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QUANTUM ELECTRO DYNAMICS and
The VOLT-AMMETRIC TRIVECTOR
SIGNATURE for DUMMIES
By Desiré Dubounet MD Prof. Emeritus of IMUNE
The atoms of all things are made of mostly electrons and protons and other miscellaneous sub
atomic particles. Everything has an electric field around it because of the electrons and protons that
make it up. The workings of these atoms are covered in chemistry. In chemistry we learn that most
atoms have imbalances in their outer electron shell. So they seek atoms that can help to fill theses
shells. These shells are only explained in quantum physics. All things are only describable with quantum
physics. The electrons are placed around the nucleus of the atom. If the nucleus is the size of a golf ball
the electron is less than the head of a pin and about a half mile away from the nucleus. The truth is that
we are mostly empty space. Space that is full of fields. Fields that interact and make biology possible. To
study biology we must study these fields. But these fields are only explainable thru electronics or
quantum physics.
What we call modern medicine is not modern at all. In fact it is based in antiquated science of
thermodynamic Newtonian physics and old style chemistry. Today a truly modern science is based in
non linear fractal quantum electrodynamics. We need a more modern medicine.
Everything has an electric field around it because of the electrons and protons that make it up.
We all know about these fields today especially if you have travelled and had to go thru a metal
detector. The metal detector senses the magnetic field of metal. Metals have a strong magnetic field.
Other substances have a weaker or paramagnetic field such as water. It has weak field. Some things
have an almost nil field and some substances such as bismuth have a negative field. But Everything has a
electric field around it because of the electrons and protons that make it up.
To study the body, we need to study the body electric and use QED as our scientific guide.
Electro-Chemistry has been a respected and developed science for many decades. Thousands
of articles and books have been written on the subject. It is also known as polography.
A three-dimensional (TRIVECTOR) topological electro field can be measured which shows the
relationships among various time-dependent volt-ammetric techniques using micro electrodes.
Intersections of the surface with appropriately oriented planes represent conventional polarography,
chronopotentiometry, polarography at a stationary electrode, and constant-potential voltammetry.
Homeopathy is dependent on a shape transfer process. The activation of neuro-emotional shape
receptors can offer an explanation of homeopathy. Our TRIVECTOR three-dimensional topological field
time-dependent voltammetric technique offers a good compatibility with the tRIVECTOR resonance
system. This has been shown to provide an accurate system of homeopathic analysis. This article will
only deal with the three-dimensional topological field time-dependent voltammetric techniques as part
of a whole system for homeopathic shape analysis.
Page 1 of 8

TRIVECTOR VOLT-AMMETRIC SIGNATURE
The basic existence of all atoms and molecules as all of science knows has a distinct field around
it. This subtle field can be measured. The first form of electrical chemical analysis was done over a
hundred years ago in the science of volt-ammetry also referred to as polography. Thousands of research
articles and a fully accepted science of the electro dynamic analysis have lurked in the back waters of
chemistry. But since so few chemical engineers have electrical knowledge, it does not gain popularity.
There was even a journal on volt-ammetry published years ago. In the journal there were some
interesting articles. In animals they found that the voltage of the body was connected to the
catecholamines. These are our adrenal hormones, necessary for flight fight and stress management.
The amperage was connected to the indolamines or brain hormones like serotonin and
melatonin. When they gave catecholamines there was an increase in voltage. When there was a
measured drop in catecholamines there was a drop in voltage. When they gave indolamines there was
an increase in amperage. When there was a measured drop in indolamines there was a drop in
amperage. We have scientifically and clinically proved the same observation true in humans.
In 1983 I developed a trivector system of analyzing the volt-ammetric signature of a compound.
I developed a three dimensional system I refer to as the trivector. The basic theory was to make a
volt-ammetric- electro-chemistry analysis systrm that would be as similar to the actual process in the
body. So the volt-ammetric test should use volts and amps similar to the actual body potentials. Thus
the measured volt-ammetric signature would be very similar to the actual body natural processes.
I started purchasing compounds. Bacteria, fungus, viruses, enzymes, hormones, minerals, etc
and to date I have spent over one half a million dollars on collecting and testing these items. All items in
the SCIO test kit have been tested in their reality. Other companies use much less scientific systems. This
is the reasons for the success of the SCIO system.
There have been over twenty five years of testing, perfecting, substantiate, corroborating,
authenticating, and validating the current system we call the QQC. There have been over five articles
published on the science. And over 25,000 systems using the trivector patterns have shown profound
safety, and efficacy.
This research and history has been reviewed intimately and correctly assayed by medical experts
in Europe. There has been now an acceptance of both the QQC device and the accuracy of the trivector
volt-ammetric signatures. To review this research and the legal registrations please inquire. There is a
full peer reviewed medical ISSN journal devoted to the review of the technology. Simply put we can test
the electrical field that binds and permeates a compound and reproduce a signal to see how a patient
reacts to it.
These items such as vitamins, homeopathics, enzymes, hormones, sarcodes, allersode, nosodes,
Isodes and herbs have static trivector signatures. The living being has a reactive or ever changing field.
The patient has a reactive field that is drawn towards nutrition and repelled from toxins. We measure
the reactions ( reactance EPR ) of the patient to ten thousand some homeopathic compounds. This is the
basis of the EPFX system as it was sold from 1989. Two decades of development to get to today. An
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overnight success.

Scientific Principles of Voltammetric TRIVECTOR Analysis
1. The liquid crystal nature of the polar substance water is a well known scientific principle.
2. The memory of water to retain and return to its crystal polymorphic shape structure is also well
known. (This memory is destroyed by a. Heat above 55 degrees Celsius b. Strong oder such as camphor,
c. Ionizing radiation (X-rays). Magnetic fields can distort the shape but the water memory will return
after the magnetic field is discontinued. This is the principle of magnetic resonance imaging. Water will
remember it’s crystal structure and always seek to find its shape or polymorphic state)
3. Electrochemistry (polarography, Polography, chronopotentiometry, volt-ammetry) are standard
accepted scientific principle. of modern chemistry for chemical analysis.
4. The dynamics of the chemical information transfer of hormones through shape receptors in the cell is
the basis of all pharmacology. All hormones work by stimulating these shape receptors. The plasticity of
these receptors has allowed synthetic chemistry to appear to work. Shape receptor stimulus is our
fourth scientific principle.
These four well known scientific facts offer us an explanation for understanding and proving high
potency homeopathy as a medical treatment. This science also offers us a superb homeopathic quality
control procedure. Now homeopathy can be proven, tested, understood, and defended with these
scientific principles.
The principle of water’s liquid crystal shape capacity and homeopathy was demonstrated by Nelson in
1997 (IJMSH). Here several homeopathics were frozen and analyzed for repeatability. In this journal the
electrochemical reactivity of homeopathic remedies were also well determined. The analysis of
conductive resonance, magnetic resonance, and capacitance states were proven a window of
examination analysis. Voltammetry or electrochemistry offers a potential more efficient and accurate
system of examination. A TRIVECTOR Voltammetric analysis has been done by others, and a refined
variation of this process has proven valuable for homeopathy.
Water is a polar substance. It has a small magnetic pole. If we place a plastic comb rubbed with fur
next to a small trickle flow of water we can see the water flow bend towards the electrically static
charged comb. This polar nature of water allows it to take a shape. As that water is a liquid crystal at
temperatures from 0 Celsius to 55 Celsius. at temperatures above this the kinetic energy of the heat
destroys the polar nature.
Next we put different metal electrodes into a container of the water homeopathic to be tested. There
will be an electro potential established between the electrodes. As we pass a changing voltage current
thru the water based homeopathic the current or amperage potential will change at the electrodes.
This volt-ammetric reading is different for each substance. Because the liquid crystal effect of water
will make a distinct pattern that is reflective of the different shape.
The shape of the liquid crystal polar water reflects and resonates the flow of the current and its
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variant voltage. Just as the shape of a canyon determines the style of the echo that resonates thru it
when you call. The shear lines and crystal boundaries have a signature effect on the output. Each
substance has a different volt-ammetric TRIVECTOR signature.
Just as our shape receptors in our nose and tongue detect a shape (taste and smell), the shape of the
homeopathic is also detected by the volt-ammetric process. It is the volt-ammetric signature that is
responsible for the phenomena of taste and smell. The reactive receptors detect the volt-ammetric
signature to react. This shape detection is a three dimensional process, so we have called it the
TRIVECTOR. After the three vectors of electronic theory.
For almost two decades, researchers and clinicians have found the TRIVECTOR items EPR
(electro-physiological-Reactivity) to be very accurate. They have reported astounding verification of the
EPR validity of the QQC TRIVECTOR readings. They have been accurate in measuring nosodes, isodes,
allersodes, sarcodes, and classic homeopathics.
The subjects had a strong tendency to electrically react to items that were irregular or abnormal in
many types of tests. Tests on isodes, allersodes, nosodes, sarcodes and classical homeopathics. But
since the accuracy was only approximately 80%, There was a need for a disclaimer to consider the
results pre-diagnostic as best and to confirm any reading with proper medical techniques.

Quantum Electro Dynamics
Science has developed and evolved dramatically over the last hundred years or so. Newtonian
physics and thermodynamics are now known to be inadequate in describing biology. Quantum Electro
Dynamics ( QED ) is known to describe much more of life and science. The basis of QED is that the
interaction of photons and electrons explains biology.
A photon is a particle of light. Light is electro-magnetic-radiation (EMR). It is made of photons.
The EMR spectrum contains infrared (heat), visible light, ultraviolet, x-ray, etc, all photons. They
oscillate at different speeds that makes them difference. The faster they vibrate the higher the energy.
An electron is a negatively charged particle that orbits (or exists as a probability cloud) in all
atoms. There are free electrons that can make up what we call electricity.
When an electron changes its quantic state or mode it emits a photon and goes to a lower
state. When a photon strikes an electron in the proper way the electron goes to a higher state.
Electrons and photons are tied together intimately. As are all subatomic particles. Thus it is obvious
that to understand anything we must understand the photon. As God said in the beginning Let there be
Light.
To
understand
life
and
science
we
must
learn
to
use
the
electro-magnetic-static-photonic-gravity forces as they interplay. But modern medicine does not deal
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with this. Modern medicine is still mired in old thermodynamic science. This allows them to make a
synthetic chemical in the test tube (in vitro), but we live in our bodies (in vivo). Modern medicine is not
so modern is it.
The simple explanation of life on earth is that there were minerals on the planet. Certain
energies like heat, lightening, gravity combine the minerals and molecules to make certain amino acids
(building blocks of protein) and fatty acids (carbon chains that make up all cellular membranes). At first
these compounds join to make bubbles. These bubbles are light sensitive. Light lets them find the
energy to make more. Remember that light Photons give the electrons a higher state, more energy
stored in the electron.
As life evolves and becomes more and more complex, the electro-magnetic static photonic
forces are the integral driving force. To understand life we need to understand this
electro-magnetic-static-photonic better.
The minerals of the Mineral Kingdom are food for the plant kingdom. The bonds in the mineral
kingdom are primarily ionic. This means that the outer electrons are in low energy states. Ionic bonded
atoms are drawn to each other but do not share electrons. Mineral salt NaCl is ionic bonded. The bond
is so weak it disassociates in water (dissolves).
The plant uses photons of heat or light to give energy to the electrons and they go to higher
states. Then they can bond co-valently. This means that they share an electron or more. A covalent
bond is much stronger and does not easily disassociate. These high energy bonds are the designed
distinctly for the purposes of nature. The secret of the QED placement of the high energy electrons
makes nature nature. The synthetic chemical companies cannot understand this QED electron state
photon placement. This is why all synthetic chemicals are incompatible for biology. This is true for our
medicines as well as our foods, but this unpopular truth makes one very unpopular with the chemical
cartel.
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The master formula is an extreme over simplification of the complexity of biology on planet
earth. Carbon dioxide and water plus minerals are taken up by the plant. The plant then uses light
(photosynthesis) to add energy to the electrons. The beast example is sugar or basic carbohydrates with
the hot energy state electrons. These hot electrons are used by the animal, us, to give us the energy for
life. Our complete biology must also explain breatharians or people who do not eat for years at a time.
Modern biology does not accept this because of their ignorance (ignore things). In the eastern medicine
this happens all of the time. We can explain it with more avant-garde QED but that is outside of this
simple first lesson. So back to our bubbles. You see the process of life and evolution is all about cycles. Being able to use
developed one at a time in quantic subatomic steps.
Life has an undeniable QED electro-magnetic-static-photonic gravity base. And as such it has
fields. Subtle energy fields that assist and help direct life. Subtle energy fields that draw towards our
nutrition and life sustaining events and repel us for toxins, waste, excretions and other risks to life.
Subtle energy fields of electro-magnet-static QED nature is an undeniable truth, no matter how much
money and influence the chemical companies have. They try to buy a cover up of this inconvenient
truth, they try to attack me but truth none the less will win.
This study of the QED electro-magnetic-static-photonic gravity (QED for short) science of
biology, gives us the impetus to prove the subtle field theories of medicine. Even though many are
based in incomplete logic and marketed by charlatans, there is a truth worth pursuing.
Just as humans use our primary photon detectors to hunt, our white blood cells do the same.
They use photons to hunt. They as all things use photons. A new medicine evolves.
This leads us to the science of Electro-Physiological-Reactivity (EPR). A science base on
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scientific professional analysis of the body electric with all of its factors. This book is just an overly
simplified modest summary of just some of the interactions of the SCIO. Thirty years of science,
discovery, clinical testing, double blinds, field testing, laboratory research, legality and safety testing all
coming together for the finest quality.

REACTIVITY and the XRROID
As we have said, changes in the volts, amps, resistance were found to indicate reactance. This
is measured in Siemens after the German researcher who discovered the concept. The changes of volts
plus changes of amps plus changes in resistance equals reactance.
Delta Volts + Delta Amps + Delta Resistance = Reactivity
The Electro-Physiological Reactivity ( EPR ) is the rating of how much reactance a patient has to
a stimuli. The stimuli or input with the SCIO is the trivector volt-ammetric signature pattern of a
homeopathic. The EPR of a human is based on the speed of the ionic exchange or just how fast the
human can form reactance to an external stimuli. This speed is known to science as approximately one

hundredth of a sec. Thus the scan of many Homeopathics can happen at very fast speeds. This is known
as the Xrroid. The scan of EPR of a patient to many trivector signatures is the Xrroid. EPR Xrroid is the
name of the device the Electro-Physiological-Feedback-Xrroid. ( EPFX ).
Since this EPR can cascade and resonate, this bioresonance has significance in biology. It can be
used to correct and address certain issues of health. This is the work started in bio-resonance in
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Germany years ago. Biofeedback is also bioresonance as the feedback of a signal in a cybernetic loop is
feedback. Biofeedback is bioresonance and bioresonance is biofeedback.
The substances have a static trivector field. They are not alive, the field is static. The shape is
static. The shape is like the taste as our taste receptors can detect the shape of the voltammetric
signature. These shapes of taste affect our brains. This is the science of homeopathy.
The trivector field of a living organism is not static, it is reactive. A living being is interacting
with the environment to be drawn towards nutrition, and repelled from toxins. Thus with the xrroid we
measure which items the patient reacts to and how he reacts so we can see a profile that might help us
learn more about our patient.
So a new modern medicine is formed to analyze the patient’s body electric and treat it without
drugs. But won’t that provoke and irritate the drug companies. Well of course. But those investing in a
false belief are always provoked by ideas that expose their false belief.
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A Cyclic Voltammetry Primer
A simple potential wave form that is often used in electrochemical experiments is the
linear wave form i.e., the potential is continuously changed as a linear function of
time. The rate of change of potential with time is referred to as the scan rate (v).
The simplest technique that uses this wave form is linear sweep voltammetry. The
potential range is scanned in one direction, starting at the initial potential and finishing
at the final potential. A more commonly used variation of the technique is cyclic
voltammetry, in which the direction of the potential is reversed at the end of the first
scan. Thus, the waveform is usually of the form of an isosceles triangle. This has the
advantage that the product of the electron transfer reaction that occurred in the
forward scan can be probed again in the reverse scan. In addition, it is a powerful tool
for the determination of formal redox potentials, detection of chemical reactions that
precede or follow the electrochemical reaction and evaluation of electron transfer
kinetics.
An example wave form that can be used in cyclic voltammetry is shown below: In
this example it is assumed that only the reduced form of the species is initially
present. Thus, a positive potential scan is chosen for the first half cycle during which
an anodic current is observed. Because the solution is quiescent, the product
generated during the forward scan is available at the surface of the electrode for the
reverse scan resulting in a cathodic current.

Complex wave form composed
of two isosceles triangles. The
voltage is first held at the
initial potential where no
electrolysis occurs and hence
no faradaic current flows. As
the voltage is scanned in the
positive direction, so the
reduced compound is oxidised
at the electrode surface. At a
particular set value, the scan
direction is reversed and the
material that was oxidised in
the outward excursion is then
reduced. Once the voltage is returned to the initial value, the experiment can be

terminated. In this example however a further voltage excursion takes place to more
negative (more reducing) values. This may be useful in probing for other species
present in the sample or for investigating any electroactive products formed as a result
of the first voltage excursion.

The basic shape of the current response for a cyclic voltammetry experiment is shown
below. At the start of the experiment, the bulk solution contains only the reduced
form of the redox couple (R) so that at potentials lower than the redox potential, i.e.
the initial potential, there is no net conversion of R into O, the oxidised form (point
A). As the redox potential is approached, there is a net anodic current which increases
exponentially with potential. As R is converted into O, concentration gradients are set
up for both R and O, and diffusion occurs down these concentration gradients. At the
anodic peak (point B), the redox potential is sufficiently positive that any R that
reaches the electrode surface is instantaneously oxidised to O. Therefore, the current
now depends upon the rate of mass transfer to the electrode surface and so the time
dependence is θt resulting in an asymmetric peak shape.
Upon reversal of the scan (point C), the current continues to decay with a θt until the
potential nears the redox potential. At this point, a net reduction of O to R occurs
which causes a cathodic current which eventually produces a peak shaped response
(point D).

If a redox system remains in
equilibrium throughout the potential
scan, the electrochemical reaction is
said to be reversible. In other words,
equilibrium requires that the surface
concentrations of O and R are
maintained at the values required by
the Nernst Equation. Under these
conditions, the following parameters
characterize the cyclic voltammogram
of the redox process.
•

the peak potential separation
(Epa - Epc) is equal to 57/n mV for all
scan rates where n is the number of

•
•
•

electron equivalents transferred during the redox process.
the peak width is equal to 28.5/n mV for all scan rates.
the peak current ratio (ipa/ipc) is equal to 1 for all scan rates.
the peak current function increases linearly as a function of the square root of v.

By clicking here, you will be able to see a simple animation of a cyclic voltammetry
experiment. The system under investigation is a simple 1 electron reversible couple so
under the conditions of the experiment, the above parameters are observed.
The situation is very different when the redox reaction is not reversible, when
chemical reactions are coupled to the redox process or when adsorption of either
reactants or products occurs. In fact, it is these "non-ideal" situations which are
usually of greatest chemical interest and for which the diagnostic properties of cyclic
voltammetry are particularly suited. We shall now look at some examples

Animated Cyclic Voltammetry experiment

This shows the cyclic voltammogram for the reversible oxidation (forward sweep) and
reduction (reverse sweep) for hydroxy-ferrocene. In aqueous buffered electrolyte,
hydroxy-ferrocene undergoes a simple outer sphere one-electron redox process
according to the following scheme:

The heterogeneous kinetics of this reaction are rapid so that over a wide range of
sweep rates, the reaction is reversible. The important points to note with the above
cyclic voltammogram are as follows;
•

The ferrocene compound is initially present in the reduced state. The voltage
scan starts at a potential negative of the Eo value for this couple and hence,
there is no flow of current.

•

As the voltage approaches the Eo value (320mV) a positive current begins to
flow indicating that the ferrocene molecule is being oxidised. The current
continues to rise (exponentially). This is known as the kinetic region of the
voltammogram.

•

As the voltage increases, the rate of reaction also increases until a point is
reached when the process becomes limited by the mass transfer of ferrocene
from the bulk to the electrode surface. The current then begins to fall and a
peak is produced. The decay profile follows a t-1/2 temporal relationship.

•

As the voltage sweep is reversed (when the switching potential is reached), the
oxidised material that is in the vicinity of the electrode is reduced resulting in a
reduction peak of similar magnitude.

•

Because this is a reversible system, the peak separation is 57mV.

Electrochemical cell and electrodes that can be used in cyclic
voltammetry experiments
An electrochemical cell must consist of at least two electrodes and one electrolyte.
An electrode may be considered to be an interface at which the mechanism of charge
transfer changes between electronic (movement of electrons) and ionic movement of
ions. An electrolyte is a medium through which charge transfer can take place by the
movement of ions.
In a cell used for electroanalytical measurements there are always three electrode
functions (see below). The first of the three electrodes is the indicating electrode also
known as the test or working electrode. This is the electrode at which the
electrochemical phenomena being investigated takes place.
The second functional electrode is the reference electrode. This is the electrode
whose potential is constant enough that it can be taken as the reference standard
against which the potentials of the other electrodes present in the cell can be
measured.
The final functional electrode is the counter or auxiliary electrode which serves as a
source or sink for electrons so that current can be passed from the external circuit
through the cell. In general, neither its true potential nor current is ever measured or
known.

Indicator electrodes
(Noble metal indicator electrodes)
There are a number of noble metal electrodes currently available for voltammetric
studies. In order of frequency of use, they are platinum, gold and silver followed
occasionally by palladium, rhodium and iridium. Various polycrystalline forms
including sheets, rods and wires are commercially available in high purity and the
materials are readily machined into useful shapes. All of the noble metals have an
over potential for hydrogen evolution. All of the noble metals adsorb hydrogen on
their surfaces although gold does so to a lesser extent. Palladium adsorbs hydrogen
into the bulk metal in appreciable quantities and is not recommended for use as a
cathode in protic solvents.
(Carbon indicator electrodes)
As an inert electrode material, carbon is useful for both oxidation and reduction in
both aqueous and non aqueous solutions. Only graphitic forms of carbon conduct and
are therefore useful as electrode materials. Ordinary spectroscopic grade graphite
rods can be used for work in which the surface area of the electrode does not need to

be well defined. Other types of carbon electrode include the vitreous (glassy) carbon
electrode and the carbon paste electrode.

Reference electrodes
The ideal reference electrode should posses the following properties;
•
•
•
•
•

it should be reversible and obey the Nernst equation with respect to some
species in the electrolyte
its potential should be stable with time
its potential should return to the equilibrium potential after small currents are
passed through the electrode
if it is an electrode like the Ag/AgCl reference electrode, the solid phase must
not be appreciably soluble in the electrolyte
it should show low hysteresis with temperature cycling

One of the commonest reference electrodes is the KCl saturated calomel half cell
(SCE). A simple form of this electrode can be assembled by adding to a tube, mercury
metal, a small amount of solid mercury (II) chloride, several grams of solid KCl and
some distilled water. Connection to the external measuring circuit can be made by
using a fine platinum wire dipping into the mercury pool. The potential of the SCE
can be obtained from:

The principal shortcoming of the SCE as a reference is that the solubility of KCl
changes substantially with temperature and therefore the cell potential has a relatively
large temperature coefficient.

Instrumentation

(Photographs courtesy of Windsor Scientific, Slough, UK and BAS inc., USA)
Modern electroanalytical measurements are normally performed with software driven
potentiostats, two examples of which are shown above. Further details about the
instruments are available from the manufacturers.

Electrochemical Cell
The normal material for cell construction is pyrex glass for
reasons both of visibility and general chemical inertness. The
size of the cell is variable and depends upon the volume, cost
and degree of dilution of the sample being studied. If material
availability and cost poses no problems, then 25-50cm3 cells
can be used. With enzymes, cells with volumes of

approximately 1cm3 are preferable because of the costs involved. Some
electrochemical measurements can be run in cells under an atmosphere of air.
Oxygen however is electrochemically active and its solubility in water is sufficiently
great that oxygen reduction can be a problem. As a consequence, most measurements
are carried out under an inert atmosphere of either nitrogen or helium.
The photograph shows a conventional three electrode cell as used in the authors
laboratory showing the working electrode, reference electrode and auxiliary
electrode. The cell lid is made from resistant PTFE plastic. A gas line for ebulliating
the solution with nitrogen or helium is also evident. (Photograph courtesy of BAS
inc., USA)

Example of Nernstian (reversible) behaviour

Family of cyclic
voltammograms
for ferrocene
carboxylic acid in
an aqueous pH
7.0 phosphate
buffer electrolyte
showing typical
Nernstian
(reversible)
behaviour. In
this instance, a
plot of peak
height (anodic or
cathodic) against
the square root of
the scan rate will
result in a straight

line passing through the origin (see below). The following experimental parameters
were used in the simulation;
•
•
•
•

Electrode area = 0.1cm2
ks = 1cm/s
Eo = 0.3 V
DO = DR = 1 x 10-5 cm/s

The initial electrode potential (Ei ) is set in a region where no reaction occurs. The
potential is then scanned in the forward direction at a given scan rate (v) such that it
can be determined at any given time t by the relationship;

E(t) = Ei - v t
As the voltage becomes more positive (oxidising) value is reached where ferrocene
carboxylic acid (reduced form) is converted to the oxidised ferricinium species. This
results in the appearance of the anodic peak. Assuming that the reaction kinetics are
very fast compared to the scan rate, the equilibrium involving the concentrations of
reduced and oxidised species at the electrode surface will adjust rapidly according to
the Nernst equation;

E = Eo' + RT/nF ln CO /CR
Where CO and CR represent the surface concentrations of oxidised and reduced
species. If the system is diffusion controlled (the normal situation for cyclic
voltammetry) then Fick's law of diffusion holds for both O and R.

Under these conditions, the peak current ( ip ) is given by the Randles Sevcik
equation;

ip = 2.69 x 105 n3/2 A DO1/2 v1/2 CO
where A is the electrode area (cm2 ), n is the number of electrons transferred, CO is the
concentration (mol.cm-3 ) and v is the scan rate (volt/s.)
The relationship for the reverse scan in the cyclic voltammogram is given by;

E = Ei - 2 v λ + v t
where λ is the time at which the potential is reversed. The shape of the reverse scan is
therefore dependent on El (the switching potential) and the kinetics of the actual
system under test. Assuming the simple relationship above however, then the reverse
scan should be the same shape as the forward one as long as El is at least 35/n mV
past the peak.

Mechanistic complications part 1: The EC
mechanis
m
The shape of a
voltammogram can
be significantly
altered if there is a
coupled chemical
reaction either
before or after the
electrochemical
process. Further
complications
attributed to the
chemical nature of
the reaction, the

degree of reversibility, the rate and equilibrium constants of the process can all play a
part in the final shape of the voltammogram and on the information that can be
obtained from a set of experiments. In general terms, coupled mechanistic schemes
are described by the letters E (electrochemical) and C (chemical). The order in which
they are written denotes the order in which the processes occur. Thus an ECE
mechanism describes a process in which an electrochemical step is followed by a
chemical step which is then followed by an electrochemical step. A chemical step is a
step where no electron transfer to or from the electrode takes place. Such a step does
not of itself produce a charge flow into or out of the electrode and thus is not directly
observable by an external measuring circuit. It may however influence charge flow
because of other steps in the mechanism which can be detected indirectly. The
chemical step is not directly influenced by the electrode potential.
An electrochemical step on the other hand involves electron flow to and from the
electrode and as such produces a flow of charge that can be monitored by the external
measuring circuit.
The example on this page deals with an EC mechanism, i.e. an electrochemical step
followed by a chemical one. The following experimental parameters were used to
obtain the simulated voltammograms shown;
•
•
•
•
•

Electrode area = 0.1cm2
khet= 1cm s-1
v = 1 volt s-1
Eo = 0.5 V
DO = DR = 1 x 10-5 cm s-1

Consider the following generalised mechanistic scheme. This shows a typical EC
mechanism. In the first step (E), a reduced species is oxidised at the surface of an
electrode. The product of the reaction O is unstable and once formed reacts
chemically (C) for example with itself, neighbouring molecules or with the solvent to
give a new species A which is either electroinactive or simply not electroactive within
the potential window of interest.

An example of this type of mechanism is the electrochemical oxidation of ascorbic
acid (vitamin C) and its subsequent reaction with water (the solvent) to yield

electrochemically inactive dehydroascorbic acid (see below).

The electrochemical reaction is characterised by the heterogeneous rate constant khet
which we can assume to be very fast. The chemical reaction is characterised by a
homogeneous first order rate constant kf for which the equilibrium constant K is equal
to;

K = [A]o / [O]o
where the concentrations of A and O are surface concentrations. The resultant voltammograms for such a process would be
similar to those depicted above. Close inspection of the diagram reveals that the forward scan (the oxidation of R to O) is
unaffected but the reverse scan (O to R) is altered.

An important parameter in determining the shape of the voltammogram is the
dimensionless ratio kf / s-1 . Because the homogeneous step has a finite rate constant
associated with it, there will be a limiting sweep rate (s-1) which is fast enough to have
completed the reverse scan before any conversion of O to A has taken place. Under
these conditions, the voltammogram will not be altered in any way and the ratio of the
two peak currents will be unity.

This feature can be
best understood by
looking at the
simulated
voltammograms
shown below. In this
case, the
voltammograms for
an EC reaction are
recorded at
increasing scan rates
( 1 to 10 Volts s-1 ).
It is evident, that as
the scan rate is
increased, the
contribution from the
homogeneous
reaction becomes less
pronounced and the
voltammogram
approaches the shape
of that for a normal, uncomplicated situation. The following experimental parameters
were used to obtain the simulated voltammograms shown;
•
•
•
•
•

Electrode area = 0.1cm2
khet= 1cm s-1
Eo = 0.5 V
DO = DR = 1 x 10-5 cm s-1
Kf = 10 s-1

Mechanistic complications part 2: The ECE
mechanism

Another complex
mechanism which is
ideally suited for
study by cyclic
voltammetry is the
ECE mechanism. As
the acronym
suggests, this is a
mechanism which
occurs in three
stages. The first step
is an electrochemical
process which
involves the transfer
of electrons at the
electrode surface.
This gives rise to a
product which is
inherently unstable
under the conditions
of the experiments
and is then converted via a chemical reaction into a second species which is itself
electrochemically active within the potential window used in the experiment. As the
voltage is scanned back to the initial value, a new peak is detected in the
voltammogram attributed to the electrochemical activity of the new species.
Alternatively, the the second electrode reaction may be observed in the forward scan
only if the new species is "more difficult" to oxidise than the parent compound.
The normal sequence of events in studying an ECE reaction by cyclic voltammetry is
as follows;
1. The initial electron transfer is carried out
2. A suitable "time gate" allowing the chemical reaction occurred is provided (set

by the position of the switching potential)
3. The effects of the chemical reaction on the initial and subsequent electron
transfers are studied electrochemically
The following experimental parameters were used in the simulation of the above
voltammograms;

•
•
•
•
•
•

Electrode area = 0.1cm2
khet= 1cm s-1
kf = 1 s-1
Eo1 = 0.5 V
Eo2 = 0.25 V
DO = DR = 1 x 10-5 cm s-1

The above diagram shows a family of cyclic voltammograms for an ECE mechanism
obtained at different scan speeds. In this example, oxidation of the initial compound
leads to a species which is unstable and is converted into a product which is itself
electroactive and can be reduced at potentials lower than 0.3 volts resulting in the
appearance of the second reduction wave. A chemical scheme which follows this type
of mechanism is shown below.

In this example, 1,4-phenylenediamine (PDD) undergoes a simple two electron
oxidation to the diimine 1,4-phenylenediimine (PHI). If the pH is less than 3, PHI is
unstable and is rapidly hydrolysed to 1,4-benzoquinone (BQ). BQ is itself
electroactive and can be reduced in a two electron process to hydroquinone (HQ).
Since all the compounds in the above scheme are electroactive, they can be detected
by cyclic voltammetry. The exact position of the peaks will be dependent upon the
individual Eo values of the redox species. The extent of the distortion will be
dependent in part on the magnitude of the homogeneous rate constant kf and on the
scan rate used in the experiment.

Biosens Bioelectron. 2006 Aug 15;22(2):253-9. Epub 2006 Feb 17
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On the top of a multi-walled carbon nanotubes (MWNTs) modified glassy carbon
electrode (MWNTs/GCE), Pt nanoclusters were electrochemically deposited,
fabricating a Pt/MWNTs composite modified electrode, Pt/MWNTs/GCE. X-ray
photoelectron spectroscopy, powder X-ray diffraction and field emission scanning
electron microscope were used for the surface characterization of the electrode, and
demonstrated the formation and distribution of Pt clusters of Pt nanoparticles of 8.4
nm in averaged size in the MWNTs matrix. The preliminary study found that this
composite modified electrode has strong electrocatalytic activity toward the
oxidation of estrogens involving estradiol, estrone and estriol. The voltammetric
behavior of estrogens on this electrode was investigated by cyclic voltammetry,
linear sweep voltammetry and square-wave voltammetry. In comparison with the
MWNTs/GCE or a Pt nanoparticles modified GCE prepared in the similar way, this
composite modified electrode exhibited much higher current sensitivity and
catalytic activity. This electrode is also stable. The linear range of square-wave
voltammetric determination was 5.0 x 10(-7)-1.5 x 10(-5)mol/L for estradiol, 2.0 x
10(-6)-5.0 x 10(-5)mol/L for estrone, and 1.0 x 10(-6)-7.5 x 10(-5)mol/L for estriol.
Under an assumption that the concentration ratio of estradiol:estrone:estriol is 2:2:1,
the real sample of blood serums was tested for the determination using this
electrode. Satisfactory result was obtained with averaged recovery of 105%.
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Abstract
An experiment is described which studied quantum electrodynamic interactions under conditions
of extremely high elds, along with a review of the relevant theory. The high elds were created by
an intense, tightly-focused pulse of laser light at green or infrared wavelengths, into which was sent
an ultra-relativistic electron beam of 46.6-GeV energy. The relevant theory is that of an electron in
an electromagnetic wave so intense that the electron's mass is e ectively shifted by the transverse
momentum imparted to it by the wave, and the electron encounters eld strengths comparable
to the Schwinger critical eld strength of 511 kV per Compton wavelength. An electron in the
intense wave may radiate a photon and balance 4-momentum by absorbing multiple photons from
the laser, which can lead to real photons with energies above the kinematic limit for conventional
Compton scattering. All particles have signi cant probability of scattering multiple times while
in the focus of the laser, including the photons radiated by the electrons, which may convert into
electron-positron pairs, again with absorption of multiple photons from the laser. This experiment
was able to measure the rates and spectra of positrons, electrons, and photons emerging from
the interaction region. Results from both experiment and theoretical simulations are presented
and compared. The results from the electron and positron measurements are compatible with the
accepted theory, within experimental uncertainties due mainly to the laser intensity measurement.
The photon spectrum shows the correct shape, but the ratio of rates in the linear and two-absorbedphoton portions of the spectrum does not vary as expected with the laser intensity, suggesting a
disagreement with the accepted theory, with a signi cance of roughly two standard deviations. A
follow-up experiment would be in order.
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Conventions, units, and notation
Units

Generally, \natural units" where ~ = c = 1 will be used, except when it is necessary to convert to
\laboratory units," e.g., for generating actual rate predictions. Laboratory units will be Rationalized MKSA. (But magnetic elds will be speci ed in both gauss and tesla, just to make everyone
happy.)
The convention for electric charge when working in \natural units" is that the electron charge
squared is e2 =(4) 
= 1=137. This is like Rationalized MKSA with 0 = 0 = 1. This convention
could be stated concisely as Z0 = 1, where Z0 is the impedance of free space.

Relativity

Conventions are the same as Peskin and Schroeder, Jackson, and Berestetskii et al..
Four-dimensional tensor indices are denoted by Greek letters, taking the values 0,1,2,3. Threedimensional indices are denotedPby Roman letters, taking the values 1,2,3.
k x = g k x = k0 x0 , i ki xi = k0 x0 , ~k  ~x.
g = g = diag(1; ,1; ,1; ,1).
The displacement 4-vector x is \naturally raised," i.e., for any given reference frame, xi = e^i  ~x,

x = (x0 ; ~x), x = (x0 ; ,~x), x0 = x0 .
~ ) is \naturally lowered."
The derivative operator @  @=@x = (@=@t; r
The momentum 4-vector is naturally raised. The momentum operator on Schrodinger wave~ ) = ig @ . This can be conveniently written p = i@  , but
functions is p^ = (E; p~) = i(@=@t; ,r
some people nd it confusing if indices aren't kept in their \natural" positions as much as possible.
(kx)  k x if k and x are 4-vectors. (x)2  (xx)  x x . To give the reader a ghting chance,
I solmenly promise to never omit the parentheses around a scalar product of 4-vectors, and to never
assign the same letter to both a vector and a scalar quantity.
A/; k/; p/ denote A  ; k  ; p  , where  are the Dirac matrices.
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Chapter 1

Study of Nonlinear QED in Intense
Laser-High Energy Electron Collisions
Synopsis

The E-144 experiment has measured the products of nonlinear Compton scattering and
Breit-Wheeler pair production occurring in the collision of ultra-relativistic electrons with a
tightly-focused, terawatt pulse of laser light. The light was intense enough to impart nearrelativistic transverse momenta to any electrons and positrons within it, and the electric eld
strength in the electron's rest frame reached to within a factor of three of the Schwinger critical
eld m2 =e  1018 V/m. Understanding quantum electrodynamic (QED) interactions in such intense elds is important for future collider interaction point, positron source, and photon source
design, and also relevant to certain problems in astrophysics and relativistic heavy ion collision
experiments. Here, the theory, experiment, and previously-published results pertaining to the
scattered electrons[1, 2, 3] and created positrons[4, 5, 6] are reviewed to establish a context,
and new results regarding the non-linear Compton photons and two critical monitors of the
electron spectrum are presented in that context. The prior results are found to be in agreement
with theoretical calculations, within quoted uncertainties and using previous assumptions; however, the new results apparently contradict these assumptions and lead to an apparent overall
irreconcilability of the electron, positron, and photon data with the accepted theory and model
of the experiment. Possible systematic e ects are discussed. It is concluded that the possible
systematic e ects may not be sucient to explain the results, but that the signi cance of the
discrepancy, if any, does not exceed two standard deviations. The experiment has made valuable
contributions to the study of QED: in particular, the photon data unambiguously demonstrates
the second-harmonic Compton scattering process at high eld strength. A follow-up experiment
would be in order.

1.1 Overview
The theory of the interaction of electrons with an intense electromagnetic plane wave was developed
many years ago[7, 8, 9, 10, 11]. The theory suggests two di erent ways of characterizing a wave as
\intense": (1) high root-mean-square (rms) eld strength of the wave as seen by the electron, and
(2) high rms vector potential of the wave in the Lorentz gauge, a measure of the magnitude of the
integral of the eld strength over time. When criterion 1 is satis ed, the electron undergoes high
transverse acceleration, and when criterion 2 is satis ed, high transverse momentum is imparted
to the electron by the wave. The two criteria are not mutually exclusive, but usually neither one
1

2
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is satis ed. Only the low eld, high transverse momentum limit of this theory had previously been
studied in the interaction of low-energy electrons with light from terawatt lasers[12].
The E-144 experiment, completed recently at the Stanford Linear Accelerator Center, is the
rst to study electrons in an electromagnetic wave with high eld strength and high potential.1 The
high potential results in signi cant \nonlinear" Compton scattering, in which electrons e ectively
scatter o the n-th harmonic of the incident wave. The high eld strength results in measurable
Breit-Wheeler production of electron-positron pairs by backscattered photons interacting with the
intense wave. Using ! to represent a quantum of (the rst harmonic of) the intense wave and to
represent any other photon, the two reactions studied are
e + n! ! e +
(1.1)
+
,
+ n! ! e + e :
(1.2)

1.1.1 Theory

Quantities characterizing the strength of the electromagnetic wave
Two dimensionless, Lorentz-invariant parameters characterize the intensity of the wave. They are
de ned as follows:
p
  jmej h,(A2 )i
(1.3)

q
j
e
j
  m3 h,(p F )2 i;

(1.4)
where A is the 4-vector potential in the Lorentz gauge, F is the usual electromagnetic eld tensor,
e and m are the electron charge and mass, p is the 4-momentum of the electron, (p2 ) = m2 , and
units in which c = ~ = 1 are employed. The parameter  characterizes the wave's strength based
on the eld strength in the electron's rest frame, and  characterizes the strength of the wave based
on its 4-vector potential.
The parameter  depends on the momentum of the electron and the eld of the wave, while  is
a characteristic of the wave alone. Since E? = (1=m)p F is the electric eld in the electron's rest
frame,  is the ratio of the rms electric eld strength to the \critical eld" in which an electron's
energy would increase by its rest mass over a Compton wavelength:


2

 = EErms
crit

(511 kV)  1:32  1018 V/m;
Ecrit  me 
= 
=
c

(1.5)
(1.6)

where  c 
= 3:86  10,13 m is the Compton wavelength of the electron.
For a plane wave with wavevector k , the 4-vector potential and eld tensor of the wave are a
function of a single scalar   (kx), so that
F  = k A , k A
(1.7)

2
2
2
(p F ) = (kp) (A )
(1.8)
kp) :
 = (m
(1.9)
2

1 Crystal channeling experiments[13] have studied electrons in periodic elds imparting large transverse acceleration
and momentum, but the channeling of an electron by a xed lattice is presumably di erent from the propagation of
an electron in a wave.
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Thus, for a given k and p , there is a direct proportionality between  and . For a monochromatic
plane wave such as A () = A1 cos  + A2 sin  (where A1 and A2 are constant 4-vectors satisfying
(kA) = 0) the quantity !  (kp)=m is the angular frequency of the wave in the electron's rest
frame. Therefore,  may also be expressed as a ratio of electric eld strengths: it is the ratio of
the rms electric eld strength to the eld in which an electron's energy would increase by its rest
mass over a distance 1=!:
 =m! = eErms=m!:
 = eErms
(1.10)
Because  is a property of the wave alone,  may be evaluated using the above equation with
electric eld E and frequency ! measured in any convenient frame.

A \free" electron in an intense electromagnetic wave: the Volkov wavefunction and
quasimomentum
The wavefunction of a spin-1/2 particle in an external electromagnetic eld obeys Dirac's equation.
In the case where the external eld is a plane wave of arbitrary shape and waveform, the exact
solution to the Dirac equation was found by Volkov[14]; a clear and accessible derivation is given
in section 40 of Berestetskii et al [11]. The result is
 ek/A/ 
(1.11)
1 + 2(kpext) ue,i(px)+iS () ;
V;p (x) =
where u is a Dirac spinor satisfying (p/ , m)u = 0, and S is the part of the classical action due to
the external eld, given by
Z   e2
0 )) 
e
(
pA
(

ext
0
0
2
S () 
d 2(kp) (Aext ( )) , (kp)
:
(1.12)
,1
As mentioned previously, the wave must be a plane wave, A = A(), where  = (kx), and A must
be expressed in the Lorentz gauge, (@A) = (kA) = 0. The term containing k/A/ acting on the spinor
u represents the e ect of the external eld on the spin orientation of the particle, and S produces a
\frequency modulation" of the electron wavefunction as regions of various potential in the external
wave pass by.
In any region where A is zero, the Volkov wavefunction reduces to simply exp(,i(px))u, the
correct solution to the Dirac equation in the case of no external eld. Thus, p is the 4-momentum
of the electron \outside of the wave," e.g., for a pulsed plane wave of nite longitudinal extent, it
is the particle's momentum before arrival of the wave and after its departure from the vicinity of
the electron.
The average momentum of the electron in the intense electromagnetic wave, the so-called \quasimomentum," is
e uk/hA/0 iu
q  Vp^ V = p , hS 0 ik + ik 2(kp
)
=

p +

m2 2 k + 2e(pA ()) + ie F u u k
ext
2(kp)
4 

(1.13)

If the time-averaged value of Aext () is zero, then
2
q = p + 2(mkp) 2 k :

(1.14)
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The square of the quasi-momentum is called the \e ective mass":

m2  (q)2 = (1 + 2 )m2 :

(1.15)

The physical signi cance of the quasi-momentum q and the e ective mass m will be seen below,
where it is shown that the kinematics of scattering involve q rather than p , and that a center-ofmass energy of at least 2m is needed to produce e+ e, pairs in photon-photon interactions.
It is interesting to note that the quasi-momentum is simply the \external" momentum p plus
a scalar times the wavevector k . One might de ne
2
n  2(mkp) 2

(1.16)

whereupon one might ascribe to n a physical interpretation in terms of a number of photons. It
would then be tempting to expect n to be quantized, or else to rewrite Eq. 1.14 as

q = p + n? k ;

(1.17)

where n? is an integer giving the number of photons \carried by" the electron, whose average value
would be given by the semi-classically-derived value n . (For the E-144 experiment, n ' 1:22 or
0:62 , depending on the laser wavelength used.) Such a quantization of n would have a signi cant
e ect on the kinematics of pair production, for example.
In fact, as we shall shortly see, no such quantization of n (or n? ) is suggested or allowed by the
standard theory of high- eld quantum electrodynamics. This is not surprising since the external
eld is treated as an entirely classical object, not something composed of photons or otherwise
quantized. Indeed, since the waveform is entirely arbitrary, there is no reason to associate k with
the momentum of a \photon" of the external wave: for example, even for a monochromatic wave,
one could choose A () = A1 cos 2 + A2 sin 2, thus changing the values of k and n by a factor of
2 for the same physical situation. It can be readily veri ed that this leaves all physical quantities
such as ; ; q ; m2 ; all scattering rates, and even the wavefunction V;p(x) completely unchanged.
Furthermore, \quantizing" the quasimomentum as in Eq. 1.17 results in a wavefunction that does
not satisfy Dirac's equation: it is not the correct way to account for quantization of the external
eld.2
Prospects for experimentally discerning whether the e ective mass shift is quantized or unquantized are discussed in a later section.
Finally, the normalization of the wavefunctions must be considered. In a given reference frame,
the wavefunctions satisfy the orthogonality and normalization condition
Z
Z
0
0 p d3 x = p0 0 p d3 x = (2)3 (p~0 , p~) u0 u ;
(1.18)
p
2Ep

p

where Ep = m2 + jp~j2 . If desired, the normalization of the spinors u can be chosen such that
us 0 ur = 2Ep prs, in which case the electron has probability density p as measured in the chosen
2 An informal survey of theorists suggests that they break into two camps on how to correctly account for quantization of the external eld: those who feel that the semi-classical approach is entirely correct even at n . 1, and
therefore have not attempted it; and those who feel a quantized treatment is necessary, but have not succeeded in
deriving one.

Study of Nonlinear QED

5

reference frame when it is outside of the wave. In general, the current density of the electron
wavepacket is given by
j  = p  p = Ep [p , eA + n k ] :
(1.19)
p

Note that in many texts, the wavefunction is normalized to have an average spatial density of unity
\inside the wave,"3 whereas for a practical colliding-beam experiment, with detectors and beam
sources outside of the wave, it would seem to be more reasonable to normalize to unit density outside
of the wave. The convention adopted above is exible enough to accommodate either normalization,
and has the advantage of being Lorentz invariant (although not manifestly so), since p =Ep is an
invariant scalar for a plane wave. Clearly, the choice of normalization has no e ect on the physics.
The signi cant point here is that the density of an electron wavepacket changes as it enters and
exits the wave. However, this actually turns out to be a very small e ect as viewed in the laboratory
frame of this experiment, where p0  k0 .

Quantum processes in an intense electromagnetic wave: kinematics and dynamics
Although it is beyond the scope of this section to prove it, the scattering matrix 0element
for an
p


0
0
,
i
(
k
x
)
k0 =(2Ek0 )
electron with initial momentum p to emit electromagnetic radiation A =  e
while in an intense electromagnetic wave (with the electron emerging with nal momentum p0 ) is
given by [7, 8, 9]

p0 jS j p

Z

= ,ie d4 x V;p0 (x) 

0

V;p (x)A  :

(1.20)

When written in terms of an invariant amplitude M, this matrix element is

p0 jS j p =

r r 0r
iMn (,p; p0 ; k0 ) 2Ep 2Ep 0 2Ek0 0
p
p
k
n
4
(4)
0
0
 (2)  (q + nk , q , k )

X

(1.21)

The delta functions come from the integral of the product of oscillatory terms in the wavefunction.
The result has been interpreted as expressing conservation of the quasi-momentum of the electron
upon absorption from the wave of n photons with momentum k and emission of the single photon
with momentum k0 [10, 11]. Noting that the arguments of the delta functions may be rewritten as

q + nk , q0 , k0 = p + (n + n , n 0)k , p0 , k0 ;

(1.22)

one could also consider the delta function as expressing conservation of the \outside of the wave"
momentum upon absorption of n + n , n 0 \photons" from the eld and emission of a single photon
with momentum k0 , where n and n 0 are not required to be integers, according to the accepted
theory. Arguably, neither interpretation involving photons in the external wave is particularly
valid given that the external wave is never quantized. The fundamental point is that radiation is
emitted at the n-th harmonic of the incident wave by an electron whose mass is e ectively shifted
by the classical action of the external wave, with a generalized Compton e ect represented by the
delta function in Eq. 1.21 arising as a consequence of the Lorentz invariance of the theory.
3 This is the case in Berestetskii[11] section 101, but not in section 40.
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One useful consequence of the kinematics of the non-linear Compton process is that the endpoints of the scattered electron and photon spectra vary with n, such that part of the spectrum at
a given n is unobscured by lower-n contributions. De ning the invariant
x  (kk0 )=(kp);
(1.23)
and de ning the center of mass (COM) frame for non-linear Compton scattering at harmonic n as
the frame in which
~qCOM + n~kCOM = 0;
(1.24)
we have
 ;
x = 2 +1m,2 =cos
(1.25)
 (n(kp))
where  is the angle between the emitted photon and the incident wave in the COM frame, while
in the lab frame we have

E0
x 
= Ek :
p

(1.26)

Thus, the maximum backscattered photon energy in the lab frame for a given n and  is

where

Ek0;max = 1 + m2E=p2n(kp)

= 1 + (1 +Ep2 )=(nx ) ;
0

(1.27)
(1.28)

x0  2(kp)=m2 :

(1.29)
For E-144, x0 is of order unity, leading to good separation of the di erent orders n (cf Fig. 1.8).
Discussion of speci c values of parameters for this experiment will be deferred until after the
description of the experimental arrangement below.
Another interesting feature of the kinematic constraint is that pairs may be produced by high-n
processes when they are kinematically forbidden to do so by low-n processes, and the minimum
value of n depends on  as well as the incident photon energy. For pair production, the kinematic
constraint is nk + k0 = q + q0 , where q and q0 are the nal-state electron and positron momenta;
thus, one must have (q + q0 )2 = (nk + k0 )2 = 2n(kk0 ) > m2 .
Finally, the scattering rates: in terms of the matrix element M (which is very complicated and
will not be given here), the di erential probability (per unit volume and unit time) of radiation of
a photon from the n-th harmonic is given by
3 0
3 0
dWCompton(n) = Mn (,p; p0 ; k0 ) 2 2Ei 2Ed0 (2p )3 2Ed0 (2k )3
p p
k
4
(4)
0
0
 (2)  (q + nk , q , k ):

(1.30)
Similarly, the probability for the cross-channel process of pair production by a photon in an intense
electromagnetic wave is given by
3
3 0
dWpair(n) = Mn(p; p0 ; ,k0 ) 2 2Ed(2p)3 2Ed0 (2p )3 2Ei 0

p
p
4
(4)
0
0
 (2)  (k + nk , q , q ):

k

(1.31)
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The above expressions allow the scattering rate to be calculated, but they give no direct insight
into how the rates vary with  and n. To gain such insight, the above expressions can be compared
to the generalized expression for scattering rate involving arbitrary numbers of particles in the
initial state:

dWi!f =

! 0Y 3 1
Y
d pf A

i @
jMj2
3
i 2Ei
f 2Ef (2)

 (2)4 (4) (kinematic constraint);

(1.32)

where i is the number density of incident particles of type i, E denotes energy, and p momentum.
Each of the four main factors on the right hand side is an invariant. In particular, note that =E ,
equal to the density of a beam of particles of de ned momentum times the reduced wavelength
corresponding to the particle energy, is an invariant characterizing the intensity of the beam independently of any reference frame, having the same dimensionality as particles per unit area.
The quantity 2 is directly proportional to this invariant beam surface density, as can be seen by
squaring and rewriting Eq. 1.10:

2 = 4(re =m)!,2 I
= 4re  c ~c(=E )

= (6:93  108 W),1 2I
= (1:37  10,26 m2 ) ;

(1.33)

where re is the classical radius of the electron,   1=! is the reduced wavelength of the wave, I is
the intensity of the electromagnetic radiation (e.g., in units of W/m2 ), and  is the photon number
density. Thus, if we were to expand perturbatively in a (quantized) external eld, one expects from
Eq. 1.32 that a process involving n photons from the intense wave will vary in rate as the n-th
power of 2 . In fact, this is true for low 2 , while at high values of 2 even the \linear" n = 1
Compton scattering process begins to show higher-order corrections (cf Fig. 1.11), e.g., a term of
order 4 which can be interpreted as arising from interference with the process in which 2 photons
are absorbed from the intense wave and one photon of the same momentum is re-radiated back
into the wave.
The di erential scattering rates have been explicitly derived in convenient form for several
special cases: linearly polarized external wave with unpolarized initial and nal states [9]; circularly
polarized external wave with unpolarized initial and nal states [10]; and both of the above with
polarized photons [10, 15, 16]4 . For example, with circularly polarized incident photons the results
can be expressed in closed form as follows:
1 dW
dW = X
n
dx
dx
n=1
 x2 
1 
2 i X
m
2
2
= 16E
,4Jn (z) +  2 + 1 , x
p n=1

9
=
,

 Jn2,1 (z) + Jn2+1(z) , 2Jn2 (z) ;

4 For an extensive discussion of experimental aspects of polarization, see [3].

(1.34)
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where

z = 2n p 

p

(u=un )(1 , u=un );
1 + 2
u = (kk0 )=(kp0 ) = x=(1 , x);
un = 2n(kp)=m2 = nx0 =(1 + 2 );

(1.35)
(1.36)
(1.37)

and x and x0 are as de ned previously (Eq. 1.23 and 1.29). The expansion of Eq. 1.34 as a power
series in 2 gives the Klein-Nishina cross-section for the leading order of the n = 1 process. It is been
shown [17] that the leading and next-to-leading orders can also be calculated using conventional
Feynman diagram techniques for the n = 1 and n = 2 pair production and Compton scattering
process, under certain assumptions.
Plots of the scattering rates and speci c values for the kinematic edges for the E-144 experimental conditions are given in the section on the simulation, after the description of the experiment
below.

1.1.2 Experiment

The experiment has three basic requirements: a controlled and suitably focused source of intense
electromagnetic radiation; a controlled and suitably focused source of ultrarelativistic electrons; and
appropriate detectors for the nal products of the collision. These were provided by the University
of Rochester Table Top Terawatt laser [18], the SLAC two-mile accelerator and Final Focus Test
Beam[19, 20], and by the E-144 collaboration as a whole, respectively.

Organization of data-taking
A primary determinant of the pattern of data-taking was the linear accelerator schedule. E-144 was
allocated approximately one week of time every 9 months from 1994 through 1996. This time was
coordinated to be immediately before, after, or interleaved with FFTB beam time. In the April
1994 and September 1994 periods of data-taking, the interleaving approach was used; in later runs,
a monolithic block of time was allocated. The chronology of data-taking is summarized in Table
1.1.
Data within each running period was organized by consecutive run le numbers, generally
starting with a big, round number such as \12000". Run data les were categorized according
to their purpose: scans to achieve beam overlap, collision data, dedicated pedestal measurement
runs, and miscellaneous other categories such as \test". A di erent number of \events"5 would be
acquired in each run data le according to the type of run: up to ten thousand events for a collision
data run, and typically only a few hundred for overlap scans. Overlap scans were alternated with
data runs. Table 1.2 presents the total number of events acquired in runs of each time for each
running period, as a quantitative measure of how much data was collected for each purpose.

The laser in brief

From Eq. 1.10, one sees that  may be made arbitrarily large by maintaining a given eld strength
while reducing the wave frequency to zero. However, considerable power is required in order to
5 An \event" is any beam-pulse occurring in a speci ed pre-programmed pattern, as described in the data acqui-

sition system subsection below: 3 \events" occurred in every 2 seconds.
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run series
3000
4000
5000
6000
7000
8000
9000
12000
13000
15000
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Table 1.1: Summary of data-taking chronology.
start date days of activities
data-taking
5-Apr-1994
2.1
checkout, Compton polarimetry
13-Apr-1994
2.6
checkout, Compton polarimetry
27-Apr-1994
3.0
commissioning
10-May-1994
4.0
rst high-power laser data
5-Sep-1994
1.7
some non-linear Compton (e,) data
12-Sep-1994
2.0
some non-linear Compton (e,) data
17-Sep-1994
1.8
some non-linear Compton (e,) data
26-Mar-1995
5.8
rst XT scans;
high-quality non-linear Compton (e,) data;
commissioned CCD spectrometer;
rst hint of positrons
8-Dec-1995
6.0
sought more positron and CCD data;
frustrated by hidden obstruction in pipe
2-Aug-1996
9.5
n = 2; 3 Cherenkov monitors commissioned;
high-quality e,, e+, and CCD photon data

Table 1.2: Summary of events acquired in each run series.
start date days of
number of recorded events in runs of each type
data-taking overlap scansa collision data pedestalb other
3000 5-Apr-1994
2.1
0
21692
8088
9869
4000 13-Apr-1994
2.6
0
38603
21352 16522
5000 27-Apr-1994
3.0
26256
27068
10994 31725
6000 10-May-1994
4.0
39123
141522
29643 13697 a
7000 5-Sep-1994
1.7
53476
49104
7657 53885
8000 12-Sep-1994
2.0
55329
206047
10002
8459
9000 17-Sep-1994
1.8
32999
121032
21385
4071
12000 26-Mar-1995
5.8
150274
191880
11045 39000
13000 8-Dec-1995
6.0
58641
199694
18966 74512
15000 2-Aug-1996
9.5
122978
292517
3631 107188
Overlap tuning in the 3000 and 4000 runs was done manually.
b The \pedestal" column counts only events in dedicated pedestal runs; in all runs of other types,
approximately one event in twenty had the electron beam suppressed to provide mid-run pedestal
data.
run series
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obtain high  in any propagating eld remotely resembling a plane wave. This may be seen from
Eq. 1.33, reproduced below:

2 = 4(re =m) 2 I 
= (6:93  108 W),1  2 I

(1.38)

where re is the classical radius of the electron,   1=! is the reduced wavelength of the wave, and
I is the intensity of the electromagnetic radiation, e.g., in units of W/m2 . For a practical wave
of nite transverse extent, the intensity is given by the total power in the wave divided by the
transverse area of the wave, which must be much larger than  2 due to di raction.
In fact, it is dicult in practice to obtain focal areas much smaller than ' 1000 2 with paraxial
focusing, which leads to the requirement for a terawatt of power to obtain   1, regardless of the
wavelength used. In our experiment, this power was obtained with a terawatt laser using chirped
pulse ampli cation by a slab ampli er[18], operating at a wavelength of 1054 nm (IR). A frequencydoubling crystal also allowed us to experiment with light at 527 nm (green). Focusing to an area
as small as 50 m2 in IR and 30 m2 in green allowed us to obtain  as high as 0.5 in IR and 0.4
in green.
The laser system included diagnostics for the pulse energy, pulse length, and focal area, as
described fully by Boege [5]. For this purpose the beam was recollimated and transported from the
interaction point back to the laser room. The laser energy was measured both by a leakage monitor
behind one of the mirrors before the transport line and behind a at in the diagnostic line after the
transport. The IR pulse-width was measured with a single shot autocorrelator in the diagnostic
line, while a \typical" width of the green pulses was assessed occasionally using a streak camera.
Early in the experiment, shot-by-shot measurements of the laser focal area were attempted by
re-focusing the returned beam on a digitized video camera, after deliberate attenuation of the light
by a factor of more than 106 using multiple re ections from glass plates plus lters. This provided
some useful data, particularly for our rst results comparing the measured electron spectrum with
theory[1], but the statistical and systematic uncertainties in the area measurement were both of
order 30%. Neither pulse length nor focal spot measurements were available in the most recently
taken data, which were oriented towards the positron and photon measurements; instead, we relied
on estimations of the focal properties based on observed rates in the n = 1, n = 2, and n = 3
regions of the electron spectrum[Chapter 5].

The electron beam in brief
The desire for   1 and the relationship  = x0 =2 (Eqs. 1.9 and 1.29) mandate the use of

high-energy electrons. With 46.6-GeV electrons from the Stanford Linear Accelerator, the value
of x0 is 0.82 for IR and 1.64 for green, allowing us to attain maximum  values of 0:2 and 0:3,
respectively. No lower-energy electron beam would have suced.
As mentioned previously, the near-unity value of x0 leads to good separation of the kinematic
edges of the di erent orders n. Table 1.3 summarizes the kinematic edges for the speci c conditions
of E-144.
The electron beam had an invariant emittance of < 3  10,5 horizontally and < 2  10,6
vertically, and an energy spread typically E=E < 0:0005. The E-144 interaction point was located
in the dump line of the FFTB, between the last focusing element and the rst of dipole safety
magnet. At this point, the beam could be focused to a spot as small as 30 m by 30 m (root
mean square) or as large as 200 m horizontally and 100 m vertically. Longitudinally, the electron

Study of Nonlinear QED

11

Table 1.3: Scattered electron kinematic edge energies for IR and green laser in the limit of  ! 0,
for various numbers of absorbed photons n.
Ep0;max(n) at  = 0 [GeV]
n IR
Green
1 25.5
17.6
2 17.6
10.8
3 13.4
7.8
4 10.8
6.1

Figure 1.1: E-144 experimental arrangement.
pulse length could be adjusted from 0.5 to 1.0 mm (rms).6
The electron beam had a number of diagnostic tools to measure its properties and assure its
quality, as described elsewhere [Chapter 3].

The detectors
Figure 1.1 shows the experimental arrangement. Electrons travel from left to right in the gure,
interacting with the laser at interaction point IP1. The focusing of the laser by o -axis paraboloid
mirrors near IP1 is shown. A radio frequency pickup after IP1 provided electron bunch timing
information. A set of permanent magnets dispersed the charged particles according to momentum
and separated the primary beam from the photons. Each of the three products of the interactions
of interest, positrons, electrons, and photons, were measured by various detectors.
The entire positron spectrum and a selected portion of the electron spectrum were intercepted
by silicon-tungsten calorimeters, called PCAL and ECAL. A diagram of ECAL is shown in Fig. 1.2.
Each layer of ECAL consists of one radiation length of tungsten, 300 microns of active silicon, and
the circuit board on which the silicon is mounted. The silicon is subdivided into rectangular \pads"
arranged in 4 columns and 12 rows, each pad measuring 1.6  1.6 cm. The longitudinal layers are
ganged into 4 segments, each containing approximately the same total energy deposition, and the
4  12  4 = 192 channels are read out by 16-bit analog-to-digital converter (ADC) modules built for
6 This was done by varying the strength of the compressor klystron in the transport from the SLC north damping

ring to the linac [21].
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a liquid argon calorimeter used in a Fermilab experiment [22]. PCAL is of identical construction,
except for having 4 additional rows; its 128 channels7 are also read out by the same modules.
The gain of the ECAL channels was set at approximately 13 ADC counts per GeV, so that with
proper centering of the calorimeter, a single tower could accommodate a total energy of 10 TeV
without ADC saturation. The calorimeters were calibrated in situ using a parasitic test beam[23].
The results of a calibration run for 13-GeV electrons are shown in Fig. 1.3. The resolution was
found to be
E2 [GeV] = (0:19)2 (E [GeV]) + (0:4)2 + (0:05)2 (E [GeV])2 :
(1.39)
The gain of the PCAL was set 32 times higher, since generally only one or zero positrons would
hit the calorimeter, allowing better resolution for reconstructing the positron momentum.
Because of the wide dynamic range of the electron spectrum expected (cf Fig. 1.9), ECAL was
mounted on a stage which could be moved vertically, allowing it to retreat from high ux regions
as the laser intensity was raised. The stage was controlled by the SLC control system, but a direct
interface between that control system and the E144 data acquisition system [Chapter 3] allowed
the ECAL position to be scanned under experimenter control throughout a data acquisition run;
extended runs of data at xed position were also taken. Fig. 1.4 shows the regions of expected
saturation and insucient signal as a function of the laser pulse energy with all other parameters
at \standard" values. Figures such as these were used as guides to the data-taking strategy. The
nal data set contains both ECAL position scans and xed-ECAL runs.
The electron rates were also monitored by air or oxygen gas Cherenkov electron counters [24],
two of which are shown labeled as EC31 and EC37; these two detectors were located in the n = 1
portion of the electron spectrum. Similar detectors called N2MO and N3MO (not shown) were
located in front of ECAL, below the n = 1 kinematic edge, where they monitored electrons with
energies in the range 12.2 to 13.2 GeV (n = 2) and 8.5 to 9.6 GeV (n = 3), respectively. These
Cherenkov monitors were also calibrated in situ using the parasitic test beam [Chapter 4].
High-energy photons emitted from IP1 proceeded down their own beamline. Two collimators
cleaned the photon beam of synchrotron and beam-scraping backgrounds. A movable Cherenkov
counter (CCM1) could be inserted into this beamline, or the photons could be allowed to continue
to a thin aluminum or nitrocellulose foil, in which a small fraction would convert into electronpositron pairs. A second dipole magnet (labeled 5D36 in Fig. 1.1) provided horizontal kick of 100
to 250 MeV/c to these charged particles, after which they passed through a particle tracking device
consisting of multiple CCD planes. Individual particle tracks could then be reconstructed from the
hits in the CCDs, allowing the momentum of each particle to be determined, and thus the gamma
spectrum was inferred. (The CCD system and analysis are described in detail in separate papers
[Chapter 6, Chapter 7].)
For the data presented in this paper, the CCD spectrometer was used in \single-arm" mode,
in which no attempt was made to reconstruct pairs by matching electrons with their positron
partners. The primary advantage of this mode of operation is that there is no need to signi cantly
limit the number of tracks per event. Event rates of 100 tracks/event were easily accommodated.
No attempt was made to use the CCDs in the front plane of the spectrometer in this mode, since
the high number of hits led to signi cant ambiguity in the projection from the back planes to the
front. The momentum spectrum of \single-arm" tracks is the convolution of the gamma spectrum
7 In early runs, PCAL was ganged to have 2 longitudinal segments; in later runs, the same longitudinal segmentation
as ECAL was used, and only the 8 rows covering the kinematically-accessible range of positron energies were read
out.
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Figure 1.2: The electron calorimeter (ECAL).
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Figure 1.3: The response of the ECAL to 13-GeV incident electrons. The peaks due to the simultaneous arrival of up to six electrons are clearly distinguished.
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with the Bethe-Heitler pair spectrum. This spectrum is easily calculated, and the kinematic limits
and relative scales of the n = 1 and n = 2 processes are clearly observable even in the convolved
data.
The total number of backscattered photons, dominated by the linear Compton scattering process, was measured at the end of the beamline by Cherenkov monitor CCM2 and silicon-tungsten
calorimeter GCAL.
Not shown in Fig. 1.1 are various devices which provided non-invasive measurements of laser
pulse energy (described in [5, 2, 6, 18]) and electron beam position, angle, total charge, and energy
on every event [Chapter 3].

Beam synchronization and overlap
The ne timing of the laser pulse was set by adjusting an optical delay line with sub-picosecond
resolution. A ringing cavity in the electron beam line provided a reference signal which was used
to compare the phase of the laser signal to that of the electron bunch. Final timing was established
by observing the scattering rate as a function of optical delay. Such a timing curve is given in Fig.
1.5 and has an rms width (standard deviation)  = 4:3 ps; the spread can be attributed to the
electron beam length which was e ' 3 ps plus relative timing jitter of about the same magnitude.
A detailed analysis of the uctuations in the collision rate [25] shows that the timing jitter between
the laser pulses and the arrival of the electron bunch was typically of order j ' 2 ps to 3 ps.
The nal optics for the laser at IP1 were contained in an evacuated box, which was placed on
three motorized, elliptical cams which could position the focus in the horizontal (x) and vertical
(y) directions and could also introduce a roll in the xy plane. This capability was used to scan the
laser focus with respect to the electron beam.
To obtain initial alignment of the electron and laser beams in the transverse plane, a uorescent
ag was lowered into the path of the beam and viewed remotely. By moving the IP1 box, it was
possible to bring the electron beam and laser images into overlap. Final adjustment was made by
monitoring the forward-photon rate as a function of transverse (x-y) position of the IP box. While
the vertical overlap (y) was unambiguous, the overlap in the horizontal plane (x) depended on the
relative timing of the two beams as indicated in Fig. 1.6(a). Thus it was necessary to carry out a
raster scan in both the x-position of the IP box and in timing delay. This is shown in Fig. 1.6(b)
where the linear Compton rate is plotted as a function of x and t. The correlation between the
two o sets,
 1

1
x sin + tan = ct;
(1.40)
is clearly evident. In Fig. 1.6(c) the nonlinear rate (speci cally, n = 2) is plotted for the same raster
scan. Here a large signal was obtained only when the electrons crossed through the laser beam in
the focal region. By scanning both the position where the electrons intersected the laser path and
the time at which the laser pulse crossed the focal waist, the xt scan identi ed the location where
 was highest, which was an essential consideration for the experiment. The xt scan data were
also used to separate unwanted backgrounds from linear (n = 1) processes from the desired n > 1
signal, based on their di erent shapes in the xt plane. Such xt scans were performed frequently
during the run to assure correct spatial and temporal overlap. Each xt scan was preceded by a y
scan to ensure that the electrons and photons were in the same plane, and a simple t scan to verify
the scan range and n = 1 collision stability.
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Figure 1.5: A \timing curve" showing the number of electrons scattered into the top row of the
electron calorimeter as a function of delay of the optical pulse. The standard deviation of the curve
is  = 4:3 ps.
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Figure 1.6: (a) The crossing of the laser pulse and electron beam in the x-t plane; two possible
collisions are shown, each giving approximately the same linear Compton scattering rate but drastically di erent non-linear Compton rates. (b) Linear Compton event rate as a function of transverse
beam displacement and relative timing. (c) As above but for nonlinear events.
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The data acquisition system (DAQ)
The data acquisition system (DAQ) collected data from the detectors as well as information on
the laser system and the electron beam. Although the accelerator provided electrons at 10 or 30
Hz, the DAQ recorded data less frequently. Physics events were recorded at the 0.5 Hz repetition
rate of the laser. Every beam crossing when the laser red constituted an event to be recorded
in this experiment. In addition, events were collected on the electron beam pulses 400 msec and
200 msec prior to each laser shot, in order to measure electron-beam-related backgrounds in the
detectors. A third set of events, obtained by dumping the electron beam far upstream in the linac,
was used to measure the pedestal mean value and noise in the detectors and readout electronics
during data-taking. These events occurred at a rate of 0.05 Hz, and one third of them coincided
with laser shots.
The moderate event rate and data volume of the experiment allowed a low-cost solution for
the data acquisition system, which is shown schematically in Fig. 1.7. The system was based
on personal computers with Intel i486 microprocessors and Industry Standard Architecture (ISA)
motherboards, connected by a local Ethernet. The communication between the computers was
established using the standard TCP/IP and UDP protocols. The main part of the DAQ system
consisted of one back-end computer and several front-end computers. The back-end computer
controlled and synchronized the DAQ system and provided the interface to the user, while the
front-end computers collected data from the detectors and diagnostic equipment and responded
to command messages received from the back-end computer. A standard interface between the
programs running on the back-end computer and the front-end computers allowed for a modular and
very exible DAQ. The third type of personal computer shown in Fig. 1.7, the display computers,
provided detailed online monitoring of the collected data.
The readout cycles were controlled by the trigger logic, which received triggers from the SLAC
control system and distributed them to the readout electronics and/or front-end computers. Once
a trigger signal passed through the logic, any further triggers were blocked until the logic was
reset by a `READY' signal from the back-end computer. Upon receiving a trigger signal, each
front-end computer collected its assigned set of data and sent it over the Ethernet link to the
back-end computer, where the data were assembled, analyzed and stored to disk. As soon as the
back-end computer nished processing the event, it reset the trigger logic and broadcast the full
event information to the display computers. The display computers, running unsynchronized to the
readout cycle, allowed online monitoring of the experiment or individual front-end equipments, as
well as CPU-intensive data processing. One display computer was set up in the accelerator control
room, guiding operators in tuning the electron beam for low background in the detectors.
An RS-232 link between one of the front-end computers and the master computer of the SLAC
control system made it possible to bring additional experimental parameters into the data stream
as well as to control the position of the IP box and the ECAL. The ability to move these devices
by the DAQ program was essential in performing scans where the scattering rate was measured as
a function of these positions.

Summary
The experiment studies the interaction of 46.6-GeV electrons with a terawatt laser under conditions
in which  and  approach, but do not exceed, unity. Under these conditions, the following were
measured on every trigger:
 Beam and laser properties
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Figure 1.7: Hardware components of the data acquisition system.
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Table 1.4: An overview of the precision and accuracy of E-144's measurements
measurement

uncertainty in measurement
source
magnitude
; 
systematic  15%
N
systematic  15%
Ne,
systematic 
10%
p
Ne+
statistical
175 + 66=4=(175 , 66) = 13%
e, spectrum systematic 10% in each 1- to 2-GeV/c-wide row
e+ spectrum statistical 20% in each 2-GeV/c-wide bin
spectrum statistical 10% in each 0.4-GeV/c-wide bin (n = 2)
1% in each 0.4-GeV/c-wide bin (n = 1)

 Total number of backscattered photons
 Total number of scattered electrons within the ECAL acceptance
 Total number of positrons
 Electron spectrum shape
 Photon spectrum shape
 Positron spectrum shape

Table 1.4 gives an overview of the systematic and statistical uncertainties in each measurement.
Due to the nonlinear nature of the interaction, the focal intensity measurement is the most serious
limitation of the experiment.

1.1.3 Simulation

As already described in detail, our predictions are based on the theory of an electron propagating
in an in nite plane wave. Figure 1.8 is a plot of the n = 1 and n = 2 recoil electron spectra after
propagation through a very short region of the green laser at various (constant) intensities; the
n = 2 spectrum is almost invisible on the linear scale except at the highest intensity. There is a
noticeable shift in the kinematic edges caused by the predicted increase in the \e ective mass" of
the electron in the wave, but this shift is not as noticeable in the spectrum of electron colliding
with a realistic laser focus.
In order to simulate the interaction of electrons with the focussed laser, we numerically integrate
over time and position in the laser focus, using the in nite-plane-wave theory locally at every point.8
Thus, the total scattering rate gets contributions from scattering at all the di erent intensities
encountered. The simulation also allows for scattered electrons to re-scatter any number of times
as they traverse the laser. In Fig. 1.9 is plotted the results of the simulation of the complete
interaction with a Gaussian laser focus. A \close-up" view of the n = 1 edge is provided at the
right of the gure. There is a subtle change in shape with increasing intensity, signifying the mass
shift e ect, which can be discerned in the simulation but which our calorimeter was not suited to
detect due to the coarseness of its momentum resolution. Note that in this gure, \foc " refers to
the maximum value of  achieved at the focus.
8 Actually, there are two, independently-written simulations for the experiment, which give equivalent predictions:

one, a binned numerical integration [26], and the other, a true Monte-Carlo simulation[Chapter 2].
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Figure 1.8: The n = 1 and n = 2 recoil electron spectra after propagation through a very short
region of the green laser at various (constant) intensities.
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Figure 1.9: Results of the simulation of the complete interaction, assuming a Gaussian laser focus;
a \close-up" view of the n = 1 edge is provided at right.
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The contributions of various processes can be separated in the simulation, though not in the
experiment, as shown in the simulated electron spectrum in Fig. 1.10. Note that the simulation
below was done for the infrared laser, in contrast to those above which were for the green laser.
The curve marked \n = 1 plural scattering" shows the contribution of repeated scattering of the
same electron by the n = 1 (\linear") Compton process.
At suciently high intensity, the \linear" and non-linear Compton scattering process rates
diverge from their leading-order (in incident wave intensity) behavior. In Fig. 1.11, the simulated
total number of scatters from each order is plotted as a function of the maximum value of  achieved
at the focus. Note that the maximum value of  actually achieved by E-144 with the green laser is
0.4.
Simulation of pair production in the collision was handled by the same mechanism as multiple
scattering of the electrons: photons radiated by the Compton process were propagated through the
laser and allowed to interact to form pairs, the components of which could then Compton scatter:
i.e., a complete particle shower simulation was implemented for the two processes of Eqs. 1.1 1.2.
Figure 1.12 shows calculations comparing the positron rate predicted by the complete theory with
all non-leading-order-in-incident-wave-intensity e ects (e.g., mass-shift e ect) with a prediction
using only the leading-order e ects. It is apparent that E-144 explores a region that is non-linear,
but is sensitive only to the leading-order contributions.
As mentioned previously, the CCD tracking spectrometer was used in \single-arm" mode, such
that only the spectrum of the separate components of the pairs is known. The simulated single-arm
spectrum is plotted in Fig. 1.13.
These predictions, based on the accepted theory and the measured or estimated properties of
the laser focus, are compared to the observations in order to judge the overall consistency of the
theory and experimental model with the data.

1.1.4 Aspects of the theory which may be investigated with this experiment
The experiment has the capability to detect the presence of particles scattered at di erent orders
n, to measure their overall rate, to resolve the detailed shape of their spectra to some extent, and
to correlate these measurements with an estimate of the focal intensity parameter 2 .
The presence of particles with the appropriate signature is sucient to demonstrate the existence
of the reactions in Eqs. 1.1 and 1.2. In particular, the detection of any positrons created by
the laser at IP1 demonstrates pair production (Eq. 1.2), and the detection of any tracks in the
pair spectrometer above the n = 1 edge demonstrates non-linear Compton scattering (Eq. 1.1
with n > 0). The experiment is also capable of detecting electrons in the n = 2, n = 3, and
n = 4 regions of the spectrum, and while electrons can also reach such energies through multiple
scattering, detection of more electrons than expected from multiple n = 1 scattering is also evidence
for non-linear Compton scattering.
The absolute rate can be compared to theory to verify the magnitude of the matrix elements M
to some degree, and the variation of rate with 2 can be compared to the expected leading-order
behavior. The electron and photon rates in regions dominated by nth -harmonic Compton scattering
are expected to vary proportionally to 2n , while the positrons, being produced primarily by an
n = 4 pair creation process fed by photons created by an n = 1 Compton scattering process, are
expected to vary approximately as 10 .
Due to the transverse size of the shower in ECAL, the shape of the electron spectrum cannot
be resolved suciently to allow discernment of the subtle mass-shift e ect illustrated in Fig. 1.9.

electron yield per 0.2 GeV
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Figure 1.10: Simulated electron spectrum (solid line) and contributions of various processes separately plotted (broken lines). Note that this simulation was done for the infrared laser, in contrast
to those above which were for the green laser. The curve marked \n = 1 plural scattering" shows
the contribution of repeated scattering of a given electron by the n = 1 (\linear") Compton process.
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Figure 1.11: Total number of scatters from each order plotted as a function of the maximum value
of  achieved at the focus. This simulation was done for the green laser.
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Figure 1.12: Total number of positrons plotted as a function of the maximum value of  achieved
at the focus, along with a prediction using only the leading order contribution. This simulation
was done for the green laser.
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Figure 1.13: Simulated single-arm track spectrum, for the green laser. A \close-up" view of the
n=1 edge is provided at the right.
The CCD spectrometer has no such problems, but as illustrated in Fig. 1.13, the single-arm track
spectrum shows almost no -dependent changes in shape, other than the 2n dependence of regions
corresponding to di erent orders n. Therefore, the mass-shift e ect can not be detected. The
detailed shape of the spectra does provide some additional check on the form of jMj2 .

1.1.5 Relevance to beam physics and other elds
Any physics experiment using particle beams includes one or more particle sources, acceleration
and/or damping systems, focusing systems, and one or more interaction points; this experiment is
most relevant to the rst and last of these. At the source end of beam physics, there is interest in
exploiting Breit-Wheeler pair production (Eq. 1.2) as a polarized, low-emittance positron source[27],
and also interest in using Compton scattering (Eq. 1.1) to provide high brightness sources of high
energy photons for photon-photon colliders[28, 29]: E-144's positron and photon production results
have direct relevance to these topics. At the interaction point end, it is generally thought that
in next-generation linear collider designs (such as NLC[30]) it is desirable to have   0:3 for
reasonable luminosity while maintaining low pair creation backgrounds; this experiment provides
results in exactly that high eld regime. Critical elds of this strength and higher are also expected
in the collisions of ultra-relativistic heavy ions.
It is currently infeasible to create experimental conditions wherein a potential drop of 511 kV
exists over a Compton wavelength without using an ultra-relativistic particle beam. Therefore,
terrestrial high- experiments are limited to particle physics at present. However, it is believed
that such elds may occur in astrophysical contexts. For example, the magnetic eld at the surface
of a neutron star is believed to exceed the Schwinger critical eld. In such an environment, a
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particle need not be highly relativistic to experience static, crossed magnetic and electric elds
which both exceed the critical eld. It is dicult to nd even in nature any conditions exactly as
probed by this experiment, i.e., a charged particle encountering a coherent plane wave with non-zero
frequency and near-critical eld strength, particularly in the region where n  1, but this does not
diminish the importance of the experiment. Studying   0:3 can only improve our understanding
of electrodynamic interactions under naturally-occurring and human-created conditions.

1.2 Review of previously-published experimental results
1.2.1 Electrons [1, 2, 3]

In Fig. 1.14 is shown the observed electron calorimeter data separated according to  and plotted
versus momentum (closed circles). The predicted results for the same conditions are also plotted
(open circles). These results are from data taken with the green, linearly-polarized laser[3], in the
n = 3 and n = 4 region of the spectrum. The data show clear evidence for the presence of electrons
scattered to these energies at rates signi cantly in excess of those expected from multiple n = 1
scattering alone; furthermore, the rates agree at multiple values of , to within a factor of 2 (note
the log scale).
We also have data for circularly-polarized green and infrared laser[1] and for the linearlypolarized infrared laser.

1.2.2 Positrons [4, 6]
In Fig. 1.15.a is plotted the number of observed positrons for laser-on triggers and for laser-o pulses,
the latter being scaled to the number of laser-on pulses. The spectrum of laser-associated positrons,
obtained by subtracting the laser-o from the laser-on distribution, is plotted in Fig. 1.15.b, along
with the expected momentum spectrum from the model calculation. Parts (c) and (d) of the gure
show similar plots using only events which satisfy the requirement  > 0:216.
Figure 1.16 shows the observed positron yield as a function of the intensity. In this analysis,
the intensity of the focus has been inferred using data from Cherenkov electron counter data on
the electron n = 1, n = 2, and n = 3 rates. The positron yield is expressed in terms of the
number of positrons per high energy photon. The anomalously high yield at low  is believed to
be due to a slight residual background, which is normalized by a low number of photons at low .
The solid line in the gure shows the simulated positron rates for Compton scattering (Eq. 1.1)
followed by light-on-light pair production (Eq. refEq:pairprod). The dashed line in the lower right
corner is an estimate of the pair production rates from virtual photons associated with the beam
electrons interacting with the intense wave, i.e., trident production or nonlinear (sub-threshold)
Bethe-Heitler pair production with an electron target: it is clearly a small contribution. The
horizontal error bars on each data point indicate the uncertainty in the  measurement, and the
vertical error bars are purely statistical.
The data presented above was taken with the green, linearly-polarized laser and a 46.6-GeV
electron beam. The presence of positrons is unmistakable, and the variation with  is as expected;
furthermore, the absolute rate is consistent with the theory, within a factor of e0:1510 ' 51
uncertainty, assuming a 15% uncertainty in  and given the fth-order dependence of the positron
rate on 2 .
We also have data taken with the same laser and 49.2-GeV electron beam[6].
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Figure 1.14: Electron calorimeter data separated according to  and plotted versus momentum
(closed circles) and predicted results for the same conditions plotted (open circles). (From [3].)
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Figure 1.15: (a) Observed number of positron candidates vs. momentum for laser-on pulses and for
laser-o pulses scaled to the number of laser-on pulses. (b) Observed spectrum of signal positrons
obtained by subtracting the laser-o from the laser-on distribution. The curve shows the expected
momentum spectrum from the model calculation. (c) and (d) are the same as (a) and (b) but with
the requirement that  > 0:216. (From [4].)
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Figure 1.16: Observed dependence of the positron yield on the laser eld-strength parameter , with
yield normalized to the total number of Compton scatters. The solid line is the prediction based
on the numerical integration of the two-step Breit-Wheeler process. The dashed line represents the
simulation for a one-step trident process. (From [4].)
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1.2.3 Laser focal property estimation

For data in which measurements were made for every event of laser focal area, pulse length, and
total energy, these parameters were used directly in the simulation. The peak intensity at the focus
was calculated as
(1.41)
Ifoc = AEpulse
 ;

e e
where Epulse is the total energy of the laser pulse, Ae is the e ective area of the focus, equal
p to
22 for a Gaussian focus with rms spot size , and e is the e ective pulse length, equal to 2t
2 was computed from
for a Gaussian distribution with rms width t . The important quantity foc
Eq. 1.38. Note that A,  , and foc all have signi cant and independent e ects on the scattering

rate, and in general should all be speci ed.
Another variable parameter a ecting the scattering rates is the spatial and temporal overlap
of the two beams. It is believed that the temporal jitter was the most signi cant contribution to
overlap uctuations. Since the electron beam is much larger than the laser focus and most of the
rate is dominated by scattering at the focus, the main e ect of overlap variation is a change in
all rates by a common factor. For a given set of laser focal parameters A,  , and foc and the
separately-measured electron beam parameters, the total number of forward photons expected in
the case of perfect overlap may be calculated. This number is dominated by ordinary (n = 1)
Compton scattering. The overlap factor v is de ned as the ratio of the observed number of photons
to the predicted number for perfect overlap:

v  NN;observed ' e, 12 t2 =2 ;
;MC

t

(1.42)

where N ;MC is the prediction for perfect overlap, t is the timing o set, and t is given by adding
the electron and laser rms pulse lengths in quadrature.
For the latest set of data, the electron Cherenkov monitor data on scattering rates in the n = 1,
n = 2, and n = 3 portions of the spectrum were used to nd an area A, pulse length  , and relative
overlap v consistent with the simulation and the observed Cherenkov monitor and laser energy
data. This method provides a tighter check on the consistency of the positron rate data with the
electron rates, and therefore a better overall test of the theory than could be done using only the
laser parameter measurements. As an illustration of the technique, consider the case where the
area and pulse energy are known, but not the pulse length or overlap. In this case, the rate in each
detector may be written as

N1 = k1 (E; A)v ,1
N2 = k2 (E; A)v ,2
N3 = k3 (E; A)v ,3 ;

(1.43)
(1.44)
(1.45)

where ki are coecients found from the simulation, and the powers in  re ect the leading-order
(2n ) behavior of the theory. Upon taking the logarithm, this is seen to be a simple linear model,
easily tted. It turns out that using this simple approach with a xed, \typical" value of A leads to
ts that are reasonably good, and that allowing A to vary over its physical range does not improve
matters substantially.9 Given a measurement of the n = 2 and n = 3 electron yield with 10%
9 In the focal parameter ts used for the published positron results [4], the area and pulse length were varied
together in a xed relationship A[m2 ] = 20   [psec].

34

High Field QED

Table 1.5: Comparison of original calibration with cross-calibration results. Quoted errors include
best-guess systematic errors, not including the suspected large calibration shift e ect.
calibration constant [e-/(GeV/c)/count]
detector original cross-calibrated
N2MO 61
17  2
N3MO 1:6
0:65  :07
calibration constant [photons/count]
detector original cross-calibrated
adjusted for mutual consistency
EC31
289
179  20
185
EC37
8874
6045  600
5900
precision, the corresponding positron rates theoretically can be predicted with a precision of 45%,
and the n = 2 photon yield theoretically can be predicted with 7% precision.
Unfortunately, it was immediately apparent that the values of  predicted by this technique
were approximately a factor of 2 smaller than the pulse lengths known to be typical of the laser, and
signi cant bias in the residuals of the ts were also evident. It was concluded that the calibration
of the Cherenkov monitors must somehow be incorrect, and an iterative technique for varying the
calibration constants for best overall consistency of the data was developed [6]. Ultimately, the
three Cherenkov monitor signals were scaled down by factors of 1.3, 8.0, and 8.0, respectively.
This eliminated the bias in the residuals, and also brought the pulse length into line with a priori
expectations.10 As will be seen shortly, these values also give near-perfect agreement of the positron
rate data with the simulation. Note, however, that di erent scaling factors could be chosen which
would equally well eliminate the bias in the residuals, yet lead to di erent predictions for the overlap
and pulse length. This consideration motivated the \cross-calibration" of the Cherenkov monitors
with the electron calorimeter presented below in the section on \new results" and in [Chapter 4].
More details on the Cherenkov monitor focal parameter ts are given in [6] and [Chapter 5].

1.2.4 Summary of previously-published results

Within the uncertainties listed in Table 1.4, all measurements reviewed above are consistent with
the accepted theory. Due to the nonlinear nature of the interaction, the focal intensity measurement
was the dominant limitation in testing the electron data versus the theory. The positron results
are internally consistent with the electron data, providing a better test of the theory than if only
externally measured laser intensities were used.

1.3 Summary of new results

1.3.1 Cross-calibration of the electron Cherenkov monitors

As mentioned previously, the original calibration constants for the Cherenkov electron detectors as
given by their creator [31] led to inconsistencies between the model predictions and the actually
10 Actually, the average area and pulse length obtained using this scaling were signi cantly larger than the \standard" area and pulse length quoted prior to the beginning of the data analysis, but it was subsequently explained
that the \standard" parameters are actually \best case running" parameters.
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reported number of electrons observed by the detectors. This disagreement led us to distrust the
original calibration constants, and to rescale those constants by large factors (up to eight) for
purposes of estimating the laser focal parameters[6]. Subsequently, several sets of bremsstrahlung
and Compton data was reanalyzed to obtain a cross-calibration of these detectors with the electron
calorimeter (ECAL).
The results of the cross-calibration analysis of data from the period of data-taking encompassing
most of the positron and photon data are summarized in Table 1.5. The new calibration is within
a factor of four of the original, unscaled calibration. However, some less-representative data sets,
taken under conditions of unusual steering, gave calibration constants higher by a factor of two,
thus even closer to the original calibration. The steering was not radical enough to change the
response of the detectors by this degree, according to the designer's best understanding of the
detectors. In general, it is completely unknown why the calibration of these detectors changed
from the original calibration or why the calibration apparently changed over time and/or with
beam steering conditions.
Using the calibration given in Table 1.5, consistent values for the focal parameters A and 
and the overlap v may be found without additional scaling. However, the resulting values of
 (calculated from observed area and tted A and  ) are higher than previously estimated, by
approximately 30%. This is roughly twice the estimated systematic error on . At rst glance, one
would therefore expect this recalibration to change the interpretation of the positron results from
agreement within a factor of  51 to an observed de cit of a factor of  5,21 .
Using either the original calibration or the calibration constants from the \less representative"
data set would suggest an even greater de cit, and there is no evidence to suggest that the electron
ux could have been less than estimated using the constants in Table 1.5. Furthermore, data from
the few positron-producing runs in which ECAL was positioned in the n = 3 region is consistent with
the n = 3 Cherenkov monitor using the new calibration constants as shown, as one would expect
given the cross-calibration, and is not consistent with the scaling previously applied. Unfortunately,
the bulk of the positron data comes from runs where the n = 3 rate exceeded the saturation level
of ECAL, and so ECAL was kept well below the n = 3 kinematic edge; much of this data consists
of ECAL scans, in which ECAL had no xed position even in the n = 4 spectrum and often
had no signal at all. In the absence of any understanding of the Cherenkov monitors' calibration
uctuations and with no cross-check on their calibration for the bulk of the positron data, it must
be admitted that the larger scale-down factors applied previously could indeed be more correct.
In conclusion, the absolute
scale of the positron rate should only be said to agree with the theory
+1
to within a factor of  10,2 . Even with this uncertainty, the positron results do demonstrate the
creation of pairs, presumably by the two processes (Eq. 1.1) and (Eq. 1.2), and the results show a
rate dependence proportional to 10(2) as expected.

1.3.2 Photon spectrum
Tracks in the CCD tracking spectrometer were reconstructed, and backgrounds estimated[Chapter 7].
Focal properties were estimated on every pulse, as described previously and elsewhere[Chapter 5].
Using this data, the photon spectrum according to our simulation was calculated and redistributed
according to the Bethe-Heitler spectrum, using the same formulae as used by EGS4[32]. The singlearm track spectrum thus calculated can be compared directly to the observed data, with an overall
normalization to account for the net system eciency as the only unknown.
Figure 1.17 shows the track spectrum integrated over all events (histogram) and the simulation
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Figure 1.17: The track spectrum integrated over all events (solid histogram), simulation with tted
background (solid curve), and measured and tted background (dashed curve and histogram). In
the n = 2 dominated region between 30 GeV/c and 36 GeV/c, there are only 102 tracks in the
\out-band" region of the CCDs used to estimate backgrounds, while there are 384 tracks in the
\in-band" (signal) region of the CCDs.
with tted background and normalization (solid curve). The background estimate is also shown
(histogram and curve with short dashes). Many features of the data match the theory very well:
the n = 1 kinematic endpoint at 29.0 GeV/c momentum is clearly seen, there are hundreds of
tracks above background in the n = 2 region, and the n = 2 kinematic endpoint at 35.6 GeV/c is
obvious. However, there is a clear de cit in the number of tracks in the n = 2 region relative to
the number in the n = 1 region. The de cit is approximately a factor of two.
Note that the simulation was done for each event using focal parameter data from the Cherenkov
monitor ts[Chapter 5] using the \new" calibration constants. In both the \new" focal parameter
estimates and the \old" (scaled) estimates, a xed relationship between focal area and pulse length
was maintained: A = (20 m2 =ps) . Because of the crossing angle of the colliding beams, the
laser focal area actually determines the electron's path length. Thus, as area and pulse length are
increased at xed energy, the drop in rate due to decreased intensity is partly o set by the increase
in path length.
Instead of using the Cherenkov-monitor-derived laser intensity information to calculate the
theoretical spectra, it is possible to introduce laser pulse length and/or area as another free parameter. With focal intensity thus adjustable, the observed spectra in the CCDs can be t quite
well; however, it is apparent from Fig. 1.17 that a signi cantly lower intensity must be required in
order to t the data. In order to study the relationship between CCD-derived laser intensities and
Cherenkov-monitor-derived intensities, the data sample is split into ve approximately-equal subsets according to the Cherenkov-monitor-based  measurement. Figure 1.18 plots the CCD-based
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Figure 1.18: CCD-based  t result versus the mean value of Cherenkov- t-based  in each data
subset: vertical error bars are from the CCD data t, and horizontal error bars are the rms of the
distribution of Cherenkov- t .

 t result versus the mean value of Cherenkov- t-based  in each data subset. In tting the CCD
track spectra, the relationship A = (20 m2 =ps) has again been maintained, for consistency.

It is immediately obvious in Fig. 1.18 that the CCD data is consistent with a lower values of
 overall, compared to the electron data. The values of  from the CCD ts are almost a factor
of two di erent from the Cherenkov monitor
values. (N.B. if laser energy were the unmeasured,
p
free parameter, then only a factor of 2 change in  would be required to e ect a change in the
n = 2 to n = 1 ratio, but a larger change is required when energy is known and the geometry is
adjusted.) If the theory is correct and the Cherenkov monitors are properly calibrated, then the
two spectra should be consistent with the same value of ; this expected agreement is represented
by a line with slope 1 on the graph. Also plotted is a line with slope 0.745, to represent the result
that would be obtained if the \old," scaled Cherenkov monitor  ts were used. As suggested in the
previous section, this di erence may be adopted as a new estimate of the systematic uncertainty in
, e ectively doubling the estimate on the relative systematic error in  from 15% to 30%, i.e.,
a factor of e0:3 . Even with the larger systematic error estimate, the signi cance of the di erence
in the spectrum is two sigma, as indicated by the line with slope (0:745)2 .
It should be noted that the data set for the CCD analysis is signi cantly smaller than the data
set used for the positron analysis, and largely does not overlap with the positron data. This is
partly because much of the CCD data-taking was devoted to experimenting with di erent converter targets, and ultimately only the thickest target data yielded sucient rate for the single-arm
analysis. It so happens that all of the thick target data was taken at approximately the same
laser energy. In contrast, the positron data set contains a variety of laser energies. One possible
explanation for the lack of correlation seen in Fig. 1.18 is that the statistical uctuations in the
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Cherenkov monitors are much larger than believed, and therefore lead to a wide spread in the focal
parameters reconstructed for each event. Note that the residuals of the Cherenkov monitor ts are
consistent with the assumed uctuations, so the additional variance would have to come from a
correlated uctuation in the two n = 2 and n = 3 electron detectors, or possibly large correlated
uctuations in the n = 1 monitors EC31 and EC37 which are used to cancel overlap variations in
the other two detectors. Such a purely instrumental variation in the Cherenkov-monitor-based 
would not be expected to correlate with the CCDs, and separating events based on the Cherenkov
monitors would indeed lead to ve essentially randomly-chosen subsets each characterized by the
same true value of . According to this argument, the positron data shows the expected behavior
because the variety of laser energies provides a physical variation in  driven by a well-monitored
variable. The CCD analysis was performed for all runs for which the thick target data was available, but unfortunately, the positron analysis was performed only for certain selected subsets of the
data, which has little overlap with the CCD data. Therefore, this hypothesis could not be tested
by replotting Fig. 1.16 using the data sample and event selection used for Fig. 1.18.
Another possible source of systematic error is misbehavior of the track reconstruction algorithm
in the presence of the high track densities experienced in the n = 1 portion of the track spectrum.
This issue has been carefully studied by comparing the performance of the algorithm on MonteCarlo data sets with its performance on real data. No evidence for signi cant misbehavior is seen
under any conditions similar to those encountered in the real data. For example, it is shown in
[Chapter 7] that the total number of reconstructed tracks in the n = 1 region tracks the n = 1
rate as monitored by the Cherenkov monitors precisely, arguing against any saturation e ect in the
densely-hit portion of the CCDs.
In conclusion, the overall ratio of n = 2 to n = 1 tracks produced by converted backscattered
photons is a factor of two lower than the theoretical prediction using the cross-calibrated Cherenkov
monitor, a disagreement at the \two sigma" level.
Even with these uncertainties, the CCD spectrometer results do provide clear evidence of the
presence of backscattered photons with energies exceeding the n = 1 Compton kinematic limit,
unambiguously demonstrating the nonlinear Compton scattering process (Eq. 1.1).
The CCD system, track reconstruction algorithm, and track spectrum are discussed in detail
elsewhere [Chapter 6, Chapter 7, Chapter 8].

1.4 Conclusion
A colliding beam experiment involving non-linear processes is interesting in that the results are
a ected more signi cantly and in a more fundamental way by the intensity and shape of the beams
than is the case in more familiar scattering experiments. Over the history of this experiment,
the degree of sophistication increased in the approaches to addressing the novel challenges of the
non-linear colliding-beam experiment. In particular, the initial reliance on error-prone remote
monitoring of the laser focus was replaced by reliance on xed-momentum particle counters (the
Cherenkov monitors) to estimate the moments of the intensity distribution; the scale factors of
these devices were initially freely adjusted, but later xed by a cross-calibration with the electron
calorimeter; and, the estimates of systematic errors and the overall interpretation of the results has
evolved accordingly.
In the preceding sections, previously-published results were summarized, and new data presented. The new data presented consists of the analysis of the data from the CCD tracking
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spectrometer, giving new information on the forward photon spectrum, plus a re-analysis of the
data from the electron Cherenkov monitors intended to resolve an overall scale uncertainty in the
Cherenkov monitor calibration. In Table 1.4, one may see that the CCD data has the best momentum resolution and highest precision of any of the detectors in the experiment. When one improves
the precision and resolution of an experiment and addresses a systematic uncertainty in a direct
way, one generally expects the uncertainties in the experiment to diminish and the signi cance of
the results to improve. To some extent, the opposite has happened here: previously unstated or
under-emphasized sources of systematic errors are emphasized in the presentation of the newest
results, and should be considered when interpreting the previous results.
One reason for this broadening of systematic uncertainties is that the careful study of the
Cherenkov monitor data, intended to resolve the overall uncertainty in their scales, has suggested
the possibility of unmonitored changes in the Cherenkov monitors' gains. Even with the larger
uncertainties, the n = 2 photon rates are two standard deviations displaced from predictions
consistent with the calibrated Cherenkov monitors.
It would be extremely desirable to repeat the experiment, preferably with better control over
and monitoring of the laser focal spot and pulse length, more redundant electron and photon
monitors, and a larger data sample containing a deliberately-chosen range of focal intensities, with
all detectors fully functional for the entire data set. Building on past experience, it should be
possible to design, test, and agree upon data analysis techniques and standards by which to judge
the results prior to the actual data-taking, thus eliminating any question of bias for or against the
currently-accepted theory.
Overall, the experiment was quite successful. In particular, the observation of tracks created by
photons above the n = 1 kinematic edge, which could not arise through multiple n = 1 scattering,
demonstrates unambiguously the second-harmonic Compton scattering process,

e + 2! ! e + ;
at eld strengths up to one third of the critical eld strength.

(1.46)

Chapter 2

Simulation of the electron beam/laser
beam collision
Synopsis

The Monte-Carlo simulation of the collision of the electron and laser beams is described,
and its results are compared with results obtained by numerical integration.

2.1 Goals and speci cations
The basic goal of the simulation is to estimate the energy spectra and rates of photons, electrons,
and positrons produced and/or scattered at the interaction point(s) of a practical high- eld collision
experiment,
using the di erential scattering probabilities per unit volume per kinematic parameters,
d2 WCompton and d2 WBreit-Wheeler , where Compton and Breit-Wheeler denote the processes of
dud
dud
interest:
Compton: e, + n! ! e, +
(2.1)
,
+
Breit-Wheeler: + n! ! e + e :
(2.2)
The simulation could easily be expanded to include other coherent processes, e.g.,
Trident: e, + n! ! e, + e, + e+
(2.3)
Photon-photon scattering: + n! ! + :
(2.4)
The simulation must take into account the possibility of multiple, sequential interactions of the
above two types, which add incoherently to the sum. The simulation must also take into account
practical features of the experiment such as the geometry of the colliding beams (e.g., bunch shape,
relative placement in time and space, crossing angle), and provide accurate predictions for many
di erent-order processes occurring in the same collision.

2.1.1 Collision geometry

The crossing of the beams in the z^  x^ planes of two coordinate systems is shown in Fig. 2.1. The
distribution of the electrons e0 (~x0 ) can most easily be described in the coordinate system on the
left, while the shape of the laser eld l (~x; t) can be most easily described in the coordinate system
on the right.
40
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Figure 2.1: The collision geometry, top view, in electron-aligned (left) and laser-aligned (right)
coordinate systems.
In the \laser-aligned" coordinate system, the density of photons at point ~xl = (xl ; yl ; zl ) and
time t is given by
2

2

2

Nl exp(, 12 (z ,2t) , 12 (x =1+()z+(=zy )=2 ) )
(2.5)
l (xl ; yl ; zl ; t) =
(2)3=2 lx ly lz (1 + (zl =zR )2 )
where lx and ly are the RMS widths of the spot at the focus, lz is the RMS bunch length,
and zR is the e ective Rayleigh length of the focus, known as ? to accelerator physicists. Table
l

l

lx

l

l

lz

ly

R

2.1 summarizes few useful de nitions and relations taken from Meyerho er's technical notes on
Gaussian, non-di raction limited laser focusing [33, 34] and adapted to my notation. Note t = 0 is
implicitly de ned to be the time that the centroid of the laser pulse crosses the focal plane.
In the \electron-aligned" coordinates, a Gaussian electron bunch can be described simply by

q

Ne det(V eb ,1 )
exp(, 21 (~xe , ~xe0 )T V eb ,1 (~xe , ~xe0 ))
e0(~xe) =
(2)3=2
where in the simplest case of a beam with no skew, the covariance matrix V eb is simply
V eb,1 =

2 1=2 0
4 0 ex 1=ey2
0

0

0
0

1=ez2

3
5

(2.6)

(2.7)

The vector ~xe0 is the location of the centroid of the electron bunch at time t = 0, when the centroid
of the laser pulse crosses the focal plane.

2.1.2 Multiple scattering
In a high- eld collision experiment, incident or created particles may scatter multiple times in
succession within the eld. Examples of possible scattering sequences are depicted in Fig. 2.2. The
top diagram shows an electron radiating a photon; the second diagram shows the same electron
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Table 2.1: Some relations between various optics parameters








zR0 
zR 
f 
f# 


w0
lx; ly
Ae
0
A0

wavelength of the laser
1=e2 radius of intensity at focusing optic
p
RMS width (1= e radius) of intensity at focus
2lx ly
di raction-limited RMS width of intensity at focus
202
Ae =A0
di raction-limited Rayleigh length
e ective Rayleigh length as used in equation 2.5
focal length of the focusing optic
f=(2w0 )
A0 = 2 (f#)2
r
4
2
zR0 =  f# = 8 A0 f#

r

p z = 8 A f = 4 f
zR =
R0
l #
 e #
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Figure 2.2: Schematic depiction of three scattering sequences. These are not intended to be Feynman diagrams: all internal particles are on-shell, and therefore the nal state particle probabilities
add incoherently (see text).
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undergoing two Compton-like interactions in succession; and the third diagram shows a radiated
photon converting to a pair.
In such sequences of scattering events, it is assumed that all internal particles are on their mass
shell, so that the number of deBroglie wavelengths in the interval between successive scattering
events is essentially a uniform random number. This means that the spectra from di erent events
add incoherently. (Mathematically speaking, the cross-term vanishes when the expectation value
is taken of the square of the sum of two amplitudes whose relative phase is uniformly random.) In
particular, the two gammas in Fig. 2.2.b do not interfere with each other, nor do the two electrons in
Fig. 2.2.c. Furthermore, the size of the laser focus is assumed to be large compared to the coherence
length of all processes, so the pair produced by the two-step process depicted in Fig. 2.2.c does
not interfere with the trident process (whose Feynman diagram admittedly looks identical to the
graphical depiction of the incoherent process), nor can it interfere with anything else, due to the
random phase factor introduced by the propagation of the on-shell photon created by the initial
Compton scattering event. (If there were more than one channel by which a particular photon
could produce a pair, then those channels would interfere; however, pair production by a photon
would still be depicted as a single process in an incoherent scattering sequence diagram such as
Fig. 2.2.) Interference requires coherence, and processes involving rescattering of on-shell particles
are by nature incoherent.
There is an easy way of distinguishing between incoherent and coherent scattering processes:
the total probability of a coherent process increases linearly with the time elapsed during which the
conditions that support the process are maintained (i.e., with the time the electron spends in the
electromagnetic wave, in the case of Compton scattering), while the probability of an incoherent
process increases non-linearly with that time (i.e., the probability of an electron scattering twice
increases as the square of the time spent in a laser eld, etc.). The trident scattering rate, being
expressed in terms of a di erential probability per di erential 4-volume, does not include the twostep, incoherent pair production process.
Making the distinction between coherent and incoherent processes is important, since our theory
need only provide the probabilities for coherent processes, while the Monte-Carlo simulation need
only sum probabilities, not amplitudes, in order to generate
realistic predictions. Coherence e ects
d2 WCompton and d2 WBreitWheeler .
can (and must) be absorbed into the probabilities dud
dud
In order to express mathematically the integrals implied by Fig. 2.2, it is helpful to express the
probabilities in terms of initial and nal values of x  2(kp)=m2 , instead of the parameter u. The
parameter x can be called the \energy parameter". For Compton scattering, the following relations
can be derived from the de nition u  (kk0 )=(kp0 ) :

u = xxf; ,
f;e
xi;e, = xf; + xf;e,
xf;e, = 1 +1 u xi;e,
xf; = 1 +u u xi;e,
du = dxf;e, :
1 + u2
xi;e,

(2.8)
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For pair production, u  4(kp(kl)()kp0 ) gives the relations

x2
u = 4x ,i;x +
f;e f;e
xi; = xf;e, + p
xf;e+
xf;e = xi; 1  12 , 1=u
dx 
du
p
=  xf;e :
4u u(u , 1)
i;

(2.9)

It is satisfying that the nal-state phase-space factor, which is messy and unintuitive when expressed
in terms of u, always takes the form dxf =xi when the di erential probabilities are expressed in terms
of a nal-state energy parameter.
The di erential probability dxd WCompton for an electron with energy parameter xi to scatter at
time t and position ~x into a nal state with energy parameter in the range xf to xf + dxf and
azimuthal angle  in the range f to f + df will be denoted by wC (t; ~x; xi ; xf ; f ); a photon with
energy parameter xi , xf will be emitted in this process. Similarly, wB (t; ~x; xi ; xf ; f ) denotes the
di erential probability dxd WBreitWheeler for a photon with energy parameter xi to create a pair at
time t and position ~x consisting of an electron with energy parameter in the range xf to xf + dxf
and azimuthal angle  in the range f to f + df along with its positron counterpart.1
Using this notation, it is relatively easy to write the integrals corresponding to the incoherent
scattering sequences depicted in Fig. 2.2. (These integrals may seem somewhat unnecessarily detailed, but for a complete and quantitative description, there is no substitute for explicitly \writing
it all out.") The number of electrons scattered into the range x1  x < x2 from a \pencil beam"
with initial kinematic parameter x0 > x2 , initial velocity ~v0 , \t = 0"-projected position ~x0 , and
unit density is given by

ne, (~x0 ; xZ1 ; x2 ) =Z Z
x2
+1
dx d
dt wC (t; ~x0 + t~v0 ; x0 ; x; )

Zx1x2 Z

Z,1
+1 Z x0

Z

x1

d0

Zt

dx d
dt
dt0
,1
x
,1
0
0
0 0
0
0
0
Z x2 wCZ(t ; ~x0Z++t1~v0 ; xZ0; xx0,; x )wCZ(t; ~x0 Z+ tt ~v0 + (t , t )v~0 ; x ; x; )
+
dx d
dt
dx0 d0
dt0
x1
,1
0
,1
wC (t0; ~x0 + t0~v0 ; x0; x0 ; 0 )wB (t; ~x0 + t0~v0 + (t , t0 )v~0 ; x0 , x0 ; x; )
+ ::::
+

dx0

(2.10)

The integrand in the rst term represents a single Compton scattering event which takes the
electron directly from x0 to some value x in the range x1 < x < x2 , as in Fig. 2.2.a. The second
term represents the case where the initial electron scatters from x0 to x0 at time t0 , and subsequently
1 Two further notes on this paragraph: rst, I apologize for using x for the energy parameter and ~x for position,

but hopefully the arrow over ~x will help avoid too much confusion; second, the idea of simultaneously specifying
both the space-time point at which an interaction occurs and the initial and nal 4-momentum of all particles might
seem to be raise problem with the uncertainty principle, but in fact this is mathematically how the integral is done to
calculate rates from cross-sections, although the physically the 4-momentum and 4-position are conjugate observables.
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scatters from x0 to a value of x in the given range, as in Fig. 2.2.b. The third term represents the
case where the gamma created when the initial electron scatters from x0 to x0 at time t0 , which
has kinematic parameter x0 = x0 , x0 , subsequently creates a pair with an electron having x in
the given range, as in Fig. 2.2.c. The dots indicate all possible such scattering sequences should be
considered. The corresponding terms for evaluating the gamma spectrum are

Z x2 Z Z +1
dx d
dt wC (t; ~x0 + t~v0 ; x0; x0 , x; )
Zx1x2 Z Z,1
Z Zt
+1 Z x0

n (x1 ; x2) =
+

x1

+ :::;

dx d
dt
dx0 d0
dt0
,1
x0 ,x
,1
wC (t0 ; ~x0 + t0~v0 ; x0; x0 ; 0 )wC (t; ~x0 + t0~v0 + (t , t0 )v~0 ; x0 ; x0 , x; )
(2.11)

and for the positron spectrum,

ne+ (x1 ; x2 ) =

Z x2 Z
x1

Z +1 Z x0

dx0

Z

d0

Zt

dx d
dt
dt0
,1
0
,1
wC (t0; ~x0 + t0~v0 ; x0; x0 ; 0 )
wB (t; ~x0 + t0~v0 + (t , t0 )v~0 ; x0 , x0 ; x0 , x0 , x; )

(2.12)

+ ::::
The total number of particles of type i with energy parameter in the range [x1 ; x2 ] produced
by the interaction of the laser with a beam having phase space density d6 n0 =(d3 xd3 v)  (6)
0 (~x;~v )
is given by

Ni[(6)
0 ](x1 ; x2 )

=

Z

d3 x

Z

d3 v (6)
0 (~x;~v )ni (x1 ; x2 ):

(2.13)

Equations 2.10 through 2.13 explicitly show the integration over the initial positions and trajectories of the incident particles, which is of critical signi cance to the simulation of any practical
experiment due to the great sensitivity to these parameters in the nonlinear interaction. The probabilities at a given time t are evaluated at the position of the incident particle at that time assuming
it follows a straight-line trajectory between scattering events.
In short, the goal of the simulation is to evaluate the integrals 2.10 through 2.13, including the
integrals implied by the dots, to within some accuracy which may be speci ed independently for
each integral.

2.2 Implementation
Two separate programs were developed to evaluate the integrals 2.10 through 2.13. One program
was written by Christian Bula to use conventional numerical integration techniques; it is described
elsewhere.[26] The second simulation, described in this chapter, uses a Monte Carlo approach,
designed along much the same principles as well-known shower simulation packages such as EGS,[32]
with a few special adaptations to deal with issues such as the large dynamic range of the rates
of many simultaneously-present \interesting" processes. Bula imaginatively named his numeric
integration code \NUMINT"; the code described here has the equally imaginative name \MCSCAT".
In Bula's NUMINT, it is assumed that all particles follow parallel trajectories in the lab frame,
with negligable de ection by the scattering process; due to its structure, the MCSCAT code is easily
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able to include the divergence of the incident beam and the transverse kick from each scattering
event. In fact, the divergence of the ultra-relativistic electron beam in the E144 experiment is
 10 rad or less, and the scattering angles in the lab frame are of the same order, so that the
e ect on the calculated rate from scattering within the rst interaction region (IP1) is in fact
insigni cant; such angular divergence e ects would be more signi cant for experiments involving a
small target at a second interaction point several meters away.
Both NUMINT and MCSCAT currently ignore the azimuthal angle : it has no meaning to NUMINT
given that the polar angle is always zero, while MCSCAT currently uses a uniform random distribution
in , which is precisely correct for circular polarization and less correct for linear polarization of
the laser, but it is insigni cantly incorrect for E144 where polar angle e ect is insigni cant. A
proper azimuthal angle distribution could be implemented in MCSCAT for linear polarization of the
laser, with some signi cant investment of e ort. It does not appear to be necessary to do so for
application of the code to the E144 experiment, the prototypical \high- eld collision" experiment
for our purposes.
The initial electron bunch for the E144 experiment consisted of  1010 particles, of which  106
scattered via n = 1 processes,  104 scattered via n = 2 processes,  102 via n = 3, etc. Since each
higher-n process covers more nal-state space than the previous-n process, each n is individually
interesting, even if the next lower-n process is much more likely. Because of this wide dynamic range
of interesting processes, it was necessary to implement a particle weighting scheme in the MonteCarlo code, such that the initial electron bunch could be represented by  104 macro-particles of
 106 electrons each, while each n = 1-produced macro-particle might represent  104 electrons
and an n = 2-produced macro-particle might represent  102 electrons, and so-on. This is likely
to be advisable when simulating any nonlinear interaction phenomenon by Monte-Carlo means,
e.g., pair production in the focus of a future linear collider: the n = 5 process might be 104 times
less likely than the n = 3 process, but n = 5-scattered particles might hit a part of the detector
in nitely more sensitive than what the n = 3-scattered particles might hit.

2.2.1 Details of the Monte-Carlo integrator and event generator:

MCSCAT

is written in C++, a programming language that supports many di erent styles of code
modularization, data encapsulation, and other object-oriented techniques.2 The data and functions
related to the interaction are organized into two classes of objects: Particle and Field. This allows
for easy expansion of the code to handle di erent particles and/or di erent types of elds in the
future.
Each Particle object contains variables specifying that particle's position, velocity, energy,
weight, and some other tracking information; there is also some \static" data associated with the
Particle class that is the same for all particles, e.g., the relative weights to assign successive
MCSCAT

2 A note about C++: generally, programming languages are designed around only one paradigm: for example,
FORTRAN provides a type of data localization through COMMON blocks and by keeping a subroutine's local
variables intact between calls, which is totally di erent from Pascal's emphasis on reentrancy and dynamicallyallocated memory. After seven years of experimentation with C++, I have concluded that, for any given application,
most of the \many di erent styles" C++ supports are about as useful and error-resistant as those supported by other
languages, a few turn out to be more trouble than they are worth (or worse), and often there is one approach that
is truly golden, much better than what could be done easily with any other language. Unfortunately, the best and
worst approaches can switch places from problem to problem. The programming paradigm for MCSCAT did not turn
out to be \golden," but it does clarify a few dicult parts of the code, it provides a high degree of protection against
stupid things like type con icts in parameter lists; the only real trouble it has caused is a perception of inaccessibility
among those who don't know the language.
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The Particle Class
What Particle knows (static member data)
 macro-particle weight for each generation
 min. weight cuto
 min. energy cuto
What Particle can do (static member functions)
 initialize static member data
What each particle knows (member data)
 type of particle (e, ; e+ ; )
 position, velocity
 energy
 weight
 generation (for weight selection)
 ancestry (for diagnosing scattering sequences)
What each particle can do (member functions)
 create, initialize, and delete itself
 choose random position, direction of motion, and energy given description of
the beam ellipse
 travel through a given field (i.e., the traverse() routine | see Fig. 2.6)
Figure 2.3: De nition of the Particle class.
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The Field Class
What each field can do (member functions)
 create, initialize, and delete itself
 suggest a good time step for Particle::traverse()
 calculate the total probability for a given macro-particle at a given time to
scatter (or split) into child macro-particle(s) with a given weight (i.e., the
scatt prob 0() function)
 generate the scattering event, causing new particle's to be created (i.e., the
scatter() function)
Figure 2.4: De nition of the Field class.
generations. Functions associated with the Particle class include several pertaining to particle
initialization, plus the very signi cant traverse() subroutine. (Subroutines and functions are
equivalent terms in C++, and are conventionally indicated with parentheses after the function
name.) When the traverse() subroutine is called for a given particle, with arguments that tell
it what Field object is being traversed and over what time period, it takes appropriate actions to
propagate the particle through the eld, generating Monte-Carlo scattering events as it goes, and
recursing into traverse() for any secondary particles created by interactions, ultimately returning
after modifying the time argument and reducing the weight of the original particle as appropriate
to account for any child-particles it may have spawned. When stepping the particle through the
eld, traverse() takes care never to step the particle over a distance larger than max_dt, in order
to avoid stepping into a qualitatively di erent region of the eld, a behavior analogous to the way
in which EGS truncates a step if it would take the particle into a di erent medium. The de nition
of the Particle class is shown in Fig. 2.3.
The Field class is summarized in Fig. 2.4. The most important functions in this class are
scatt_prob_0(), which gives an estimate on the overall probability of scattering of a particle in
the eld, and scatter(), which generates a Monte-Carlo scattering event. (How these two routines
are used by traverse() will be described below.) The Field class declares all of its functions to
be \virtual", which essentially means that the class keeps static pointers to its functions, which
derived classes can de ne di erently if desired. Multiple classes can be derived from the Field
class, each with its own additional data and function members and each de ning its own speci c
implementation of the \virtual" functions associated with the Field base class. In the current
version of the code, only a Laser class is derived from Field (Fig. 2.5). If it was desired to extend
the code to handle some new type of interaction, another class could also be derived from Field if
desired, perhaps a PlasmaLens class, in which case a PlasmaLens object or a Laser object could
be passed as the rst argument of Particle::traverse(). The traverse() function, without
needing to know what kind of eld was passed to it, would still be able to call the appropriate
scatt_prob_0() and scatter() functions in such a way that they would be able to access the
appropriate object's internal data.
The basic steps taken by traverse() are as follows:
1. Call the scatt_prob_0() routine for the eld in question to get a quick estimate of the total
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The Laser Class
Inherits data and function members from
 the Field class (i.e., Laser is a kind of Field)
What each laser knows (member data)
 properties: polarization, peak intensity, Rayleigh length, focal area, pulse
length, wavelength, crossing angle, positron weight, extra weighting factor
to apply to macro-particles created by non-linear processes
 internal \convenience variables" to speed calculations
 all necessary lookup tables
What each laser can do (member functions)
 create, initialize, and delete itself
 initialize internal variables and load lookup tables according to desired properties
 laser-speci c implementations of scatt prob 0() and scatter(), incorporating generalized Compton scattering and Breit-Wheeler pair production
Figure 2.5: De nition of the Laser class.

2.
3.
4.
5.
6.

interaction probability per unit time. This \quick estimate" should either be an exact value
for the total interaction probability (e.g., from a look-up table, for speed), or an upper limit
which can be corrected by Monte-Carlo event rejection in a later step. (Note: more than one
eld in a region could be supported by calling the scatt_prob_0() routine for each eld and
making a random decision which eld to use based on the relative probabilities. This would
require passing a list or array of Field objects to traverse, which would be easy to do.)
Assign the value returned by scatt_prob_0() to the variable p0.
Generate an exponential random number with mean 1=p0, and assign this value to dt. This is
done using dt = , log(1 , dran11())=p0, where dran11() returns a uniform random number
in the range [0; 1).
If dt > max_dt, then replace dt with max_dt, and set a ag to indicate that dt has been
clipped.
Advance the particle position by ~v  dt, and advance the time clock by dt.
If dt was clipped in step 3, go back to step 1 now.
Since the step was not truncated, call the scatter() routine for the appropriate eld. The
scatter() routine has ultimate responsibility for deciding whether or not an interaction occurs, and if so, in what way. (E.g., what value of n for the multiphoton Compton process,
and what the scattering angles will be, etc.) The weight of macro-particles created or scattered by this process may be less than the weight of the original macro-particle, so when the
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interaction destroys particles (e.g., the photon in a pair-creation process), scatter() decrements the weight of the original macro-particle by the weight of the new macro-particles,
and when the interaction scatters particles without destroying them (e.g., the electron in a
Compton process), scatter() creates a new macro-particle of the same type as the original
macro-particle and decrements the weight of the original macro-particle by the weight of the
new macro-particles.
7. For each new particle created, if any, call the traverse() routine (recursively) to propagate
the new particle from the time and place of its creation to the speci ed ending time.
8. Repeat the above steps until the particle reaches the speci ed ending time.
A ow chart of the algorithm described above is shown in Fig. 2.6.
Steps 1 through 5 generate a random step dt, establishing a known probability distribution for
the scatter() routine to be called. The scatter() routine can tailor that probability distribution
by refusing to allow a scattering event in some cases.
It is worth contrasting the behavior of traverse() with a less ecient but better known technique. For simple simulations where the computational cost of calculating p0 is small, one can take
steps dt such that dt  p0  1, generate a uniform random number ui in the range [0; 1) at each
step i, and proceed to the scattering routine in the (rare) event that the random number is smaller
than the interaction probability dt  p0. In the limit where dt goes to zero and p0 is constant
over the region, this is precisely the same as generating an exponential random number; generating
a single random number is simply much more ecient. If p0 varies, it is necessary that dt be
small enough that the change in p0 over the interval be small. Limiting dt to be less than max_dt
accomplishes this. In fact, if max_dt is made small enough, the traverse() algorithm reduces to
the less ecient \very small dt" technique. However, with the traverse() algorithm, it is only
necessary that max_dt be small compared to the size scale of uctuations in p0, so max_dt does not
have to be small compared to 1=p0, which is a good thing since p0 can be extremely large in some
locations in the interaction region of experiments involving non-linear QED processes. That this
approach gives the correct answers can be demonstrated by considering the probability for an exponential random variable with mean 1=p0 to exceed max_dt, which is exp(,max dt  p0). Therefore,
the probability for traverse() to propagate the particle over M steps without scattering will be
exp(,max dt  p0[step 0])  exp(,Rmax dt  p0[step 1])    exp(,max dt  p0[step M-1]), which
is a good approximation to exp(, dt p(t)) if max_dt is small compared only to the size scale of
variations in p0. This is the correct result.
Having sketched the broad outlines of the code, the following subsections are devoted to the intricacies of calculating the nonlinear Compton and Breit-Wheeler cross-sections, generating lookup
tables, using these lookup tables in the Laser class's scatt_prob_0() and scatter() functions,
and collecting the results in some useful way.

2.2.2 Calculation of scattering probabilities
Four functions are used to calculate scattering probabilities: mcompton(), mbreitwheeler(),
mcomptonlin(), and mbreitwheelerlin(). Each accepted 4 parameters, the rst two specifying
the scattering to occur by number of photons absorbed and the nal-state kinematic parameter,
and the second two specifying the conditions of the interaction by  and x0  2(kp)=m2 , where p is
the 4-momentum of the electron or photon in the initial state. The nal state kinematic parameter
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Particle::traverse
energy below cutoff?
n

y

DONE
select weight for children according to generation

time prior to final time and weight above cutoff?
n

y

if current weight is less than provisional children weight, reduce provisional child weight
call scatt_prob_0() for field being traversed to get Wtot,
the total scattering probability per unit time

generate exponential random number with mean 1/Wtot
is step larger than maximum?
n

y

truncate step
advance position and time counter

advance position and time counter
call scatter() of field being traversed to create new particles
for each new particle, recurse into traverse();
log the new particle when it’s done traversing the field

DONE

Figure 2.6: Flow chart showing the implementation of the traverse() routine.
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was expressed in terms of x0 , de ned as

for Compton,
x0  u u
max;n
x0  u u , 1, 1 for Breit-Wheeler.
max;n

(2.14)
(2.15)

Note 0  x0  1.
The functions return a normalized, invariant, dimensionless number, which can be converted to
the probability per unit time of scattering into a nal state between x0 and x0 + dx0 by multiplying
the return value by the quantity e2 m2 N=(8q0 ), where e is the electron charge, m is the electron
mass, N is the incident particle density in the reference frame of interest, and q0 is the incident
particle total energy, including the transverse kinetic energy in the case of an electron, i.e., it is the
energy component of the quasi-momentum in the case of a charged particle, and simply the energy
for a neutral particle.
The de nitions of x0 given above were originally chosen to improve the performance of the
event generation algorithm (described below) by attening the di erential probability over the
range of x0 . It turns out that x  (kk0 )=(kp) would have been a superior choice, where p is the
incident particle 4-momentum and k0 is the nal state 4-momentum of a chosen particle. Not only
would using x instead of x0 result in a atter probability spectrum, improving the eciency of the
random event generator, the return values of the normalized, invariant functions would be more
physically-meaningful, since as discussed previously, dx would represent a constant amount of the
nal-state phase space at all x: the normalized, invariant di erential scattering functions would
re ect only the matrix element (dynamics), and kinematics would be entirely contained in x and
the normalization factor. However, the performance obtained by using x0 is adequate, and it was
deemed not worth the e ort to re-code these routines and the code that calls them.

2.2.3 Generation and use of probability look-up tables

The functions mcompton(), mbreitwheeler(), mcomptonlin(), and mbreitwheelerlin() are
not used directly in the Laser class's scatt_prob_0() and scatter() functions. Instead, a preprocessor is used to generate look-up tables for the following:
1. Wtot (; x0 ), the total scattering rate as a function of  and x0 ;
2. Pn (n0 j; x0 ), the probability of an event having a number of absorbed photons n  n0 , given
 and x0 ; and,
3. Fx,0 1 (yjn; ; x0 ), the inverse probability distribution functions in x0 given n;  and x0 .
Again, this approach is similar to that used in EGS4[32], which also uses a combination of a preprocessor to generate look-up tables and a separate Monte Carlo program that uses the tables to
generate events quickly.
The use of the rst of these tabulated functions, Wtot (; x0 ), should be obvious: this is exactly
the value scatt_prob_0() is supposed to return. All scatt_prob_0() need do is calculate  and
x0 for the particle's current time and position within the laser pulse, and look up the appropriate
value in the table.
The second two tables are used by scatter(), the event generator. Since scatt_prob_0()
returns the exact probability of event occurrence, there is no need for scatter() to correct the
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probability by the rejection method, and all it has to do is chose the values of n and x0 for the
event. Note that the values of  and x0 have already been calculated by scatt_prob_0() at the
time scatter() is called.
Note that Pn (n0 j; x0 ) , Pn (n0 + 1j; x0 ) = pn (n0 j; x0 ), the conditional probability of an event
with exactly n0 absorbed photons. Therefore, nding a value of n is straight-forward: scatter()
obtains a uniform random number r in the range [0; 1), then nds the highest value of n0 for which
Pn(n0 j; x0 ) > r. The probability of an event with n0 photons will then be exactly pn(n0 j; x0 ), as
desired.
The use of the nal table by scatter() is perhaps the least obvious to the uninitiated, so a
brief review of the direct generation method for continuous random variables is in order.
First, the probability distribution function is de ned as [35]

Fx0 (x00 jn; ; x0 )  P (x0  x00 jn; ; x0 );

(2.16)

the probability that the random variable x0 will be less than or equal to x00 , given n; , and x0 . Thus,
there is a 50% probability of x0 having a value lower than the value x000:5 at which Fx0 (x000:5 jn; ; x0 ) =
0:5, a 10% chance of nding x000:7 < x0  x000:8 , where Fx0 (x000:7 jn; ; x0 ) = 0:7 and Fx0 (x000:8 jn; ; x0 ) =
0:8, etc. Therefore, random values of x0 can be generated with the correct distribution from uniform
random numbers y in the range [0; 1) by nding the value x00y for each r at which Fx0 (x00r jn; ; x0 ) = y:
these x00y are the random values of x0 desired. Since the probability distribution function must be
inverted to nd these values, it is ecient to have the inverse function tabulated in the rst place.
Thus, after generating n, the function scatter() obtains a uniform random number y in the
range [0; 1), then looks up the value x0 = Fx,0 1 (yjn; ; x0 ).
Having generated n and x0 , a random value for the azimuthal angle  is generated, currently
from a uniform distribution. Then scatter() creates new particles on the stack, initializing them
with momentum and other properties as strictly determined by , x0 , x0 , and n.

2.2.4 Weighting

It is neither economical nor necessary to track every individual electron in a bunch of 1010 electrons.
In the simulation, every \particle" is really a \macro-particle," a single entity representing a large
number of actual particles. The \weight" of a macro-particle is the number of actual particles it
represents. In this experiment, it so happens that no single weight is equally good for all particles.
For given experimental conditions, the laser might scatter 107 electrons by the n = 1 process, 105
by the n = 2 process, 10 electrons by the n = 4 process, and have an average pair production
probability of 0:001 per pulse, whereas the incident bunch might consist of 1010 particles. Since
results of comparable fractional accuracy are desired for each process, and since the macro-particles
in the incident bunch simply serve to sample the beam shape, it is desirable to use less-weighty
macro-particles for the higher-order processes.
Therefore, the weight of new macro-particles is determined according to their generation and
the order n. The weight of new macro-particles is always less than or equal to the weight of the
parent macro-particles. Scattering events thus appear like \ ssioning" events in the simulation:
for example, Compton scattering in the case where the initial particle has a weight of 1000 and
the daughter particles have weights of 100 is treated as the splitting of the 1000-particle macroelectron into a 100-particle macro-photon, a 100-particle recoil macro-electron, and a 900-particle
macro-electron having all the same properties as the original macro-electron. The probability of
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such an event is 10 times higher than the probability for a single electron to Compton scatter.
Renormalizing the look-up tables to account for this is straight-forward.

2.2.5 Initialization, accumulation of results, error estimation, and output

A driver routine accepts input specifying the situation to be simulated in a standard format which
is based on a C++ implementation of the Fortran \namelist" capability. This input data includes description of the laser and electron beam parameters as well as information specifying what
weighting to use, what output to generate, and where to write output.
The default behavior is to accumulate histograms of the nal energies of each type of particle:
electron, photon, and positron. The histogram bins contain the sum of the weights of all macroparticles of the given type and energy. In order to estimate errors, a second set of histograms is
accumulated with the sum of the squares of the weights of the macro-particles. From these two
histograms, the average weight and e ective number of macro-particles can be calculated for each
bin, from which the likely statistical error can be estimated.
All output is written to human-readable text les, for ease of processing.

2.3 Tests and comparisons to validate results
The predictions of MCSCAT have been carefully compared with those of NUMINT, and found to be
in agreement. Each of the laser focal parameters (area, pulse length, and pulse energy) were scanned
while the others were held at their \standard" values, and the total number of scatters by each
process at each n were compared, as well as the total count of electrons in three di erent momentum
ranges (chosen to correspond roughly with the Cherenkov monitor acceptances [Chapter 4]), and
the width and peak momentum of the positron distribution.
The agreement between the two completely di erent simulations suggests that each is working
correctly and that each gives valid results. In the nal analysis, the numerical intergration was
quicker and easier to use, and the special capabilities of the Monte Carlo were not needed, so the
look-up tables generated by NUMINT were generally used for comparing experiment to theory.

Chapter 3

Electron beam diagnostics and
controls, and more
Synopsis

The electron beam layout and diagnostic instrumentation are described in detail. Some
important detectors not necessarily or exclusively used for beam diagnosis but read out by the
same data acquisition subsystem are also described.

3.1 Beamline
The E-144 experiment took place in the Final Focus Test Beam (FFTB)[19, 20], the central beamline
at the end of the two-mile-long Stanford linear accelerator. The raison d'^etre of this beam facility
is to demonstrate the demagni cation of the linear accelerator beam by a factor of 300 or more,
for purposes of Next Linear Collider (NLC) accelerator research and development. However, this
primary purpose was largely of no signi cance to E-144. At the inception of the experiment,
the FFTB was the only soon-to-be-available beamline capable of accepting the highest energy
electrons the accelerator could produce.1 This and E-144's relevance to di erent aspects of NLC
design motivated the choice of FFTB for E-144. The decision to conduct E-144 at FFTB was made
prior to the construction of the FFTB, and allowances were made in the FFTB design to make it
as compatible with E-144 as reasonably achievable.
The layout and use of the beamline is described in detail below.

3.1.1 Layout

The FFTB has a complex arrangement of rst- and second-order beam optics to bring the beam
to a tight focus in the FFTB's primary focal region. The minimum attainable transverse spot size
is proportional to the square root of the longitudinal length of the focus,  , and so the beamline
is designed to make  very small in the focal region. (Speci c numbers will be given later.) This
translates into large angular divergence of the beam after the focal region. Five quadrupoles after
the focal region refocus the beam to achieve manageable angular divergence and  . The E-144
experimental region2 is downstream of these nal quadrupoles. From a beam optics viewpoint, the
1 A few years later, the A-line 46.6-GeV upgrade extended another beamline's maximum energy to the required
levels, but other aspects of the A-line would have been less suitable than E-144.
2 Insensitively referred to as \the dump line" in most FFTB documentation.
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E-144 region is essentially a 45-m-long drift space with some dipole bending magnets. Fig. 3.1 is a
block diagram of the FFTB beam optic system.

3.1.2 Beam optics
The FFTB apertures and optics are designed for a linear-collider style \ at" electron beam, meaning
that the vertical emittance (y ) is an order of magnitude smaller than the horizontal emittance (x ):
generally, y . 3  10,11 m-radian and xp. 3  10,10 m-radian. In the absence of higher-order
aberrations, the spot size is given by  = , where y is as small as 0.1 mm at the FFTB focal
point when seeking the smallest spots, and typically 10 or 100 mm during FFTB alignment; x is
typically 10 mm.
Smaller spots at the FFTB focal point translate into larger spots at the E-144 interaction point
(IP1) and larger spots in the nal doublet quadrupoles. For low-n studies, a large electron beam
at IP1 was desired to reduce the electron beam density and thus lower the rate, extending the
range of laser intensity that could be scanned. The FFTB \small spot" con guration would seem
to be ideal at rst glance, but this con guration tends to have high backgrounds due to the large
beam sizes upstream, particularly in the nal doublet. In order to minimize backgrounds, the
match into the nal quadrupoles was adjusted to keep the beam size in the quadrupoles smaller
than would be the case during normal FFTB operation; e ectively, the beam waist was moved
upstream from the focal point to be nearly inside the doublet itself; the \dump line" quadrupoles
were also adjusted to minimize the divergence of the beam at IP1 and to further increase the beam
size at IP1 while keeping backgrounds under control.3 Spot sizes as large as 100 m vertically
and 200 m horizontally were achieved in this way. For later studies of high-n processes, including
positron production, a high rate was desired, and therefore the smallest possible spot at IP1. For
this purpose, a more conventional high-  con guration, such as used for FFTB alignment, was
adapted, with the optical match adjusted to move the primary waist downstream towards the
\dump line" quadrupoles, forming a secondary waist at IP1.4 The modest value of  at the FFTB
focal point kept beam sizes comfortable throughout the beamline, resulting in low backgrounds.
Spot sizes as small as 30  in each dimension were achieved in this way.

3.1.3 Beam size measurements: transverse and longitudinal
Wires are used to measure the transverse beam size in the FFTB[36]. Most of these are \ ip type"
wires, in which a horizontal, vertical, or diagonal wire is inserted in the beamline and the beam is
scanned across it to measure the pro le of the beam along a given dimension. A microcomputer in
the SLC control system adjusts one or more dipole steering corrector(s) to de ect the beam while
acquiring data from beam position monitors and various scattered particle detectors such as fast
ion chambers and photomultiplier tubes attached to scintillators or gas Cherenkov monitors. \Step
type" wires actually move across the beam, and detector signals are analyzed as function of wire
position. A set of three wires were mounted on a movable fork in the IP1 box. Their position was
controlled by an E-144 data acquisition computer, and they could be used either as \ ip type"
wires, scanned by the SLC control system, or as \step type" wires, scanned by the E-144 data
acquisition system.
3 The work of Peter Tennenbaum in devising this solution is gratefully acknowledged.
4 Thomas Ko as developed this solution, with help from Jim Spencer.
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Figure 3.1: Block diagram of the FFTB beamline.
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The energy spread of the beam is measured using a scanning wire near the beam dump, where
the correlation between electron position and energy is high due to the action of the hard dipole
bends upstream. A phosphor screen mounted at the entrance to the dump also provided an instantaneous, visual representation of the beam energy and energy spread.
The longitudinal bunch length was estimated from the setting of the compressor klystron in
the north-damping-ring-to-linac (NRTL) transport line, making use of the relationship between
compressor setting and bunch length as determined by Holtzapple[21].

3.1.4 Synchrotron light management

Synchrotron light is emitted by any charged particle moving in a magnetic eld, and can become a
signi cant contribution to background noise when the total energy radiated is large and the energy
of the photons exceeds the lower threshold of the detector in question. The largest single generators
of synchrotron light from the primary beam are the E-144 primary spectrometer dipole magnets
(also known as \dump line safety magnets" or B06A-F), each of which is 94.4 cm long and bends the
46.6-GeV beam downward by 2.72 mr, equivalent to a transverse kick of 127 MeV/c, or a bending
radius of 347 m. Softer bends, labeled B04A, B05A, B05B, and B04B in Fig. 3.1, are each 1 m
long, and bend the beam 515 r, 64 r, 64 r, and 429 r, respectively. The critical synchrotron
photon energy is[37, 38]
~!c

3
= 3 2R~c
' (2:22keV) (E [GeV])3=(R[m]);

(3.1)
(3.2)

where E is the energy of the beam and R is the bending radius. Speci c values of ~!c are 650 keV
for the hard bends, 120 keV for the 515 r soft bend, 100 keV for the p
429 r soft bend, and 20 keV
for the 65 r very soft bends. The average energy per photon is 8=15 3 ' 0:308 times the critical
energy. The mean number of photons emitted per radian of bend while traversing a magnet is
dN = p5
(3.3)
d
2 3
' 20:6 (E [GeV]);
(3.4)
where  is the bending angle and pk is the transverse kick of the magnet: about 1 photon per
milliradian per electron for the 46.6-GeV electron beam. Since the electron beam typically contains
7  109 electrons per pulse, a very large ux of hard x-rays and soft -rays is generated in the
hard bends. The arrangement of very soft and soft bends around IP1 keeps the synchrotron
light spectrum relatively soft in the forward photon line, reducing synchrotron light backgrounds
greatly. The upstream soft bends also helped separate the E-144 photons from photons generated
by interactions upstream, including synchrotron radiation from the strong nal doublet quadrupoles
and bremsstrahlung by beam tails.
Two xed tungsten collimators in the forward photon line further reduced backgrounds[39].
The rst collimator (COL1) had a square aperture 5.6 mm on each side, and was located 23 m
downstream of IP1; the second collimator (COL2) had a square aperture 9.0 mm on each side,
and was located 33 m downstream of IP1, half a meter upstream of the converter foil. This dual
collimator system was arranged so that both direct and singly-scattered x-rays would have a clear
path from COL1 to a point at least as far downstream as the inside wall of a 0.5-inch vacuum pipe.
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This narrow downstream pipe, and the lead stacked around it, served to protect the CCDs against
particles backscattered from or produced at the electron or photon beam dumps. Four scintillators
arranged around the downstream pipe provided information regarding beam loss, aiding alignment
and steering of the photon beam. Fig. 3.2 shows the arrangement of collimators, scintillators, and
beam pipes, and the trajectories of photons from various sources.

3.1.5 Ground motion
The SLAC two-mile accelerator rests on stable Miocene- and Eocene-era sandstone[40, 41], which
allows it to maintain good alignment of all components in all seasons under normal conditions, as
well as to withstand local, occasionally severe seismic activity. However, the FFTB is located in
the space originally allocated to the \C-line," an area once used for smaller-scale experiments than
those conducted in the massive A and B end-stations, and later used as a storage area and parking
lot. Beamline components in this area were not anchored to bedrock. Laser-based measurements
of the position of a marker on the pavement made prior to construction of the FFTB showed
diurnal variations of up to a millimeter [20], which would be disasterous for FFTB aligment. To
address this problem, piers were sunk to the bedrock to secure all critical components of the FFTB
beamline: this included all beam position monitors (BPMs) and all magnets except the \dump
line" quadrupoles and permanent dipole safety magnets, plus the entire FFTB focal point, but not
IP1. Additionally, the concrete apron (former parking lot) was \ ayed" using a saw, separating
the concrete into independent islands resting on the soil or rubble below, expanding and hopefully
contracting more-or-less in place. The permanent magnets and IP1 were fastened to the concrete
oor inside the FFTB tunnel.
The upstream end of the rst permanent bend magnet came within inches of a structure
mounted on the pier for BPM 6130, just downstream of IP1. In order to gauge the motion of
objects fastened to the oor relative to those on xed piers, a Heidenhein precision position transducer (model MT60k) was borrowed from the SLC beam diagnostics group and arranged to measure
relative displacement of the two structures in either the vertical (Y) or horizontal transverse (X)
dimension. Fig. 3.3 shows the history of positions measured over several days in January 1995.
Each data point is the average of 100 measurements taken successively; the rms uctuation of the
measurements was 50 nm when the transducer was mounted horizontally and 20 nm when mounted
vertically, so the mean has a statistical precision of better than 5 nm. The resolution of the transducer is 50 nm, and the systematic accuracy is claimed to be better than the resolution over the
entire range of the transducer. Data was taken rst with the transducer vertically positioned, then
horizontally. The abrupt breaks and return to zero in the data are due to restarting of the data
acquisition system. The ground positions clearly do not follow a diurnal cycle. Noting that the
data was taken during a time of sunny weather after a long period of rain, one speculation is that
the pavement motion is governed by hydrologic activity between the bedrock and cement.

3.1.6 Movers
There are two basic types of positioning devices known to the SLC control system: ordinary stepping
motor devices, in which position is linearly related to number of steps taken, and \FFTB magnet
movers," [42] specially designed and commissioned for the FFTB. In addition, there are a number
of movable things speci c to the E-144 experiment which were manually controlled or controlled
by the E-144 data acquisition system.
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Figure 3.2: Arrangement of collimators and other objects in the forward photon line, and the
trajectories of photons from various sources.
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Figure 3.5: The IP1 \ ag," a multi-purpose beam diagnostic device.
Every quadrupole and sextupole magnet on the FFTB beamline (with the exception of the last
four of the ve \dump line" quadrupoles) is mounted on a FFTB magnet mover. Each FFTB
magnet mover consists of three elliptical cams supporting a platform as shown in Fig. 3.4, allowing
the magnets to be moved in the vertical and horizontal transverse dimensions and rolled about
the longitudinal axis. The actual position of the magnet is measured using three \linear voltage
displacement transducers" (LVDTs). The complicated transformation between desired magnet
position and cam rotation is managed by specialized software in the SLC control system [42].
The IP1 box is mounted on a FFTB magnet mover, allowing the laser focus to be scanned
transversely across the electron beam. This was critical in maintaining the overlap of the two
beams, due to the ground motion described above, and was also useful in performing xt raster scans,
which demonstrate the nonlinear nature of the n > 1 signal and help identify n = 1 contamination
of the detectors intended to monitor the n > 1 signal.
The electron calorimeter (ECAL) was mounted on a conventional stepping motor stage controlled by the SLC control system. This was used to perform ECAL scans and to position the
ECAL below saturation for xed-ECAL-position runs.
The control of these two devices from the E-144 data acquisition system was accomplished by
the E-144-to-SLC interface described below.
A remotely-positionable \ ag" inside the IP1 box contained a number of diagnostic devices on a
single fork, including a thin aluminum foil used for generation of a stable bremsstrahlung beam used
during photon beam steering and detector calibration, an array of three wires used to measure beam
sizes via scans as described above, and a phosphor-coated screen used to view the beam pro le and
rough position relative to the laser. (See Fig. 3.5.) A video camera allowed the ag to be viewed
remotely. The coarse vertical position of the ag was adjustable by a manually-controlled DC
motor. The ne position of the ag could be adjusted either manually or under direct control of
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the E-144 data acquisition via three stepping motors arranged to position the ag in the transverse
and longitudinal dimensions. The longitudinal position of the wire array was adjusted such that
a wire could fully block the alignment laser, indicating it was near the focal point. (The terawatt
laser would have melted the wire.) Proper longitudinal positioning was necessary to ensure the
vertically-oriented wire (used to measure the horizontal position and pro le) would measure the
correct relative o set between the laser and electron beams.
Other movable things in the E-144 experimental area include the Cherenkov monitor CCM1,
which could be remotely inserted into or removed from the beamline, various lters and radiators
in each Cherenkov monitor, and the CCDs and the photon converter foil as described elsewhere.
Although not located on the FFTB beamline, it is also worth mentioning that the timing of the
laser relative to the electron beam could be adjusted by the E-144 data acquisition system using a
stepping motor which controlled the length of an optical trombone located in the laser's path prior
to the interaction point.

3.2 Beam diagnostics and other data acquired by the \Beam computer"
One of the Intel i486-based, industry-standard-architecture-bus (\IBM-PC-compatible") front-end
computers in the E-144 data acquisition system was able to control a CAMAC crate via a National
Instruments peripheral card, and was able to communicate over a serial interface with the SLC
control system main computer. This E-144 front-end computer was called the \Beam computer,"
which is somewhat of an incomplete label since Cherenkov detectors used to measure products of
the laser-electron interaction were among the data acquired by from the CAMAC crate. All of
the data acquired from modules in the CAMAC crate are described below, after which the serial
connection protocol is described and the data acquired and devices controlled by that mechanism
are listed.

3.2.1 Timing system and trigger word

As described in the Overview[Chapter 1], the pattern of events acquired was irregular: three events
were acquired in every two seconds, separated by intervals of 1600 ms, 200 ms, 200 ms, synchronized
with the accelerator, with the laser ring on the event preceding the long interval. Once every
6300 ms, the electron beam would be stopped well upstream of the FFTB; thus, in every 126
seconds, three events would be acquired with no electron beam present: one with the laser ring
and two with no laser. This allowed signal, electron-beam backgrounds, laser-only pedestals, and
baseline pedestals to be monitored continuously throughout every run.
An SLC programmable delay unit (PDU) module was con gured to generate triggers for the
experiment synchronized with the accelerator. Most of the PDU's 16 output channels went to gates
on detectors, and these were programmed with the peculiar 1.6 s, 0.2 s, 0.2 s pattern. A few went
to diagnostic devices which only acquired data on laser shots, i.e., the laser diagnostics and the
CCD spectrometer, and were therefore programmed to only re on the beam pulses immediately
preceding the 1.6 s interval. One was specially programmed to re only on the \pedestal" pulses,
when the beam was stopped far upstream. These triggers relied on proper operation of the local
SLC microcomputer and the global pattern and timing systems.
In order to provide security against under- or over-triggering of the laser due to malfunction
or operator error, the laser was not red from a trigger programmed as above, but was instead
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triggered by a signal derived PDU channel con gured as a \base rate" trigger. Such triggers are
uninterruptable by normal control system functions and, once initialized, operate independently
of the host microcomputer, requiring only the master timing signal to operate properly, and no
global pattern information, but unfortunately, the PDU hardware limits the minimum rate of base
rate triggers to 10 Hz. The base rate trigger was divided down to a 0.5 Hz using a divide-by-10
and a divide-by-2 counter. The \Beam computer" was able to reset the divide-by-10 counter by
strobing an output line on its parallel printer port; by this means, the 0.5 Hz laser trigger could
be synchronized with the triggers intended for laser data collection, i.e., the triggers preceding the
1.6 s interval.
In order to tag each event according to laser-on, laser-o , electron-beam-on, electron-beam-o ,
etc., and to con rm proper synchronization of the laser with the data acquisition triggers, a latching
trigger register module was installed in the CAMAC crate, and the status of three triggers was
acquired on every event. The three triggers were the 0.5-Hz trigger for the data acquisition system
(bit 0), the upstream pedestal trigger (bit 1), and a pulse returned from the laser room indicating
actual ring of the laser (bit 2). The module was gated by the 1.5-Hz event trigger. Thus, the most
common trigger code was 0, indicating electron beam on and laser o ; the second most common
code was 5, indicating both electrons and laser were present; 2 and 7 indicated laser-o and laser-on
pedestal pulses, respectively; and any other code indicated gross missynchronization of the laser.

3.2.2 Toroid charge monitor

No beam charge measuring device was installed in the FFTB beamline speci cally for the purpose
of monitoring the beam charge for this (or any) experiment. Each beam position monitor (BPM)
provides an \intensity" signal (TMIT) to the SLC control system along with the beam position
information, but BPMs are not primarily intended to measure absolute beam charge. The only
other devices in the FFTB beamline capable of measuring beam charge were the Beam Containment
System (BCS) toroid charge monitors designated I6 and I7. Since the BCS is a critical safety system,
it seems reasonable to assume it would provide generally reliable charge measurements. The BCS
group was kind enough to provide E-144 with processed toroid charge monitor signals from spare
fan-out ports located in the beam containment electronics racks in the Main Control Center (MCC).
This was the primary way charge was monitored during the experiment.
There are also toroids in the linac and North Ring-To-Linac transport lines, which are not BCS
toroids but are read out by electronics designed especially for the SLC. These toroids are believed
to be generally trustworthy, in some sense. Although a pedigree for their calibration can generally
not be obtained, they are used to estimate the luminosity for SLC, which is very often within 10%
of the luminosity actually observed by the SLD detector.5 Upstream SLC toroids of this type were
used to provide the absolute calibration scale of I6 and I7 prior to August 1996.
The BCS toroid charge monitor system is shown in Fig. 3.6. Toroid I6 is located in the Beam
Switchyard (BSY), immediately upstream of the FFTB; toroid I7 is located near the end of the
FFTB, about 1 meter below and 2 meters downstream of the CCD's, or 2 meters upstream of
the dump. All BCS signals originate from or return to the Main Control Center (MCC). Each
toroid has a one-turn calibration winding, connected on one end to the toroid housing and ground,
and on the other to the center conductor of a standard coax connector. One or more calibration
pulses are sent 360 times a second to each toroid's calibration winding to test system integrity,
5 They have also historically been the source of the beam charge numbers quoted by operators when safety ocers

use beam-induced signals to set trip points on BCS devices.
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Figure 3.6: Diagram of the Beam Containment Toroid Charge Monitor System
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Table 3.1: Toroid calibration data.
Date
March 1995
December 1995
August 1996

Toro.
I6 (only)
both
I7
I6

k

12:28  106
' 11  106
32:50  106
71:09  106

0.900
' 1:0
0.894
0.894

but these calibration pulses are removed a couple of milliseconds from beam time and cause no
interference. Additional signals can be injected into the calibration circuit through a front-panel
connector on each fan-in module in MCC. The primary windings on the toroid are not connected
to ground. The signal from each toroid is connected via twin-axial cable to a nearby preampli er.
The preampli ed signal returns to MCC, again by balanced feed of a twin-axial cable, where it is
processed and ampli ed and split by one or more fan-out modules. The output of each fan-out
module also is to twin-axial cable. The BCS group identi ed spare fan-out ports for the I6 and I7
toroid signals and connected the balanced outputs to twisted pairs in a standard wiring trunk such
as might be used for a telephone system. This trunk is generally intended for carrying DC signals
from BCS interlocks to and from building 406, adjacent to the E144 counting house in building
407, but the signal quality as received at building 406 was surprisingly good. In building 406, the
signal was processed by an inverting transformer to help remove common-mode noise, and then
taken via standard RG-58 coax to building 407, where it was attenuated and fed into a standard
LeCroy 2249A gated analog-to-digital converter (GADC) module in the CAMAC crate controlled
by the \Beam computer." A single 2.5 s gate was used to capture the entire pulse from both
signals.
The system was calibrated in two ways. Prior to August 1996, the best calibration came from
a two-step process in which non-linearities in the electronics were measured using signals injected
into the fan-ins in MCC, an appropriate correction was applied to the toroid signals recorded
by the E144 data acquisition system, and the average of the corrected signals recorded by E144
was compared to the average of the charges recorded by upstream SLC toroids.[43] In August
1996, at the start of the seven-month downtime that immediately followed the nal E-144 run,
the I7 calibration cable was temporarily disconnected from the I7 toroid, and a 68-nsec long pulse
containing 1-nC of charge was directly injected into the calibration winding. Knowing that the
calibration winding is a single turn and that the primary winding has 10 turns,[41, 44] the absolute
calibration was then easily determined for I7, and the calibration for I6 could be determined from
data recorded when beam losses between I6 and I7 were known to be low.
The calibration curves t the form
Q = k(C , C0 ) ;
(3.5)
where Q is the bunch population in particles/pulse, C is the number of raw ADC counts, C0 is the
reading of the toroid with no beam present, and k and are constants.

3.2.3 Beam parameters feedback data

A standard SLC beam steering feedback[45] was implemented to monitor and correct the position,
angle, and energy of the beam. The feedback states were calculated to re ect these properties of
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the beam at IP1. To measure the beam states, the feedback used bedrock-mounted beam position
monitors (BPMs) downstream of the last quadrupole: one immediately upstream of the rst soft
bend, one immediately downstream of the last soft bend, and two downstream of the hard bends.
These BPM locations resulted in a very simple measurement-to-state matrix, with no dependence
on any quadrupole settings, so the beam trajectory states were extremely reliable. Dipole steering
magnets were controlled by the feedback to maintain a standard reference trajectory. The energy
of the beam was regulated by a separate feedback by adjusting klystrons in the last sectors of
the linac, but the energy of the beam was independently monitored by the E-144 beam parameter
feedback.
In addition to regulating and monitoring the electron beam, the feedback copied the computed
state values to registers in a digital-to-analog converter (DAC) in an SLC CAMAC crate within 8
msec after every beam pulse. These analog signals were read out by the Beam computer LeCroy
2249A gated analog-to-digital converter (GADC) in the E-144 CAMAC crate on every pulse; the
average levels of these signals were also monitored by a smart analog monitor (SAM) module.
Additionally, the beam phase cavity immediately downstream of IP1 was monitored by this
feedback, yielding information on timing of the beam relative to the radio-frequency reference used
to synchronize the laser, and the position of the beam inside a specially-built BPM inside the IP1
box itself was also read out by the feedback. These signals were not used to control any device,
but average states for each were computed and stored in the SLC history bu ers as well as being
available on-line and through the E-144-to-SLC interface.
Thus, miscellaneous information was gathered, the beam trajectory was stabilized, and most
importantly, beam trajectory information was acquired into the E-144 data stream on every pulse.

3.2.4 Miscellaneous counters read by the Beam computer
A number of particle detectors were read out by the \Beam" computer. Most important of these
were the Cherenkov monitors6 : CCM1, CCM2, EC37, EC31, N2MO, and N3MO. The Cherenkov
monitors played a crucial role in measuring the total Compton photon rate and estimating the
laser focal parameters, as described elsewhere[Chapter 1, Chapter 4, Chapter 5]. They were read
out using GADCs in the CAMAC crate controlled by the \Beam" computer.
Other detectors read out in similar fashion include miscellaneous and experimental single-wafer
silicon pads (intended to measure such things as the total beam charge, the n = 1 and n = 2 rate,
and backgrounds in various places, but mostly seeing only low-energy backgrounds everywhere)
and the four scintillators around the beampipe downstream of the CCD spectrometer.

3.2.5 Beam polarization readout

The SLC injector, which also supplies beam for FFTB and E-144, produces a polarized electron
beam, ipping between left and right polarization randomly on every pulse. The state of the
polarization is communicated on every pulse via a special carrier on the SLC cable network, and
can be read out using a special CAMAC module. One early project of E-144 was to measure
the SLC beam polarization [46], and there was signi cant interest in the possible e ects of beam
polarization on physics processes in E-144 [3]. For this reason, a PMON module was installed in
the E-144 CAMAC crate and the Beam computer was programmed to read its state continuously
and to write the polarization state to the E-144 data stream for beam pulses acquired as E-144
6 These were generically referred to as \Clive's Cherenkov monitors," after their creator, R. Clive Field.
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Table 3.2: DC signals acquired by the Beam computer.
Channel

Description

tolerances
absolute [ADC Volts]
0 IP1 ROT POT 1 FFTB mover cam potentiometer .005
1 IP1 ROT POT 2 FFTB mover cam potentiometer .005
2 IP1 ROT POT 3 FFTB mover cam potentiometer .005
3 CCM1 HV
Cherenkov mon. high voltage
.001
4 CCM2 HV
Cherenkov mon. high voltage
.001
5 THEO PHASE
Phase detector signal
.001
6 ECAL POS POT ECAL mover potentiometer
.001
7 BEAM ENERGY Beam feedback state
20
8 BEAM YPOS
Beam feedback state
20
9 BEAM YANG
Beam feedback state
20
10 BEAM XPOS
Beam feedback state
20
Beam feedback state
20
11 BEAM XANG
20
12 BEAM PHASE Beam feedback state
13 GC0D HV
Cherenk. mon. high voltage
.001
14 EC31 HV
Cherenk. mon. high voltage
.001
Cherenk. mon. high voltage
.001
15 EC37 HV

relative
.001
.001
.001
.005
.005
.001
.005
20
20
20
20
20
20
.005
.005
.005

events.7 The data acquired included the state of the polarization, information on the status of the
polarized source system, a check sum, and a 32-bit beam pulse identi cation code.

3.2.6 Miscellaneous DC signals
An SLC \smart analog monitor" (SAM) module[47] was installed in the E-144 CAMAC crate.
This ingenious module combines a precision voltage reference, a 12-bit ADC, an internal 4-bit
DAC, a 32-channel input multiplexer, and a programmable gain instrumentation ampli er with an
on-board microcontroller to create a device capable of monitoring DC voltage and 60-Hz ripple on
32 channels, with 14 bits of oating-point precision over a range as large as 10:24 V with 0.6 mV
resolution, or as small as 10 mV with 0:6 V resolution.8
The E-144 SAM was used to read out a number of important DC signals, as listed in Table 3.2.
A SAM data record was written to the E-144 data stream at the start of each run, and updated
only when a channel varied by more than a speci ed tolerance from its last reported value.
Perhaps the most important voltages monitored by this device were the high voltages on the
Cherenkov monitor photomultiplier tubes, since voltage has a dramatic e ect on a tube's gain.
Another channel monitored the output of a heterodyne mixer comparing the phase of the laser
oscillator with the linac reference frequency[25], and still other channels provided redundant means
of monitoring the ECAL and IP1 positions and the average feedback states.
7 The programming in support of the PMON module was done by Christian Bula.
8 I think SAMs are just great, in case you couldn't tell.
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In general, many things known to the SLC control system are also of interest to the experiments
to which SLC delivers beam, and many things that SLC controls over which experiments would
like to have direct control. The feedback states are examples of data desired by E-144, and since
the data was desired on a pulse-by-pulse basis, the DAC-to-GADC connection described above was
implemented. However, it would be inconvenient and uneconomical to implement such connections
for every piece of SLC data desired, and entirely unnecessary if such data varies slowly. Furthermore,
due to the architecture of the SLC control system, it would be extremely awkward to implement
experimenter control over SLC devices through such a means. A direct connection between the
E-144 control system and the SLC control system master computer (MCC VAX) was required.
Such a connection was implemented by writing a program to be run on the MCC VAX that
accepted speci ed messages from a terminal (TTY) port and responded either by providing information as requested or by controlling a device as directed. This program was called E144DAQ. The
Beam computer's serial port was connected to a TTY port on the MCC VAX. Whenever the Beam
computer front-end program was initialized or information was requested from the terminal, it
would check to see if the E144DAQ program was running by sending a standard query to the serial
port: if the E144DAQ program was not running on MCC VAX, a terminal emulator was started and
the E-144 operator was prompted to log into MCC (if necessary) and start E144DAQ, after which
the Beam computer would resume normal operation.
To guard against unintended actions, only speci c functionality was implemented in E144DAQ,
as opposed to creating a general-purpose command-line interface to the control system. As an
additional guard against garbled communications, a strict protocol was implemented for communication between the Beam computer and the E144DAQ program: every message from the Beam
computer to the MCC VAX consisted of a single line of form
E2S n keyword data
where the 3-character string E2S identi ed the line as a message from E-144 to the SLC control
system, n was a 1-digit checksum, keyword was replaced by a 4-character command code, and data
was additional data speci c to the command. Responses from the E144DAQ program to the Beam
computer consisted of lines of the form
S2E n keyword data
where the 3-character string S2E identi ed the line as a message from the SLC control system to
E-144, n was again a 1-digit checksum, keyword was a 4-character response code, and data was
additional data speci c to the response. In practice, the terminal connection was error-free: since
the system was implemented in February 1995, not a single garbled message was detected on either
end.
The E144DAQ slept while awaiting input from the terminal, and therefore did not load the MCC
VAX signi cantly. Since E144DAQ \spoke only when spoken to," the Beam computer sent an update
request once every minute or so during data acquisition; however, the Beam computer accepted
update responses asynchronously, so slow control system response did not normally a ect the speed
of the E-144 data acquisition. A record of this data was sent to the E-144 data stream only when
a parameter had changed signi cantly. Although no autonomous responses were generated by
E144DAQ per se, broadcast and process-speci c messages from the SLC control system were written
to the terminal and therefore appeared in the Beam computer's serial port bu er: such messages

Electron beam devices and more

71

Table 3.3: Messages exchanged between Beam computer (E-144) and E144DAQ program on MCC
VAX (SLC control system). Items in parenthesis are replaced by the numeric or text data as
described.  See Table 3.4 for de nition of data indices used in UPDT response.
Command (E2S)
Response (S2E)
CONN
CACK 12345
STRT (run no.) (run type) (updates using UPDT code, terminated by SROK code)
SROK (run no.)
ENDR
(no response)
UPDT
UPDT (data index ) (data)
(repeated as needed)
BOXx (setting in m)
BXAK (m)
[where x is either X or Y BXDN ( nal x, m) ( nal y, m) ( nal roll, m) (status)
ECAL (setting in mm)
ECAK (mm)
ECDN (mm) (status)
Table 3.4: De nition of data indices used by UPDT response.
index data returned
1
(IP1 x position, m) (IP1 y position, m) (IP1 roll, r)
(FFTB mover control process status, 4 characters)
(MCC VAX system time, seconds since 00:00 Jan 1, 1970)
2
(CCD magnet current, Amperes) (ECAL position, mm)
(FFTB magnet control job status, 4 characters)
3
(LTR spin rotator strength, kG-m) (RTL spin rotator strength, kG-m)
(linac spin rotator solenoid strength, kG-m)
4
(feedback \hardware" status, hexadecimal)
(feedback \software" status, hexadecimal)
were simply printed verbatim to the Beam computer's console, giving the E-144 operator additional
information about the functioning of the SLC control system.
The commands and responses implemented are summarized in Table 3.3. They included commands to indicate start and end of run, information which was sent to the SLC log le and recorded
in an SLC history bu er; commands to query the status of many things as noted in Table 3.4; and
commands to change the positions of the IP1 box and ECAL. These last commands were used to
implement focal position scans and ECAL position scans.
In all respects, the E-144 to SLC interface via the terminal connection worked fantastically well,
providing a low-cost solution to the need to negotiate complex transactions that could be completed
at a leisurely pace, and signi cantly expanding the range of capabilities of the experiment.

Chapter 4

Cross-calibration of E-144 Cherenkov
monitors with the electron
calorimeter
Synopsis

Previously-obtained calibration constants for the N2MO and N3MO detectors led to inconsistencies between our model predictions and the reported number of electrons observed by the
detectors in the data from August 1996, the rst run for which the detectors were available.
This disagreement led us to distrust the calibration constants as given by Field[31], and to
rescale those constants by large factors (about eight) when estimating the laser intensity with
\constrained ts" of the Cherenkov monitor data[6]. Here, a cross-calibration of N2MO and
N3MO with the electron calorimeter is presented. The cross-calibration gives results within a
factor of three of the original, unscaled calibration. It is further shown that no large scale factors
are required with the new calibration.

4.1 Introduction
Previously-obtained calibration constants led to inconsistencies between our model predictions and
the reported number of electrons observed by the Cherenkov detectors N2MO, N3MO, EC31, and
EC37 in the data from August 1996, the rst run for which the detectors N2MO and N3MO were
available. This disagreement led us to rescale the calibration constants by large factors: roughly a
factor of 8 for both N2MO and N3MO, and a factor of 1.6 for \linear" electron counters.[6]
Our justi cation for this rescaling was that the ECAL data from March 1995, after \reconstruction" and normalization by the total number of backscattered photons, showed substantial
agreement with the model, to within experimental uncertainties. The experimental uncertainties
in the March data were roughly 15% in  and 10% in the reconstructed ECAL signal, leading
to an overall 30% uncertainty in the normalized n = 2 data and 60% (i.e., a factor of 2) in the
normalized n = 3 data. The rescaling required for N2MO and N3MO to obtain consistency in the
August 1996 data was substantially greater than the experimental uncertainty in the March 1995
con rmation of the nonlinear Compton scattering theory, and so it was concluded that the cause
of the discrepancy must lie in the calibration of the detectors. However, the large rescaling factor
was not understood, and all of us found that disturbing.
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It should be noted that the March 1995 results were obtained with experimental parameters
somewhat di erent than in August 1996. All data in August 1996 was taken with the green,
linearly-polarized laser, at  ranging from 0.2 to 0.4 (according to the Cherenkov monitor ts).
N2MO intercepted electrons from 12.3 to 13.1 GeV/c. Our best data con rming the correctness
of the accepted theory in modeling the ux of electrons scattered o the green laser into this
momentum range comes from approximately 5000 events taken with green, circularly-polarized
laser at  from 0.02 to 0.2. (Due to manpower limitations, the data taken with linearly-polarized
green laser in March 1995 has not been as carefully studied as the circular.) We analyze N2MO
based on theory not tested by experiment. This is not necessarily an improper thing to do, since
we are still testing the overall internal consistency of the theory, but it is a point to be borne in
mind.
It should also be remembered that the agreement between simulation and experiment is not
particularly good in the March 1995 data, as discussed in a note presented at our September 9,
1996 meeting[48]. A 2 =(degree of freedom) of 141/44 was calculated for the green-circular data
which we still intend to present in the Phys. Rev. D paper.
Finally, an arbitrary shift of the Cherenkov monitor calibration rescaling factors can result
in di erent predictions for  with equally good internal consistency of the constrained ts. For
example, rescaling the \linear", N2MO, and N3MO counters by 1.6, 4.0, and 2.0, respectively,
instead of 1.6, 8.0, and 8.0, would also give internally consistent readings but increase the intensity
estimate by a factor of two.
All of these considerations and uncertainties motivated a second-look at the Cherenkov monitor
calibration, this time using actual data taken in August 1996 to cross-calibrate N2MO and N3MO
with ECAL, whose calibration is not in question.

4.2 Cross-calibration of N2MO and N3MO with ECAL
Below, the measurements of the acceptance functions of N2MO and N3MO are reviewed; a crosscalibration of N2MO, N3MO, and ECAL using a bremsstrahlung spectrum from wire scans and
PCAL \wire data" runs is presented; a direct cross-calibration of N3MO with ECAL using green
laser data is presented; and the e ect of di erent assumed acceptance functions is analyzed.

4.2.1 The acceptance of N2MO and N3MO

The primary purpose of the Cherenkov monitors is to tell us the scattering rate of electrons into
a relatively narrow range of momentum near some central momentum, i.e., dNe, =dp near 12.7
GeV/c for N2MO and near 8.9 GeV/c for N3MO. For this reason, the monitors were designed with
narrow acceptances and placed in the attest portions of the electron spectrum.
The \as-built" acceptances of the monitors were measured using test-beam momentum scan
data. Figures 4.1 and 4.2 show the data from these runs. [Runs 15017 and 15026 for N2MO and
15009 for N3MO.] The horizontal axis is test beam momentum as communicated to the E-144
DAQ through the \SAM" (Smart Analog Monitor) channel, and the vertical axis is ADC counts
per incident electron as measured by the ECAL. The data is tted to the sum of two square
apertures \smeared" by the test-beam momentum spread and vertical size. The tted acceptance
with test-beam size set to zero is also shown.
The \standard" E-144 analysis used a single square aperture with di erent edges. Figures 4.3
and 4.4 show the best t to the data obtained by varying normalization and smearing parameter
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P1
P2
P3
P4
P5
P6
P7

.1790E-01
11.51
13.51
.2054
12.32
13.00
.5028

[GeV/c]

Figure 4.1: Acceptance of N2MO. Data points come from test beam momentum scans. Dashed
line shows the two-box acceptance function, solid line the t assuming a Gaussian shape to the test
beam. The parameters of the t are identi ed in Table 4.1.
while maintaining the edges at the \standard" acceptances. These parameters are speci ed in the
n2n3 par.lut le used for the last round of n-tuple generation.
The parameters of the t are identi ed in Table 4.1. The results of the two-box t are given in
Table 4.2, and the \standard" acceptance parameters are given in Table 4.3.
As noted previously, the precision of the calibration in terms of number of electrons in some
unremarkable acceptance is less relevant than the accuracy of the estimate of dNe, =dp provided.
The dNe, =dp result should be more-or-less unchanged by re-analysis of the acceptance. Likewise,
such re-analysis should produce an equal scaling of the constant for converting ADC counts to observed electron count and of the range over which the simulated spectrum is integrated to calculate
the simulated electron count. Therefore, in the following subsections, calibration constants will be
given in units of electrons per GeV/c per ADC count, rather than total electrons per ADC count.
Once a speci c acceptance is chosen, the former type of calibration constant can easily be converted
to the latter. The e ect of di erent acceptance functions on the analysis will be discussed in a later
subsection.

4.2.2 The indirect cross-calibration of N2MO and N3MO with ECAL using
bremsstrahlung
In the midst of taking laser-collision data, time was taken for acquisition of \wire" data for calibration of the PCAL energy-vs-position map. This data also provides a known spectrum for calibrating
the N2MO and N3MO detectors, with only one degree of freedom: the total ux of electrons in the
data sample. This single unknown is well measured by the ECAL.

ADC counts per electron
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P1
P2
P3
P4
P5
P6
P7

.1604E-01
8.287
9.401
.3691
8.688
8.968
.3476

[GeV/c]

ADC counts per electron

Figure 4.2: Acceptance of N3MO. Data points come from test beam momentum scans. Dashed
line shows the two-box acceptance function, solid line the t assuming a Gaussian shape to the test
beam. The parameters of the t are identi ed in Table 4.1.

P1
P2
P3
P4

.3501E-01
12.30
13.10
.8244

[GeV/c]

Figure 4.3: Same data as in Fig. 4.1, with the square acceptance used for the most recent round of
n-tuple generation. The normalization for this gure was chosen by tting for minimum chi-squared.
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P1
P2
P3
P4

.3098E-01
8.500
9.600
.5988

[GeV/c]

Figure 4.4: Same data as in Fig. 4.2, with the square acceptance used for the most recent round
of n-tuple generation. The normalization was chosen by tting for minimum chi-squared, with
normalization chosen by tting with upper edge at 9.3 GeV/c. (See footnotes to Table 4.3.)
Table 4.1: Description of the parameters of the ts in Figs. 4.1 through 4.4. Parameters 5-7 do not
appear in the single-box ts.
parameter number parameter description
units
1
fractional momentum spread (rms/mean) 2
low edge, box 1
GeV/c
3
high edge, box 1
GeV/c
4
constant, box 1
ADC counts per electron
5
low edge, box 2
GeV/c
6
high edge, box 2
GeV/c
7
constant, box 2
ADC counts per electron
Table 4.2: Values of the tted parameters for the two-box ts to the test-beam acceptance scan
data.
detector low edge 1 high edge 1 const. 1a low edge 2 high edge 2 const. 2
[GeV/c]
[GeV/c]
[ADC/e-] [GeV/c]
[GeV/c]
[ADC/e-]
N2MO 11.5
13.5
0.21
12.3
13.0
0.50
N3MO 8.30
9.40
0.37
8.70
9.00
0.35
a The constants are from the ts to the test beam data; they are not the calibration constant for
the August 1996 data as such, although similar data was combined with other knowledge to obtain
the original calibration constants[31].
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Table 4.3: Values of the standard parameters for the single box acceptance of N2MO and N3MO.

a

detector low edge
[GeV/c]
N2MO 12.3
N3MO 8.50

high edge
[GeV/c]
13.1
9.60
c

mean momentum
[GeV/c]
12.7
9.05
d

width
[GeV/c]
0.8
1.10
e

2-box mean mom. and e . width
[GeV/c] [GeV/c]
12.6
1.1
8.85
0.70
a

b

The \mean momentum" is the mean value of the momentum p weighted by the acceptance
function.
b The \e ective width" is the total area under the acceptance function divided by the peak value
of the (unsmeared) acceptance function.
c N.B. Some early versions of the n2n3 par.lut le have 9.3 GeV/c for the high edge of N3MO's
acceptance, which would give a better match to the data and also give a width closer to the two-box
\e ective width." The parameter that was used for the last n-tuple generation is 9.6 GeV/c as
quoted. The e ect of di erent acceptances is discussed in a later subsection.
d Central momentum is 8.80 GeV/c if high edge is 9.3 GeV/c.
e Width is 0.8 GeV/c if high edge is 9.3 GeV/c.
The runs used in this analysis are wire scans 15140 and 15142, taken August 3, 1996, and
PCAL calibration data runs 15530 through 15537, taken August 8, 1996. The ECAL position in
the latter set of runs was -120 mm, so the top of the top row was at -245 mm in E144's \PCS"
coordinate system. According to the spectrometer map, the top row intercepted electrons from 7.62
to 8.49 GeV/c, so it did not quite overlap the core of the N3MO acceptance. Because no ECAL
row was directly behind the counters we wish to cross-calibrate, we have no direct measurement of
the number of electrons passing through the counters in these runs. However, the average ux can
be inferred and compared to the average ADC reading. In wire scans 15140 and 15142, the ECAL
was behind N3MO but still below N2MO.
In this analysis, the top four rows of the ECAL are used to measure the total rate. Beam charge
data from the Beam Containment System toroids was not available for these runs, so the fth row of
ECAL is used as a somewhat-independent quality cut to eliminate beam pulses with low rate. The
total energy deposited in each row is divided by the mean energy of individual electrons accepted
by that row and the width of the momentum acceptance for the row to obtain an estimate of the
di erential scattering rate at each momentum. This data is plotted in Figs. 4.5 and 4.7 (for the
August 8 and August 3 data, respectively) and tted to a bremsstrahlung spectrum. The tted
bremsstrahlung spectrum is extrapolated to the central momenta of the two counters, N2MO and
N3MO. From this data, the average number of electrons per GeV/c is known for each detector for
this data set.
Using the same events from the same data set, the pedestal-subtracted ADC readings from
the two counters are plotted in Fig. 4.6 and 4.8. (Pedestals were measured using events for which
the ECAL read little or no deposited energy.) From this data, the average ADC reading of each
detector is known for the corresponding average number of electrons per GeV/c measured with the
ECAL data. Dividing one by the other gives the calibration in terms of electrons per GeV/c per
ADC count. This data is summarized in Table 4.4.
There is a factor of two discrepancy between the two calibrations. This cannot be due to the
position of the calorimeter, as the e ect of ECAL position on N3MO operation, if any, is very small,
as shown in Fig. 4.9, and the vacuum chamber window extends below 6.0 GeV/c. The di erence
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Figure 4.5: Bremsstrahlung spectrum as measured by the ECAL, from PCAL wire data taken
August 8, 1996. Each data point represents one row of ECAL: the horizontal axis is the row
central momentum, and the vertical axis gives average number of electrons per GeV/c in the row's
momentum acceptance for this run. (The data is not normalized by beam charge or foil thickness,
but can be compared to the \raw" data in Fig. 4.6 in order to obtain the calibration constant.)
The error bars on the points give the root-mean-square of the data divided by the square root of
the number of events. The solid curve is a bremsstrahlung spectrum with best- t normalization.
Central momenta of N2MO and N3MO are indicated with dashed lines. The deviation of the data
points from the t exceeds the statistical spread of the data. These residuals are all less than 6%
of the signal and may be due to systematic e ects in ECAL reconstruction or calibration.

Table 4.4: Results of the indirect calibration of N2MO and N3MO with ECAL using bremsstrahlung. The quoted errors represent statistical errors only.
detector
inferred ux average reading calibration constant
[e-/(GeV/c)] [ADC counts] [e-/(GeV/c)/count]
N2MO, Aug. 3 204  4
12:4  :7
16:5  1:0
N3MO, Aug. 3 187  4
257  12
0:73  :04
N2MO, Aug. 8 325  1
N3MO, Aug. 8 298  1

11:8  :1
219  2

27:5  0:3
1:36  :01
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Figure 4.8: Frequency distribution of ADC readings for wire scans 15140 and 15142.
in calibration constants could represent a real change in N3MO calibration between August 3 and
August 8. It could also be an e ect of the unusual steering in place on August 8, although the
horizontal \bump" of 1 mm should have been negligible for these detectors.
It will be noted that N2MO reads very low in these conditions, a result of it being con gured
for its normal mode of operation where it sees an order of magnitude more ux than N3MO.
Extrapolating from low ADC counts should not be too much of a problem, however, since N2MO
and N3MO were read out with a LeCroy 2249 ADC, which is much more linear at its low end
than the Phillips QDC used for the n = 1 rate monitors. The residuals on the ECAL t suggest
systematic uncertainties of at least 6% may be present.
As a further aid to visualizing the cross-calibration data, two-dimensional density plots of
N2MO and N3MO readings versus the top row of ECAL are shown in Fig. 4.10, with lines drawn
representing the major axis expected from the calibration constants given above. The scatter in the
data arises from the statistics of the electron to photo-multiplier-tube photo-electron conversion
and the fact that the top row intercepts di erent electrons than the detectors, but it can be clearly
seen that the cross-calibration is correct.
The calibration constants found above will be compared with the \original" calibration in a
later section.

4.2.3 The direct cross-calibration of N3MO with ECAL using nonlinear Compton data
A direct cross-calibration can be done with any run for which part of the ECAL was directly behind
the monitor of interest. Unfortunately, there is no data for which the ECAL was directly behind
N2MO. (The ECAL mover would have to have been set to above -60 mm, and the highest position
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Figure 4.9: N3MO ADC normalized by linear detector, plotted versus central momentum of the top
ECAL row, for ECAL scan 15296. A slight (less than 10%) shift in average reading may occur as
the top of the ECAL passes behind N3MO, but this could also be a coincidental change in collision
conditions.
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versus energy deposited in the top row of ECAL. The lines are calculated based on the calibration
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line fit

1000
ECAL row 2

ECAL row 1

electrons per GeV/c

800

600

400

N3MO
200

0
8

8.5

9

9.5

10

10.5

[GeV/c]

Figure 4.11: Simulated spectrum for the linear-green laser with edges indicated for N3MO and
ECAL at ,92 mm (top of top row at ,217 mm in \PCS"). Parameters were  = 0:3162; Ae =
29:9 2 ;  = 1:5 psec (FWHM); Ee, = 46:6 GeV; e,;x = 25 ; e,;y = 40 ; e, =
7 psec (FWHM).
recorded was -70 mm.) However, there is plenty of data to provide a direct N3MO calibration.
The analysis below uses data from ECAL scan 15296, which is an actual, positron-producing
run (arguably our rst and best), with N2MO and N3MO in their nal data-taking con gurations.
This data was taken on August 5, 1996. Events were required to have at least 106 forward photons
as detected by EC31/EC37. The spectrum varies nearly linearly with momentum in the range of
interest, both in theory (Fig. 4.11) and in observation (Fig. 4.12). The number of electrons per
GeV/c averaged over the acceptance of the counter is therefore the same as the number of electrons
per GeV/c at the center of the counter's acceptance, which can be determined by interpolating
between the two nearest calorimeter rows.
Figure 4.13 shows the N3MO ADC plotted versus the ECAL estimate of dNe,;N3MO =dp, for
events when at least one row of ECAL was above and one below the N3MO central momentum of
8.85 GeV/c. The inverse of the slope is 0:65  :01 electrons per GeV/c per ADC count, where the
error comes from the t covariance matrix. Signi cant scatter of the data is evident. Figure 4.14
shows the electron yield in the ECAL in the n = 3 region normalized by the N3MO ADC. The
intercept of the tted line with 8.85 GeV/c is at 0:62  :01 GeV/c per ADC count, where again
the error quoted is from the canonical t error estimate. Folding in likely ECAL reconstruction
systematic errors, the cross-calibration using laser-scattered electrons with ECAL directly behind
N3MO gives a calibration constant of 0:63  0:01 stat.  :04 syst., which is consistent with the
August 3 cross-calibration.
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Figure 4.14: Observed spectrum from run 15296 normalized by N3MO ADC. The intercept of the
tted line with the N3MO central momentum gives the calibration constant.

4.2.4 E ect of di erent assumed acceptances of N2MO and N3MO

The calibration constants calculated above convert from ADC counts to electron yield per unit
momentum at the central momentum of the detector's acceptance. Any systematic errors in this
conversion due to the nite width of the momentum acceptance must come from second-order
and higher derivatives of the spectrum w.r.t. momentum, and since both the bremsstrahlung and
nonlinear Compton spectra are very linear with momentum in the ranges of interest, this error is
small. Figures 4.15 and 4.16 show the e ects of varying momentum acceptances on N2MO and
N3MO, based on simulated spectra.
Systematic calibration errors could also come from misidenti cation of the detector central
momentum. Figures 4.17 and 4.18 show the fractional error introduced by central momentum
misidenti cation, obtained by shifting the acceptance functions described in Table 4.2 and applying
them to simulated spectra. Again, the possible systematic errors are small.

4.2.5 Calibration of EC31/EC37 with bremsstrahlung

Calibration runs 15460 - 15463, taken August 7, 1996, provide good data for calibrating the linear
monitors. This data was taken with an electron beam of 7:1  109 e-/pulse incident on the 30m-thick aluminum foil at IP1. N2MO readings for this run are consistent with these conditions,
assuming the 0.7 e-/(GeV/c)/(ADC count) calibration is correct. (N3MO apparently had its lter
removed for this run.) The EC31/10 ADC averaged 3317 counts for this data, and the EC37
ADC averaged 1508 counts. The electron ux from the 46.6-GeV electrons incident on the foil can
be calculated as 1:64  105 e-/(GeV/c) and 2:92  105 e-/(GeV/c) at 31 GeV/c and 37 GeV/c,
respectively. The Compton spectrum for the green laser gives values of dN=dp=N of 0.0276 e-
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Figure 4.15: Simulated e ect of di erent acceptance widths on the accuracy of the calibration of
N2MO. The horizontal axis is the (e ective) width of the acceptance function, and the vertical
axis is the fractional deviation of the estimated electron yield from its actual value at the central
momentum of the detector, as calculated by the sum bin function from the MSDOS-based E-144
analysis software. The solid line shows the simulation for a nonlinear Compton spectrum and a
square aperture of the given width; the dashed line shows the e ect with square aperture and a
bremsstrahlung spectrum.
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Figure 4.16: Simulated e ect of di erent acceptance widths on the accuracy of the calibration of
N3MO. (See caption for Fig. 4.15.) A bug in some early versions of the sum bin function caused
an extra bin to be added when the upper end of the acceptance fell exactly on a bin edge.
/photon/(GeV/c) at 31 GeV/c and 0.0320 e-/photon/(GeV/c) at 37 GeV/c. The calibration
constants are therefore 179 photons/(ADC count) for EC31 (i.e., 1790 photons per count of the
EC31/10 ADC) and 6045 photons/(ADC count) for EC37. Systematic errors may be of order
10% due to beam charge toroid calibration, accuracy of foil thickness information, and/or N2MO
cross-calibration accuracy.

4.2.6 Calibration constants used in the last round of n-tuple generation
In the most recent round of n-tuple generation, the N2MO and N3MO ADC readings were converted to total electron counts by multiplying by constants 49 e-/count and 1.8 e-/count, respectively. The corresponding simulation results for these counters were found by integrating the
simulated spectrum over the ranges indicated in Table 4.3, which have widths 0.8 GeV/c and
1.10 GeV/c, respectively. Expressed in the terms of the analysis in this paper, the last round
of n-tuple analysis compared the simulated yield of electrons per GeV/c averaged over the given
momentum range versus the ADC readings times the constants 61 e-/(GeV/c)/count (for N2MO)
and 1.6 e-/(GeV/c)/count (for N3MO). These constants are di erent from those found here by
cross-calibration with ECAL, but not by a factor of eight.
The calibration constants for EC31 and EC37 were equivalent to 289 photons/(ADC count)
and 8874 photons/(ADC count), respectively.
The \old" calibration constants and those found in the subsections above are summarized in
Table 4.5, and further discussed in the next section.
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Figure 4.17: Simulated e ect of di erent central momenta on the accuracy of the calibration of
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nominal central momentum. Solid line is nonlinear Compton data, dashed line is bremsstrahlung.
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Figure 4.18: Simulated e ect of di erent central momenta on the accuracy of the calibration of
N3MO. (See caption for Fig. 4.17.) A bug in some early versions of the sum bin function caused
an extra bin to be added when the upper end of the acceptance fell exactly on a bin edge.

4.3 Conclusions
The results of the cross-calibration described above are presented in Table 4.5 along with the
equivalent constants from the original calibration. Table 4.6 lists the scaling factors used in the
original Cherenkov-monitor-based constrained ts [6] and the equivalent scaling accomplished by
using the new calibration constants. Although the cross-calibration does not give the same constants
as the original calibration, the disagreement is much smaller than that required to explain the factor
of eight rescaling done for the constrained ts. According to the cross-calibration, the N2MO and
N3MO detectors readings using the old calibration should be scaled by no more than 3.6 and 2.5,
respectively.
Furthermore, no adjustment of these newly-obtained calibration constants is required in order
to allow good ts of Cherenkov monitors with the simulation. Using the calibration constants of
17 e-/(GeV/c)/count for N2MO and 0.65 e-/(GeV/c)/count for N3MO results in agreement as
good as that obtained by large scaling of the original calibration, as detailed in Table 4.6. Use
of these new calibration constants corresponds to scaling the
p original calibration of N2MO by 3.6
and scaling N3MO by 2.5. The average tted value of  is 1:8 times higher when using the new
\adjusted" calibration, a result of the e ective scaling with respect to the original di ering by a
factor of approximately (1:8)n in each detector. It is interesting that both previous and \new"
average  values are less than that calculated from the \standard" laser area, pulse length, and
measured energy.
To demonstrate the internal consistency of the new calibration and associated  ts, in Fig. 4.19
the reconstructed signal (Horton-Smith method) in the top row of ECAL is plotted versus the
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Table 4.5: Comparison of original calibration with cross-calibration results. Quoted errors include
best-guess systematic errors.
calibration constant [e-/(GeV/c)/count]
detector original bremss., Aug. 3 Compton, Aug. 5 bremss., Aug. 8 adjusted for t
N2MO 61
17  2
|
28  2
15
N3MO 1:6
0:7  0:1
0:64  :04
1:4  0:1
0:71
detector original |
EC31
289
EC37
8874

calibration constant [photons/count]
|
bremss., Aug. 7 adjusted for t
179  20
185
6045  600
5900

16000

174.2
A0
A1

/ 89
-21.08
1.020

14000

observation [GeV]

observation [GeV]

Table 4.6: Comparison of e ect of the previously-used scaling with the e ect of using the new
\adjusted" calibration constants in Table 4.5, based on analysis of runs 15296 and 15323. Note
that the average value of  calculated from \standard" laser area, pulse length, and measured
energy is 0.37.
scaling of readouts w.r.t. original
NGAMMA N2MO N3MO
t 2 h t i
previous scaling 1.6
8
8
0.9
0.23
new calibration 1.5
4.0
2.3
0.9
0.31
p
ratio
1.1
2.0
3.5
|
1:8
n
0:6  (1:8) = 1.1
1.9
3.5

372.1
A0
A1
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Figure 4.19: Comparison of experiment with simulation calculated for Cherenkov-monitor-derived
, with new calibration, for two sample runs: 15296 on left, and 15323 on right.
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simulation prediction for runs 15296 and 15323, using all data with only a single cut: 0 < 2- t < 10.
Agreement should be almost guaranteed for run 15296, where ECAL is in the n = 3 position: the 
and overlap are chosen to reproduce the observed signal in N3MO, which has been cross-calibrated
with ECAL. In actuality, the observed signal is the same as predicted, demonstrating internal
consistency.
The top half of the top row of the ECAL is above the n = 4 edge for run 15323. In this
case, the observed signal is about half of the simulation. This would not have been considered a
\disagreement" in the past, since our intensity estimates were uncertain by 30%, giving a factor
of 2.5 uncertainty in normalized n = 4 rate and even greater uncertainty in absolute rate. The new
calibration reduces systematic uncertainties to the point where this deviation from theory deserves
a closer look.
Curiously, the laser intensities from constrained ts with the previous scaled calibration were
also about a factor of two lower than the new estimates, which would precisely match the relative
rates of the ECAL observations in the two orders, though not the absolute rates.
Shmakov [49] has previously compared the observed ECAL data to spectra simulated for laser
intensities obtained from the Cherenkov-monitor  ts using the previous scaling. He has found
the observation and simulation to be in good agreement, even for cases when the ECAL is directly
behind N3MO. Naively, one might not expect this given the new calibration data. If the estimated
electron yield from the unscaled N3MO is only a factor of 2.3 too high, and an  is chosen that gives
a simulated N3MO reading lower than the actual N3MO reading by a factor of 8, one would expect
the simulated ECAL reading of rows in the n = 3 region to be lower than observation by about
factor of 3.5. This would follow directly from the cross-calibration of N3MO with ECAL using actual
n = 3 non-linear Compton data. However, since Shmakov compares ECAL data normalized by
unscaled number of forward photons (using the old calibration) to simulated ECAL data normalized
by the simulated number of photons, the expected disagreement between simulation and theory
is only 3:5=1:5 ' 2. This is still larger than seen in his analysis. It is just possible that there
may have been a compensating factor of two error in the calculation of the simulated N2MO and
N3MO signals, or there may be some other subtlety of the analysis that is not obvious upon naive
consideration. As mentioned above, any e ect bringing the n = 3 yield into agreement would also
result in excellent agreement for the n = 4 agreement due to the lower  estimates in the \scaled"
analysis.
In conclusion, the good news is that the cross-calibration apparently eliminates the need for ad
hoc scaling factors and therefore reduces systematic uncertainties, so that previously-uninteresting
inconsistencies between data and theory now become potentially interesting. Additionally, the
increased con dence these cross-calibration results provide for the Cherenkov monitors and associated  information is extremely welcome in light of the CCD data, which shows an unexpected
relationship between the CCD- t and Chernkov- t . These issues will be addressed in a later paper.

Chapter 5

Estimation of laser focal properties
using Cherenkov monitor data
Synopsis

A method is described for nding E-144 interaction geometry parameters consistent with
event-by-event readings of the Cherenkov monitors. Information from the laser pulse energy
monitor may optionally be incorporated. This method should be essentially equivalent to that
developed by Ko as and Bula [6], but without any iterative adjustment of scaling factors. The
algorithm for implementing the method is fully described, and results of its application to real
data are presented and discussed.

5.1 Introduction
The E-144 experiment is unusual in that the physics result depends strongly on the geometry of
the interaction. From past observation, it is known that the laser focal area and pulse length can
vary widely event-to-event. In our most recent and most successful data-taking run, event-by-event
measurements of the laser spot-size and pulse length were not available. The laser pulse energy
and electron pulse charge were measured event-by-event, while the electron transverse sizes were
measured periodically and the electron bunch length was inferred from the ring-to-linac compressor
settings and data obtained by Holtzapple[21]. The laser is believed to have had a focal area of
roughly 30  31 m2 and a pulse length \typically" about 1.5 psec but possibly as low as 1 psec
on \good" pulses or much larger on \bad" pulses.
Since it was not possible to measure all parameters of the interaction geometry directly on
an event-by-event basis, we test the accepted theory by nding a geometry consistent with a few
selected detectors assuming the standard theory, and then look at the remaining detectors to see
if they also are consistent with the accepted theory. The detectors we choose are the n = 1, n = 2,
and n = 3 xed-momentum Cherenkov detectors. In addition, the laser pulse energy measurement
from the joule pyrometer may be regarded as a sort of \n = 0" measurement; it is useful to regard
the laser energy data as an observation to be t rather than a xed input parameter because
the measurement uncertainty in the energy measurement is comparable to that in the Cherenkov
monitors. Having a limited number of measurements, only a limit number of unknowns can be
found. The unknowns of choice are timing o set (\overlap", t), focal intensity (or 2 ), and focal
area (A). These three parameters are sucient to t the four detector readouts with 2 < 1.
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The nal section gives further details of the method of nding the three unknowns (t; 2 ; A)
that best t the four measurements (n = 1; 2; 3 and laser energy). The resulting theory predictions
are guaranteed to match the observations in these detectors, assuming the 2 is low. The question
of the agreement of other detectors with the theory will be addressed elsewhere.

5.2 Review of simulation lookup tables
The simulation data in the standard data summary n-tuples is obtained using \lookup tables"
computed by Bula's NUMINT program, described fully in his documentation[26]. What is most
important to know here is that the predicted rate for any given nal state is approximated as a
product of functions of the di erent interaction parameters:
Ni (; A; ; x ; y ; e; t) 
= Ni j ()Ri jA (A)Ri j ( )Ri j (x )Ri j (y )Ri j (e )Ri jt (t); (5.1)
where
Ni j ()  Ni (; A0 ; 0 ; x0 ; y 0 ; e 0 ; 0)
Ri jA(A)  Ni (0 ; A; 0 ; x 0 ; y 0 ; e0 ; 0)=Ni (0 ; A0 ; 0 ; x 0; y 0 ; e 0 ; 0)
Rij ( )  Ni (0 ; A0 ; ; x0 ; y 0 ; e 0 ; 0)=Ni (0 ; A0 ; 0 ; x0 ; y 0 ; e 0 ; 0)
(5.2)
..
.
Ri jt (t)  Ni (0 ; A0 ; 0; x 0; y 0; e 0 ; t)=Ni (0 ; A0 ; 0 ; x0 ; y 0; e 0 ; 0);
and 0 ; A0 ; 0 ; x 0 ; y 0 ; e 0 are \standard" values of the interaction geometry parameters. By taking
the logarithm of Eq. 5.1, one sees that the approximation is equivalent to a rst-order Taylor
expansion of Ni for small deviations of the parameters from their \standard" values. Clearly, the
approximation is accurate for large deviations of the parameters if the function really does separate
in variables as assumed.
In fact, this approximation is reasonably accurate in accounting for variations in electron beam
sizes, overlap, and laser pulse length at xed intensity and area, since these parameters a ect the
rates of all processes approximately linearly.1 At xed area, variations in rate with intensity are
also well approximated since the rate for any given nal state tends to be dominated by the process
or processes with the lowest \n". The functional dependence of rate on area is perhaps the most
complicated due to the changing dominance of multiple scattering versus single-scattering as area
changes, and so any failure in the separation of variables in Eq. 5.1 is most likely to appear with
area.
In order to minimize such errors, the \standard" parameters 0 ; A0 ; 0 ; x 0 ; y 0 ; e 0 are chosen
to be well-centered in the distribution of parameters actually required for simulation of the observed
events. Eleven lookup table sets were produced at one time or another, each with their own standard
parameters. Di erent table sets are given designations such as \GLC4" or \ICA1"; the origin of
these codes is described in Bula's note[26]. The standard parameters for several lookup table sets
are summarized in Table 5.1. An idea of the scale of errors introduced by approximation 5.1 can be
obtained by looking up spectra in one lookup table set at another set's standard parameters, and
comparing the estimate from one with the exact simulation results recorded in the other. Figure
5.1 shows the electron spectrum at the \GLC4" standard parameters as estimated from a di erent
lookup table set.
x

y

e

1 With xed energy, laser pulse length has a nonlinear e ect due to its e ect on intensity, but at xed intensity

the e ect is approximately linear in pulse length for all processes.
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final e- per 0.4 GeV/c per 109 in beam

Table 5.1: Standard parameters for several lookup table sets.
table set laser pol. wavelength 0
A0
0
e, energy x0
2
[m]
[m ] [psec] [GeV]
[m]
GCA1 circular 0.527
0.0976 35
2
46.6
60
GLA1
linear
0.527
0.0976 35
2
46.6
60
ICA1
circular 1.054
0.171 65
2
46.6
60
ILA1
linear
1.054
0.171 65
2
46.6
60
GLC4
linear
0.527
0.326 29.9 1.5
46.6
25
GLD1
linear
0.527
0.309 29.9 1.5
49.1
34

y 0 e 0
[m] [psec]
60
60
60
60
40
34

6.8
6.8
6.8
6.8
7.0
6.7

105
104
103
102
101
100
10-1
10-2
5.0

6.1

7.8

10.9
17.6
final e- momentum [GeV/c]

46.6
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10.9
17.6
final e- momentum [GeV/c]

46.6

1.4
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ratio
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Figure 5.1: The top graph shows the electron spectrum at the \GLC4" standard parameters as
estimated from \GLA1" (+) and \GLC4" () lookup table sets plotted with. The lower graph
shows the ratio of the \GLA1" table extrapolation to the unextrapolated simulation results stored
in the \GLC4" table.
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Table 5.2: Naive expectation for power law coecients of rates of various processes as a function
of interaction geometry parameters. The quantity m is the number of scatterings in a successivescattering process, and n is the sum of the number of incident photons absorbed at each scattering
in the sequence.
n=1
n=2
n=3
n.3
n&3
m=1 m=1 m=2 m=1 m=2 m=3
2 1
2
2
3
3
3
n
n
A 1
1
1.5
1
1.5
2
(m + 1)=2 (m + 2)=2
 1
1
1
1
1
1
1
1

5.3 Power-law dependence of total scattering rates on interaction
geometry
The dependence of scattering rates on intensity is the easiest to understand. If n is the sum of the
number of incident photons absorbed, then for low or moderate intensities and xed focal sizes the
rate is proportional to intensity to the n-th power, or 2n , to leading-order in 2 . The dependence
of rates on geometry for xed intensity is somewhat less intuitive.
Figures 5.2-5.3 show cut-away views of the geometry of the interacting beams for optimal
temporal and spatial overlap, at the time of the intersection of the centroids of the two pulses. It
can be seen that the electron sizes are all larger than the corresponding laser sizes. Because the
laser pulse is shorter than the electron pulse and most scattering occurs far from any edge of the
electron beam, all scattering rates are nearly proportional to the pulse length at xed intensity.
The dependence on area is more complicated, and is best considered one dimension
p at a time.
The vertical extent of the laser focus encounteredp by the electron is proportional to A. The depth
of the laser eld encountered is proportional to A. The horizontal extent of the contributing part
of the focus is the most hard to intuit: for low-n scattering, say n = 1 or 2, the decrease in intensity
due to moving o -axis horizontally is partially compensated for by the increase in the depth of eld,
so that the horizontal extent of the contributing part of the focus is determined mostly by the laser
angular divergence for low n, and is therefore roughly independent of the focal area. However,
for high n, the decrease in intensity with horizontal position is the primary factor limiting the
horizontal extent of the contributing portion of the focus, so that the crossing-angle-foreshortened
Rayleigh
p range of the laser determines the focal horizontal extent, which introduces another factor
of scattering by mp successive
of A for large n. Thus, at xed intensity and pulse length, the
p rate
m
+1
scatters with n photons absorbed is roughly proportional to ( A) for n . 3 and ( A)m+2 for
n & 3. These rough expectations are summarized in Table 5.2.
The above discussion is an attempt to provide some sort of intuitive basis for the variation of
rate with focal parameters. Quantitative theoretical predictions are obtained from the NUMINT
program. The lookup tables written by NUMINT contain information on the variation of rate as
a function of each parameter. This information can be tted to a power law. Figure 5.4 shows
there results of such an analysis of the \GLC4" lookup table set, plotted versus momentum for
each bin of the electron and photon spectrum. Table 5.3 gives the power law coecients for several
particularly interesting portions of the spectra: the linear portions of the electron and photon
spectra, the n = 2 portion of the photon spectrum, and the portions of the electron spectrum
corresponding to the n = 2 and n = 3 monitors. Note that our electron detectors can not tell how
many times an electron was scattered in the laser focus, and neither is this information recorded in
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Figure 5.2: Three-dimensional, cut-away view of the geometry of the interacting beams showing
the half-intensity surfaces of the electron beam and the focussed laser beam.
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Figure 5.3: Enlarged cut-away view of the focussed laser, showing surfaces at 1%, 10%, and 50%
of maximum intensity.
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Table 5.3: Fitted power law coecients from GLC4 lookup tables for various interesting regions of
the electron and photon spectra. The intensity (2 ) is held constant as area (A) or pulse length
( ) are varied.
electrons
photons
positrons
19-46.6 GeV/c 12.2-13.2 GeV/c 8.5-9.5 GeV/c 0-28 GeV/c 30-34 GeV/c (all)
2 1.0
2.0
2.9
1.0
2.0
5.1
A 1.0
1.5
1.7
1.0
1.3
2.0
 1.1
1.1
1.0
1.1
1.0
1.1
Bula's lookup tables, but the behavior of rate with focal area at xed intensity gives an indication
of what order m is dominant.
With the information above, one can calculate the change in the detectors as a parameter is
varied. The deviation of the logarithm of the detector reading will be linearly related by the power
law coecient to the change the logarithm of the parameter. For example, if the area changes
from A1 to A2 , then the rates in the EC31, N2MO, and N3MO detectors will change by factors of
(A2 =A1 )1:0 ; (A2 =A1 )1:5 ; and (A2 =A1 )1:7 , respectively.

5.4 Details of the algorithm
The algorithm consists of a golden section search for the minimum 2 t to the observed monitor
readings as  is varied. At each , the overlap and focal area are chosen as follows:
1 Initialize area to default.
2 Initialize pulse length to default.
3 Look up rates for given ; A; ; x ; y ; e and measured total number of n = 1 scatters. Note
that Bula's standard lookup routines automatically nd the t that yields the observed n = 1
rate, if possible.
4 If computed t = 0 and computed n = 1 rate is greater than observed, multiply  by factor
of [(observed n = 1)=(computed n = 1)]0:95 and repeat step 3.
5 Compute logarithms of observed rates divided by calculated rates for each monitor, i.e.,
deviations of logarithms of observed rates from logarithms of calculated rates.
6 Calculate 2 .
7 Perform linear t of deviations to area power-law coecients. If area correction is large,
implement correction and reiterate from step 2. The focal area parameter is required to stay
within the range of the lookup tables. Note if 2 increases after correction, the lowest 2 and
corresponding area, o set, and pulse length are restored and iterations ceased. Iterations also
cease after the number of loops exceeds cfit_max_it, which defaults to 2.
8 Return best 2 for this value of  to the golden section search procedure, which continues the
golden section search until the minimum is found.
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Figure 5.4: Fitted power law coecients for the electron spectrum (top) and the photon spectrum
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The 2 is calculated as follows:

2

  log E 2   log n 2   log n 2   log n 2
1 +
2 +
3 ;
+
=
 log E

 log n1

 log n2

 log n3

(5.3)

where the symbols E; n1 ; n2 ; n3 denote the pulse energy, the \EC31" or \EC37" estimate of total
Compton scattering rate, the \N2MO" measure of n = 2 electron ux, and the \N3MO" measure
of n = 3 electron ux, respectively;  log X  log(X(measured) =X(calculated) ). Units of E are mJ,
and n1 is measured in number of photons. Units of n2 and n3 are electrons per GeV/c, where
the measurement is converted from raw ADC counts according to the cross-calibration-derived
conversion constants [Chapter 4], and the simulation result is obtained by summing over a 1GeV/c-wide at acceptance centered at the central detector momentum.
The scaling factors for the deviations are

 log E
 log n1
 log n2
 log n3

= 0:33
p
= 9000=n1
p
= 2:26= (N2MO ADC counts)
p
= 2:78= (N3MO ADC counts):

(5.4)
(5.5)
(5.6)
(5.7)

The standard deviation  log n3 is that calculated by Field [31] for the expected uctuation of
the detector signals due to the statistics of the Cherenkov photon collection and photoelectron
conversion; the value of  log n2 is Field's estimate multiplied by a factor of two in accordance with
the practice of Bula and Ko as [6], motivated by a desire to balance the t residuals of the two
detectors. The value of  log n1 is only a crude guess which re ects the expectation that the n = 1
measurement should be more precise; the choice if  log n1 is largely immaterial in any case since the
algorithm tries to match observed and calculated n = 1 signal exactly. The claimed precision and
accuracy of the laser pulse energy monitor is 10%; however, a value of  log E avoid corresponding
to 33% accuracy was chosen to avoid unnaturally tight correlations of tted pulse energy with other
focal parameters and to give the most weight to the Cherenkov monitor data.
As will be discussed further below, the data can be almost as well t by one fewer parameter: for
example, by setting cfit_max_it to 0 and  log E to 10000, the tting algorithm above nds good
ts using a xed area while allowing arbitrary pulse energy. Likewise, one could take  log E ! 0
and allow the algorithm to t area while forcing the pulse energy to be exactly as read by the
energy monitor. This implies a certain degree of degeneracy between the focal parameters. This
degeneracy is of concern only if a shift along the degenerate direction in parameter space can change
the theoretical calculation for some other aspect of the experiment even as it leaves the calculated
Cherenkov monitors largely unchanged. Whether this is or is not the case is addressed below.
The partial degeneracy among focal parameters and the arbitrariness in the choice of  log E
and  log n1 might raise questions about the interpretation of 2 as de ned in Eq. 5.3. This concern
is allayed by the tight association between overlap with the n = 1 rate and tted energy with the
observed energy, leaving just  log n2 and  log n3 as the remaining contributors the 2 and  as the
remaining t parameter. Both  log n2 and  log n3 have a legitimate basis, and so 2 as de ned
above should be considered as being properly scaled and having one remaining degree of freedom
after the t.
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Figure 5.5: Fit 2 distribution for August 1996 data runs selected as described in text. The
distribution appears to be the sum of two 2 distributions: one with 2 ' 1 and one with
2 ' 6.

5.5 Performance of the algorithm on real data
Figures 5.5 through 5.7 show the t 2 , tted , laser area, pulse energy, and n = 1 overlap
ratio, and the t residuals for low 2 . All results in these gures are from a set of runs from
August 1996 selected according availability of CCD data with either the \thick" aluminum or
\thin" nitrocellulose converter foil in the photon beam line. (The CCD data is irrelevant to this
analysis, but the Cherenkov monitor analysis is intended to be used to interpret the CCD data,
thus motivating this choice of runs.)
Figures 5.8 through 5.10 show the same information for the same data set with area set to a xed
value and a large  log E to essentially eliminate the laser pulse energy measurement information
from the t. The 2 distribution is not appreciably di erent. This shows that multiple solutions
for the parameters ; A; t can be found with statistically meaningless di erences in the Cherenkov
monitor residuals.
To assess the impact of this degeneracy among parameters, Fig. 5.11 shows the distribution of
simulated rates for positrons, \n = 4"-region electrons, and \n = 2"-region photons for the standard
and xed-area ts. The two distributions are obviously quite similar and are in fact statistically
indistinguishable. Evidently, multiple parameter sets can successfully model a given set of observed
Cherenkov monitor signals, but these parameter sets also yield very similar calculated signals for
the remaining detectors.
Note that if we trust the laser energy monitor absolutely, then there is no question of any
non-trivial degeneracy in the focal parameters. The degeneracy between the \beam overlap factor"
and laser pulse length is trivial, since the simulation shows linear dependence on these parameters
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Figure 5.8: Fit 2 distribution for the same data set with t forced to use xed area and  log E
eliminated from 2 .
for all detectors at all orders: a single e ective parameter comprises both overlap and pulse length.
With pulse energy measured by a trusted monitor, the only other free parameter is the focal area.
The t of focal parameters to the observed signals at three di erent orders n then becomes a simple
line t of two parameters to three unknowns, which has no degeneracy.

5.6 Comparison with previous focal parameter ts
Previous focal parameter ts were done not only with di erent (arbitrarily scaled) calibration constants for the Cherenkov monitors, they were in fact done by di erent workers (Christian Bula and
Thomas Ko as were these brave pioneers) using di erent software. Comparing the two estimates
therefore helps check the internal and mutual consistency of the algorithms, as well as showing the
e ect of the rescaling.
In Fig. 5.12, the logarithm of the ratio of values of  from the previous and new simulations has
been plotted as a function of  from the new simulation, using data from the thick foil CCD runs.
Where the returned value of  is very small or very large, the routines behave di erently: this is
generally because such extreme values are actually from poor-statistics, low-overlap events. Only
events with  between 0.15 and 0.40 were used in the nal analysis: in this range, both algorithms
returned compatible answers, with the \old" (scaled)  values consistently factor of e,:2934 below
the \new" (calibrated)  values.
The Ko as-Bula ts used in the positron analysis maintained the xed relationship A =
(20 m2 =ps)  . For purposes of simplifying the comparison, the algorithm described here was
also contrained to vary A and  together according to this relationship. The \new" values of
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A,  , and  thus obtained are also used for the CCD track spectrum analysis, again to simplify
understanding of the impact of the new analysis on the old results.

5.7 Reduction of degeneracy by de nition of a new parameter
A simple \linear model" expresses the scattering rates as a product of various quantities raised to
xed exponents. (Taking the logarithm makes the linearity manifest.) The detailed simulation ts
this approximation quite well over a wide range. For example, near the \standard parameters" for
the August 1996 run, we have
N1 = k1 2:0 A1:0v = k1 E 1:0 v
N2e = k2e 3:9 A1:5 v = k2e E 2:0 A,0:5  ,1:0v
N3e = k3e 5:8 A1:7 v = k3e E 2:9 A,1:2  ,1:9v
N4e = k4e 7:6 A1:7 v = k3e E 3:8 A,2:1  ,2:8v
N2 = k2 4:0 A1:3v = k2 E 2:0 A,0:7  ,1:0 v
Ne+ = ke+ 10:2 A2 v = ke+E 5:1 A,3:1  ,4:1 v;
where ; A;  have their usual meanings, E is the laser pulse energy, and v 
= exp(,(t=t )2 =2) is
the overlap factor.
The pulse energy E is measured, the constants k1;2e;3e;::: are given by the theory, and the
overlap factor v estimation is dominated by the linear rate measurement, leaving the following two
quantities as the non-linear luminosity estimators:
2e = EA,0:5  ,1
L2e=1  NN2e =k
=k
1 1

(5.8)
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Figure 5.13: Comparison of \original" and \new" values of y  AE0 6 .
:

2e
1:9 ,1:2 ,1:9
L3e=1  NN3e=k
=k = E A  :

(5.9)

y  AE0:6 :

(5.10)

1 1

Noting how similar L3e=1 is to the square of L2e=1 , let us de ne

In terms of the parameter y, the luminosity measurements are
L2e=1 = y1:0 A+0:1
(5.11)
L3e=1 = y1:9 A,0:1 :
(5.12)
For a given y, an order of magnitude change in the area A will only change the measured rates
by about 25%. It is thus clear that our nonlinear luminosity monitors do not provide separate
measures of A; ; or , but only two measurements of the single parameter y.
Expressed in terms of y, the net e ect of the recalibration of the Cherenkov monitors is not as
large as it rst appeared. (The true magnitude of the changes was obscured due to comparing ; A;
and  separately, instead of comparing the single parameter y.) Figure 5.13 shows a scatter plot
of the \original" and p\new" values of y. The \new" values are higher than the original by about
40%, i.e., a factor of 2.
The other normalized luminosities are given in terms of y as
L2 =1 = y1:0 A,0:1
(5.13)
2
:
8
,
0
:
4
L4e=1 = y A
(5.14)
Le+=1 = y4:1 A,0:6:
(5.15)

ln(A/A0)
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Figure 5.14: One standard deviation intervals from the N2MO and N3MO data plotted in the
parameter space of focal area (A) and pulse length ( ), for a typical event in which both N2MO
and N3MO have estimated standard deviations of 10%. The heavily shaded ellipse is the onesigma error ellipse of the joint distribution, transformed into A and  parameters according to
Eqs. 5.8 and 5.9.
Thus, whether E ,  , or A is used as adjusted as a free parameter (or all of them) will not
appreciably a ect the prediction for L2 =1 , the photon n = 2 to n = 1 ratio. This means that
a discrepancy between prediction and observation in this detector cannot easily be resolved by
changing assumptions regarding focal parameters. On the other hand, the choice of how to adjust
the focal parameters has a profound a ect on the agreement of the n = 4 electron rate and the
positron rate with the prediction. This freedom somewhat reduces the extent to which we can
claim to have demonstrated the correctness of the theory.

5.8 Graphical depiction of the problem
The fundamental diculty in reconstructing focal area and pulse length information from N2MO
and N3MO is illustrated in Fig. 5.14. In this case, both N2MO and N3MO have an estimated
fractional standard deviation of 10%. However, comparable precision is not achieved in either the
reconstructed pulse length or focal area: the 1- error ellipse projected on the  axis represents a
50% uncertainty in the pulse length, and the projection on the A axis gives a 75% uncertainty
in the area.
As depicted in Fig. 5.15, this uncertainty translates into approximately a 45% uncertainty in
the positron yield, but only a 7% uncertainty in the n = 2 photon yield.
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Figure 5.15: The one-sigma error ellipse from Fig. 5.14 transformed into the parameter space of
positron and n = 2 photon yield according to Eqs. 5.11 through 5.15.

5.9 Conclusion
The Cherenkov monitors provide information that can be used to calculate rates in other detectors
consistent with the accepted theory of intense eld quantum electrodynamics. The method presented above is one way of arriving at such theoretical calculations: focal parameters are chosen
which match theory to observation in the chosen detectors, and the rates in the remaining detectors
are calculated using these focal parameters. Although the mapping of observed Cherenkov monitor
signals to consistent focal parameters is one-to-many (when the laser energy monitor is ignored),
the corresponding many-to-one mapping of focal parameters to other detectors of interest reduces
or eliminates the theoretical uncertainty introduced by this method of inferred parameters. Specifically, measurement of the n = 2 and n = 3 electron yield to 10% precision only constrains the
area to 75% and the pulse length to 50%; however, the n = 2 photon yield theoretically can be
predicted with 7% precision, and the positron yield with 45% precision. Thus, the internal consistency of our calculations from quantum electrodynamics may still be tested against observation
despite the lack of direct measurement of the properties of the laser focus.

Chapter 6

Features of the E-144 CCD Tracking
Spectrometer and Monte-Carlo
Simulation
Synopsis

The layout, hardware, software, and actual performance of the CCD tracking spectrometer
system are presented. A Monte Carlo simulation of the system is also described.

6.1 Hardware and software
Photons produced at IP1 proceed down their own beamline through the converter foil and the CCD
tracking spectrometer, as previously described [Chapter 1]. In this chapter, the CCD tracking
spectrometer system will be examined in detail. Figure 6.1 shows the magnet and eight CCD
packages inside their evacuated chambers. Figure 6.2 shows the precise CCD positions used for the
August 1996 data; also shown are the trajectories of electrons and positrons of various momenta
when the magnet is set to 247.5 MeV/c kick. Note that 29 GeV/c is the n = 1 kinematic limit,
so the positrons and electrons intercepting the inner portions of the CCDs could only have been
created from n  2 photons, while signal in the outer portions of the CCDs were dominated by the
n = 1 ux.
Each CCD plane consisted of a large area CCD image sensor and associated support electronics.
The planes were mounted on remotely-controlled stages inside an evacuated chamber. Bulk cooling
was provided by circulating chilled ethylene glycol in copper pipes brazed onto a copper backplane
surrounding the CCD sensor; thermo-electric coolers further lowered the temperature of the sensors. Cooling the CCDs to below 0 C signi cantly reduced leakage current and associated noise.
Thermocouples allowed the temperature of each plane to be remotely monitored. The external DC
bias voltage on each plane could also be remotely controlled.
The eight CCDs were clocked from a single source: the read-out began shortly after each laser
shot, and was completed within one second. The CCDs output a standard raster signal, with
\blacker-than-black" frames around each scan line. These signals were digitized and processed
by eight commercially-available frame-grabber boards with built-in digital signal processing (DSP)
capability. The on-board DSP chip subtracted pedestal frames (acquired during dedicated pedestal
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Figure 6.3: Coordinate systems.
runs), calculated line-by-line DC o set corrections, and converted signal level information into a
stream of hit coordinates.
The eight frame-grabber/DSP boards were installed in a standard EISA-bus micro-computer
which ran as an E-144 front-end data acquisition computer. The DSP boards wrote the stream of hit
coordinates directly to the computer's memory. The CCD front-end computer wrote the complete
event data to its hard disk, and sent summary information to the E-144 back-end computer. Because
of the long read-out time for the CCD system, the CCD front-end computer was not required to
return data to the back-end on every event, and was allowed to return its summary data one laser
shot late. A common event number was used for the CCD hard disk le the data acquisition stream,
and the data was recombined o -line.

6.1.1 Coordinate systems
The CCD tracking spectrometer system enjoys a rich diversity of applicable coordinate systems
(Fig. 6.3).
Each CCD plane has its own internal coordinate system, aligned with its raster pattern. The
CCDs are mounted with their light-sensitive surfaces facing downstream, away from the incident
beam. (This does not reduce their ability to detect particle tracks.) They are rotated such that
their major (slow) scan direction is towards the center of the beamline: thus, the CCDs on the
positron arm are rotated approximately 180 as compared to the CCDs on the electron arm. The
coordinate axes are labeled xCCDi and yCCDi in Fig. 6.3, where xCCDi is the rapid scan direction
(commonly the \horizontal" direction in a video system, but here vertical), and yCCDi is the slow
scan direction.
The global coordinate system for the spectrometer will be identi ed by the subscript LAB. The

114

High Field QED

+^zLAB direction is parallel to the photon beamline (east), the +^yLAB direction is up, and the +^xLAB
axis points towards the positron arm of the spectrometer. This is a left-handed coordinate system.
These coordinates are essentially the same as the standard Stanford Linear Collider coordinate
system except for a reversal of the sign of the x axis.
An alignment procedure described below determines the origins and slight rotations of the CCDi
coordinate axes within the LAB system.

6.2 Set-up and data-taking procedures
Prior to each block of beam time, the alignment of the xed collimators in the photon beamline
was checked with a portable, low-power laser. Most other systems were also checked at this time;
however, long-term operation of the thermo-electric coolers was deferred until after the vacuum
system was sealed and pumped down. Once the cooling system was fully operational, a nal check
was performed to verify CCD noise levels were acceptable and that bias levels did not exceed the
available range.
Immediately prior to data-taking, the external DC bias levels were adjusted such that the
unexposed pixels read slightly above 0 ADC counts while the \blacker-than-black" frames of the
CCD signals read near 255 ADC counts. The number of noise hits per plane per event was noted
for later reference: typically it was 100 to 200 hits per event.
Proper steering of the high energy photon beam through the collimators was required in order to
minimize synchrotron backgrounds and undesirable beam-clipping e ects. To accomplish this, a foil
was inserted at the interaction point, which created a steady, intense beam of high-energy photons,
and the electron beam's trajectory was adjusted manually to maximize transmission of photons
to the end of the line. Then, the signal on four scintillators around the beamline downstream of
the CCDs was monitored while the beam trajectory was scanned systematically by computer: the
best trajectory was one which minimized the scintillator signals while maintaining transmission. A
computer-controlled feedback was activated to maintain the beam steering. Finally, the foil at the
interaction point was removed, and the CCD stages were sent to their \home" position, directly
in the photon beam line. These CCDs were able to directly image the synchrotron light from the
electron beam. The setpoints of the beam trajectory feedback were then ne-tuned such that the
collimators blocked the synchrotron light from the 0.5-mrad bending magnets on either side of the
interaction region. The synchrotron radiation from the 0.06-mrad bends remained, with a slight
overlap which indicated the beam position.
After beam steering, the positions of the CCDs and gamma-converters were found to within
0.3 mm using the synchrotron light. The aluminum foil on the gamma-converter fork blocked the
synchrotron light when inserted in the beam, and so its edge could be located precisely. The other
materials could then be found by moving the converter fork a known amount in relation to this
reference. Similarly, once the beam position was known from the synchrotron light image with the
CCDs at their \home" position, it was possible to know their position with respect to the beam
after moving them by counting steps on the stage motors.
The total alignment process took approximately 16 hours of beam time. Once this process was
complete, the CCDs were moved into position to intercept tracks in the desired momentum range
and data-taking was begun.
During the course of data-taking, the number of hits in each CCD was monitored in real time.
The electron beam was periodically deliberately suppressed, allowing the number of noise hits to be
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checked and compared with the previously-recorded levels. This provided a quick way to determine
if the bias levels needed adjustment: when the number of hits became too low or too high, bias
levels were adjusted and pedestal frames reacquired. The electron beam trajectory, beam current,
laser performance, collision eciency, and photon-loss scintillators were also monitored in real time.
A nal o -line alignment of the CCD positions in their data-taking positions was performed1
using the track data. Starting from the approximate alignment described above, o sets were
adjusted to maximize the correlation of hit positions between planes. After track reconstruction
[Chapter 7], slight relative rotations and o sets in the horizontal and vertical directions were made
to minimize any systematic deviation of hits from their tracks.
The absolute position and angle of an entire arm of the spectrometer is inherited from the more
basic alignment. Indeed, after all analysis was complete, it became apparent that the rear CCD
stages must have been further out and had a slight rotation of their upstream faces towards the
beamline, resulting in slightly too-shallow tracks. This is apparent in the o sets of the edges in the
raw hit distributions, for example (as discussed in connection with Figs. 6.10 and 6.11 below), as
well as in the location of the reconstructed kinematic edge. One way of addressing this issue would
be to adjust the alignment data and reprocessing all the data, but an equally-valid method is to
correct the reconstructed track data by adding 0.36 mrad to the magnitude of all track x angles;
this later approach was used for the present data.

6.3 Performance
In this section, the performance of the system as a set of \hit" detectors is detailed. The track
reconstruction performance is detailed elsewhere [Chapter 7].

6.3.1 Stochastic noise hits
One aspect of system performance is the presence of random hits from stochastic noise sources such
as leakage current. Figure 6.4 shows the charge distribution of hits seen during a \pedestal run"
(number 15319) during which no beam was present. These beam-o background hits are almost
exclusively due to noise.2 In Fig. 6.4, data has been summed over all events and all planes: the
multiple peaks at the high-charge endpoint are due to di erent saturation levels (after pedestal
subtraction) in the di erent planes.
Figure 6.5 shows the two-dimensional distribution of background hits in CCD plane 7 summed
over the entire run. Physical positions in the lab coordinate system and the corresponding track
momentum (for magnet set to 247.5 GeV/c kick) are indicated. The distribution is uniform, except
at the leading edge of each scan line (physically at the +^ylab edge, due to the rotation of the CCDs),
where a transient \ghost" of the frame signal biases the hit threshold signi cantly: this transient
has decayed to insigni cance well before the interesting area 3 mm around ylab = 0. In short, the
stochastic noise may be regarded as essentially uniform in its position distribution.
1 Alignment analysis by Eric Prebys.
2 In the 163 events of this run, 35878 hits were found in plane 7, and 4 tracks were found in the spectrometer overall.

This number of tracks far exceeds the number expected from random chance, and suggests a horizontal particle ux of
30 m,2 s,1 , approximately one-third of the (mostly vertical) cosmic ray ux. These horizontal particles are probably
muons produced by the electron beam in the upstream beam stopper. (The ionization energy loss of a high-energy
muon in a CCD plane is identical to that of an electron.) In any event, the few extra hits in the rear CCDs due to
this background particle ux are insigni cant compared to the stochastic noise hits.
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Figure 6.4: Distribution of charge of hits seen during a \pedestal run" 15319, during which no
beam was present.
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Figure 6.5: Two-dimensional distribution of hits seen in CCD plane 7 during pedestal run 15319,
summed over the entire run. The circle indicates the intercept of the one track detected in this
arm of the spectrometer.
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Figure 6.6: Two-dimensional distribution of hits seen in CCD plane 6 during pedestal run 15319,
summed over the entire run. The three circles indicate the intercepts of the three tracks detected
in this arm of the spectrometer.

6.3.2 Signal hits
Even more interesting than the properties of the stochastic noise hits are the properties of hits
created by real particles passing through the CCDs. For laser-electron collision data, one way of
distinguishing stochastic noise hits from \real" hits is by position: hits from particles originated by
collisions at IP1 fall in a narrow band in each CCD, due to the small emittance and high energy
of the electron beam. Another distinguishing feature is whether the hits can be combined to form
tracks.
The narrow band referred to above may be seen by plotting the two-dimension distribution of
hits separated according to the number of tracks on which they lie. Figure 6.7 shows the positions
of raw hits and track intercepts in plane 7, from data taken with the thin foil converter and modest
laser energy (run number 15228). Figure 6.8 shows the two-dimensional distribution of hits in a
di erent form, where the data has been binned in two dimensions; each bin is 1 pixel tall and 22
pixels wide. At left, only hits used to form tracks are shown, and at right, hits which could not
be matched are shown. The distribution of background hits remains uniform when the beam is
present.
The hit density in the \signal" region of the CCDs can be extremely high, as shown in Fig. 6.9,
which shows a single event in run 15296, a high laser energy, thick foil run. Figure 6.12 shows the
distributions of matched and unmatched hits after summation over all events. The 22-pixel bin
with the highest occupancy integrated 198 hits over the 1479 events in this run. The mean number
of matched hits per event in this data is 184, while the peak number of matched hits per event
exceeds 1800, so the peak hit density per pixel approaches 0.06 hits per pixel. The e ect of high
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Figure 6.8: Lego-style histograms showing the two-dimensional distribution of hits for thin converter
foil data (run 15228): at left, hits which could not be matched with tracks are used, and at right,
only hits used to form tracks are included. Bin area is 22 pixels; 73 events are summed.
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Figure 6.9: Hits in plane 7 for a single event in run 15296.
hit density is discussed further in [Chapter 7].
Fig. 6.10 shows the data plotted in Fig. 6.12 (and similar data for the other planes) projected
onto the x axis, for each plane of the spectrometer, with the expected distribution shown with
tted horizontal o set, vertical scale factor, and noise hit level. Fig. 6.11 shows the hit distribution
for data from run 15339, a similar data set in all respects except for the magnet setting: 219
MeV/c kick instead of 247.5 MeV/c. Note that in these gures, only hits lying within 49 pixels
of yLAB = 0 have been used, thus including essentially all \signal" hits while reducing the number
of uniform background hits by roughly a factor of 7. The estimated errors on the tted horizontal
shifts (denoted x in the gures) are each 0:02 mm. The horizontal shifts are consistent with
a systematic over-estimation of the separation of the two arms by 1.6 mm, with a compensating
inward rotation of each arm.
The hit distributions show a sudden and unexpected cuto on the outside. This is a general
feature of the data, present in all CCDs. For a given magnet setting, the cuto appears at the
same momentum in each CCD in the back planes, at a di erent physical position in each plane,
suggesting that the cuto does not originate from a CCD-speci c e ect. The cuto is present in
the front planes as well, but the location of the cuto cannot be determined accurately due to the
heavy saturation of these planes. At di erent magnet settings, the cuto is always at the same
positions in each CCD, suggesting that the cuto originates from some physical aperture upstream
of the CCDs and downstream or inside of the magnet. According to the design, no such physical
aperture is supposed to exist. This e ect is not understood, but since the analysis only considers
tracks with momenta over 26 GeV/c, it assumed that the phenomenon can be safely ignored.
Figure 6.13 shows charge distributions for unmatched hits, hits uniquely matched to a single
track, and hits used in multiple tracks, for the thick-foil data in run 15296. Note that the charge
of a hit is only weakly used in deciding whether a track is valid: in order to be accepted as a track,
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Figure 6.10: Hit position distribution in all planes in run 15296.

The Tracking Spectrometer

20000
15000

121

18 19 26 29 GeV/c

CCD plane 1
δx= 1.08 mm
eff.= 0.79

29 26 19 18

CCD plane 0
δx=-1.20 mm
eff.= 0.61

10000
5000
0

-30

-20

-10

0

10

20

30
[mm]

10000

18 19

26

29 GeV/c

29

CCD plane 3
δx= 0.75 mm
eff.= 0.95

7500
5000

26

19 18

CCD plane 2
δx=-0.86 mm
eff.= 1.13

2500
0

-30

-20

-10

0

10

20

30
[mm]

10000

18 19

26

29 GeV/c

29

CCD plane 5
δx= 0.75 mm
eff.= 0.97

7500
5000

26

19 18

CCD plane 4
δx=-0.87 mm
eff.= 1.00

2500
0

-30

-20

-10

0

10

20

30
[mm]

10000

18 19

26

29 GeV/c

29

CCD plane 7
δx= 0.84 mm
eff.= 1.00

7500
5000

26

19 18

CCD plane 6
δx=-0.85 mm
eff.= 1.07

2500
0

-30

-20

-10

0

10

20

30
[mm]

Figure 6.11: Hit position distribution in all planes in run 15339, a data set quite similar to run
15296 except that the spectrometer magnet 5D36 was set to 219 MeV/c kick instead of 247.5
MeV/c.
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Figure 6.12: Lego-style histograms showing the two-dimensional distribution of hits for thick converter foil data (run 15296): at left, hits which could not be matched with tracks are included, and
at right, only hits used to form tracks are used. Bin area is 22 pixels; 1479 events are summed.

Figure 6.13: Charge distributions for unmatched hits (left), hits uniquely matched to a single track
(middle), and hits used in multiple tracks (right), using the same data set as the previous gure.
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only one of the hits used must have charge above 1000 counts. In principle, a track could have two
out of three hits with charge below 1000 counts. In practice, it is seen that low-charge hits rarely
if ever form a valid track.

6.3.3 Signal hit clusters
Another feature of the CCD system performance that could a ect the track reconstruction is the
creation of hit clusters. Occasionally, a particle will produce a hit in more than one pixel, either by
striking right on the boundary between two pixels, or through showering, or through some other
process. Additionally, occasionally a low-energy \knock-on" electron inside the CCD will have a
direction of motion parallel to the plane of the CCD, resulting in a long, linear pattern of hits in a
single CCD, as can be clearly seen in the raw hit gures above.
In analyzing low-rate data, it is often supposed that one should collect all hits within a certain
distance of each other into a single logical point, and t tracks to those points. This introduces
dead space around each track, which is generally acceptable for low-rate data, but is unacceptable
when processing the high- ux data of this experiment.
In order to properly include the multiple-hit cluster e ect in the Monte-Carlo simulation discussed below, it is necessary to assess how often a single particle creates multiple hits in a CCD and
to have some idea of the distribution of hits in the multiple-hit clusters. For a rst estimate of the
probability of multiple hits, it is sucient to count the total number of hits near tted tracks and
the number of such hits which also have one or more immediately adjacent, lower charge3 neighbor
hit(s), and take the ratio: this ratio is found to be 0.3. Note that this agrees very well with the
ratio of the number of raw hits seen to number expected, which is approximately 1.3, as plotted in
Figs. 6.10 and 6.11.
To study the distribution of these neighboring hits, the \point spread function" of multiple-hit
clusters used in tted tracks is studied. The point spread function shows the distribution of hits
around the track's hit: the bin at the (0,0) position just counts the total number of tracks, the bin
at the (1,0) position counts the number of coincident hits o set by one unit along the +^x direction,
etc. Fig. 6.14 shows the point spread function summed over the six rear planes, using data from
the representative high- ux run 15296. Only the pixels immediately adjacent to tracks show any
excess over the uniform level expected from the overall number of hits.

6.3.4 Hit eciency and ux-correlated background
The nal aspect of CCD system performance to be considered is hit detection eciency. Since the
photon spectrum is dominated by the well-known Compton spectrum, and since pair production
is also a well-known process, the number of particles intercepting a plane is easily calculated for a
given total number of photons, converter foil thickness, and magnet setting. For the case where the
magnet is set to 247.5 GeV/c transverse kick and the foil thickness is 5:6  10,4 radiation lengths,
the calculation yields 4:0  10,5 tracks per photon for a low-momentum cut-o of 19 GeV/c, and
4:7  10,5 tracks per photon for a low-momentum cut-o of 18 GeV/c.
Fig. 6.15 shows the average number of hits seen in each CCD plane as a function of the total
number of particles expected, using data from run 15296, where the total number of photons is
estimated using the Cherenkov monitors EC31 and EC37. The data are tted to a line in each case.
3 Counting only the hits whose charge exceeds that of its neighbors avoids over-counting the number of multi-hit

clusters.
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Figure 6.14: Point spread function summed over the six rear planes (see text). A Lego-style plot
of raw hit counts is shown at left, and the values as a percentage of central peak are tabulated at
right. Data is from run 15296.
The front planes' hit bu ers saturated on the highest ux events during this run, but this is not a
problem as only the back planes are used in the track reconstruction for high- ux data. The linear
relationship between number of tracks expected and number of hits observed holds quite well, but
the magnitude of the slope is quite interesting: in the back planes, approximately 3 hits in each
plane are seen per particle expected, and 8 to 11 hits per particle expected are seen in the front
plane. This is in contrast with the previous nding that the absolute scale of the hit distributions
in the signal portion of the CCD, as plotted in Figs. 6.10 and 6.11, is consistent with the number of
particles expected and a 30% probability of adjacent \neighbor hits" accompanying a given track.
The explanation is that there is a uniform distribution of additional \noise" hits whose number
is proportional to the number of \signal" hits. Supporting this explanation, Fig. 6.16 plots the
number of hits seen in each CCD plane as a function of the number of hits seen in the \signal"
region selected for Figs. 6.10 and 6.11, i.e., a band 99 pixels tall centered around yLAB = 0. The
total number of hits above the no-signal background is approximately twice the number of hits in
the 99-pixel-tall signal band in the back planes.
In Fig. 6.17, the detection eciency and background level are plotted for each run in the
experiment, as judged by linear ts of the number of hits in each CCD to the number of photons
produced at IP1. Clearly, there were excursions in the system eciency, but the eciency was
generally good and not wildly unstable. One exceptionally unstable period was run 15280, during
which the converter fork was moved starting approximately at event 800, and the electron beam rate
was changed from 10 Hz to 30 Hz at event 1600. Data from this run is plotted versus event number
in Fig. 6.18; the behavior of all planes is similar, but for clarity, only plane 7 is plotted. Increasing
the beam rate only increases the level of the signal-uncorrelated background, while changes in the
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Figure 6.15: Average number of hits seen in each CCD plane as a function of the total number of
particles expected, using data from run 15296.

126

High Field QED

Figure 6.16: Number of hits seen in each CCD plane as a function of the number of hits seen in
the region within 50 pixels of the signal band, using data from run 15296.
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converter fork thickness obviously a ect the signal rate.

6.4 Monte Carlo simulation of the CCD tracking spectrometer
system
The photon production, pair conversion, hit detection, and track reconstruction are simulated using
straightforward Monte Carlo techniques. Multiple simulated events are generated for speci ed, xed
collision parameters. For each event, the following steps are performed:
1. The photon spectrum corresponding to the given interaction parameters is obtained from the
look-up tables[26].
2. A list of photons to be converted is generated, distributed randomly according to the photon
spectrum. The mean number of photons in the list is equal to the total number of photons
in the spectrum times the thickness of the converter in conversion lengths.
3. The Compton scattering angle for each photon is calculated based on its momentum, with
azimuthal angle chosen randomly.
4. An additional random contribution to each photon's horizontal and vertical angles is introduced according to the electron beam emittance.
5. The resulting position of each photon at the converter foil is calculated.
6. Each photon is split into an electron and a positron, with momentum distributed according
to the Bethe-Heitler di erential cross-section. The appropriate angular \kick" is introduced.
7. The positions of the charged particles at each CCD plane are calculated.
8. Track intercept positions are converted to CCD pixel coordinates, and charge depositions
are calculated according to a semi-empirical model. Each CCD has a hit list in which the
x-position/y-position/charge triplets are accumulated. In roughly 30% of the hits, a direction
of motion in the plane is randomly chosen and neighbor hit is added one pixel o set in that
direction; 30% of those neighbor hits themselves have neighbors o set along the same direction
of motion, leading to streak-like features in a small fraction of events.
9. Background hits are added. The simulated background consists of 200 isolated hits with
charges distributed according to the empirical stochastic noise hit charge distribution, plus
an extra hit with the same properties as a \signal" hit for every track hit added in the previous
step. (cf Fig. 6.16) These background hits are uniformly distributed in the CCD plane.
10. Finally, the hit lists are sorted, hits on the same pixel are combined, and the results written
out in the same format as used by the data acquisition system. The resulting data le is later
analyzed by the same reconstruction code that is used for the real data [Chapter 7].
The hits in a single simulated event are shown in Fig. 6.19. This data was simulated for

foc = 0:30, with all other focal parameters at the standard values speci ed in the GLC4 lookup
table [Chapter 5]. Note that the vertical distribution of tracks is much tighter in the Monte Carlo
data than in the real data (Fig. 6.9). The Monte Carlo includes all known contributions to vertical
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Figure 6.17: CCD performance versus time, as judged by linear ts of the number of hits in each
CCD to the number of photons produced at IP1. Here, \time" has been expressed in terms of run
number, and the slope of the linear t has been normalized in the same manner as in Fig. 6.15.
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Figure 6.18: CCD performance versus time during run 15280. CCD plane 7 only. See text.
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Figure 6.19: Hits in plane 7 for a single event in a simulated data set with foc = 0:30.
dispersion of the tracks, and only one of these contributions relies on an experiment-speci c measurement: the electron beam angular divergence at IP1, calculated from the upstream emittance
and the dispersion at IP1 as measured by various standard beam optics techniques. It is likely the
electron beam vertical angular divergence was larger than calculated. However, tighter clustering
of the tracks only exaggerates the e ect of high ux, and since a primary purpose of the CCD
system simulation is to test the performance of the reconstruction algorithm at high track density,
the vertical angular divergence was left as inferred from the beam diagnostics.

6.5 Conclusions
The CCD tracking spectrometer system performed largely in accordance with design expectations.
The horizontal distribution of hits within the CCD planes is as expected within the range of interest;
an unexpected low-momentum cut-o does not appear to be of concern. The vertical distribution
of hits is wider than predicted, which can only improve the performance of the track reconstruction
algorithm. A uniformly-distributed background correlated with the electron beam rate is seen,
and an additional uniformly-distributed background correlated with the photon ux from IP1 is
also seen. With the exception of the wider-than-expected vertical distribution, all of these e ects,
plus the observed charge distributions and cluster formation probabilities, are incorporated into
the Monte Carlo simulation of the CCD system.

Chapter 7

CCD Track Reconstruction for E-144:
Assuring Uniform Eciency for High
and Low Track Density
Synopsis

The problem of track reconstruction for E-144's pair spectrometer is unremarkable except in
that the outer portion of each CCD plane has a much higher hit density than the inner portion,
due to the large dynamic range between orders of the spectrum being studied. The physics result
would be adversely a ected if the eciency of track reconstruction and fake rejection di ered
signi cantly between the two regions. Therefore, it is desirable that the track reconstruction
eciency should be well-matched in the two regions, or failing that, that the eciencies should be
well-known. Here, the reconstruction algorithm is discussed in detail, with particular attention
paid to the issue of systematic variations in performance as a function of track density. Results
of a Monte-Carlo study are presented and compared to conditions encountered in the August
1996 data. It is concluded that using raw hits with no \clustering" and allowing no more than
one hit to be shared between two tracks provides the best performance at all encountered track
densities.

7.1 Introduction
The bulk of the useful CCD pair spectrometer data comes from August 1996 positron search runs,
in which 106 to 107 high energy photons were produced on each event. About 25,000 laser \shots"
were sampled with the CCD systems active, using a 5:6  10,4 X0 aluminum foil for the converter for
roughly 2,300 of the shots, a thinner nitrocellulose foil for another 5,100 shots, and the remainder
of the data devoted to using (or trying to locate) various much-thinner wires. So far, the most
usable data has proved to be the aluminum foil data.
With 107 high energy photons incident on a 5:6  10,4 X0 target, one naturally gets a large
number of pairs produced: (7=9)  107  5:6  10,4 
= 4; 400 pairs per event, to be speci c. Most of
these are produced by photons in the linear (n = 1) portion of the Compton spectrum. This high
number of tracks makes identi cation of a given track's oppositely charged counterpart practically
impossible if either track falls in the densely populated portion of the spectrum below the n = 1
kinematic edge. Furthermore, all pairs have at least one component below the n = 1 kinematic
edge, because the beam energy at 46.6 GeV is less than half the n = 1 kinematic edge at 29.0 GeV.
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Figure 7.1: Simulated \single-arm" track spectrum for a single event using August 1996 (\GLC4")
standard interaction parameters. A \close-up" view of the n=1 edge is provided at the right.
For this reason, we analyze the two arms of the spectrometer independently, comparing the track
spectrum to a theoretical spectrum calculated by convolving the simulated photon spectrum with
the Bethe-Heitler pair spectrum.
Figure 7.1 shows the calculated \single-arm" track spectrum for a single event using August
1996 standard interaction parameters, those used in the \GLC4" lookup table[26, Chapter 5]. At
foc = 0:33, only about 50 tracks per event have momenta over 26 GeV/c, and only 3% of those
tracks have momenta exceeding 30 GeV/c. With only 50 tracks per event expected in the region of
interest, one might wonder if there is really any signi cant challenge in the track reconstruction. In
fact, there is, because the photons are near the endpoint of the Compton spectrum and therefore
have small scattering angle, and the linear-collider-style \ at" beam has low vertical emittance,
leading to a relatively high track density in the CCDs.
The need for high track detection eciency in the presence of high density motivates the decision
to avoid combining hits into clusters. Because the tracks are so parallel, allowing or disallowing
shared hits does not directly a ect the eciency of \real" track reconstruction, but the number of
\fake" track candidates formed from improper combinations of \real" hits varies non-linearly with
the track density, and the choice of number of shared hits to allow is critical in controlling the e ect
of combinatoric fakes.
The rst section below is a brief outline of the track- nding algorithm. The next section
is dedicated to a quantitative discussion of the track reconstruction challenges implicit in the
theoretical spectrum plotted in Fig. 7.1. Results of Monte Carlo studies are presented and compared
to conditions encountered in the August 1996 data, with particular attention paid to the issue of
systematic variations in performance as a function of track density. It is concluded that using
raw hits with no \clustering" and allowing no more than one hit to be shared between two tracks
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provides the best performance at all encountered track densities in the Monte Carlo simulation,
and that all indications are this should be true for the \real data" as well.

7.2 Track reconstruction algorithm
The original CCD data acquisition code and standard track reconstruction code for E-144 was
written by Eric Prebys. For the most part, this code has remained unchanged, with only slight
modi cations made by this author. In brief, the data acquisition system scans each digitized frame
from the CCD and constructs a list containing the coordinates of each pixel whose signal exceeds
a set threshold above its pedestal reading; each such entry is called a \hit." This list of hits is
written to disk and can be analyzed and re-analyzed o line as desired. The task of the track
reconstruction software is to nd the set of tracks that best matches the set of hits recorded for
each event.
Given suitable alignment data (as described below), the track reconstruction proceeds as follows:
1. Optionally, gather hits which are close together into \clusters."
2. Convert CCD coordinate positions of clusters (or hits) to \points" in a common three dimensional coordinate system.
3. Construct track candidates using the hits in the three back planes. The exact procedure
followed depends on the number of allowed shared points. Track candidates are subjected a
2 cut and/or cut on the maximum distance of the tted track from its points. Optimizations
of the implied loops over points are made by exploiting a known ordering of the point lists
and the known cuts.
4. Optionally, attempt to construct four-hit track candidates by associating hits in the front
CCD with three-hit tracks already found.
5. Optionally, cull the list of track candidates to eliminate unacceptable sharing of points between tracks. (This culling is always performed except when performing special tests to debug
the algorithm.)
6. For each nal track, calculate the \available nearby pixel ratio" by examining a box 5 pixels
high and 15 pixels wide centered around each of the track's rear hits, counting the number of
un-hit pixels outside of any hit pixel's clustering radius, and taking the ratio of the number
of such pixels to the maximum number of such pixels possible in the limit of zero noise and
in nitesimal ux. This \available nearby pixel ratio" is useful in studying the e ect of hit
density on track detection eciency.
Track data is written to a data summary le in n-tuple format, along with event and run number
data that allows association of track information with other E-144 detectors.

7.3 Momentum calculation and depixelization
The momentum of a track can be calculated from the horizontal angle of the track x and the
transverse kick of the magnet pkick :
(7.1)
ptrack (x) = pjkickj :
x
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In single-arm mode, only the rear three CCDs of each arm of the spectrometer are used. The
22.5-m pixel size and 100-mm separation of the planes results in spikes in the x and ptrack (x )
distributions. It would be possible to remove these spikes by randomly shifting \hit" positions 0:5
pixels prior to track tting, but this would degrade the momentum resolution.
It is also possible to calculate momentum from a track's tted position in the rear CCDs, 2.5 m
downstream of the magnet's centerplane. The e ect of the 22.5-m pixel size over a 2.5-m lever
arm is an order of magnitude smaller than the e ect on the track angle data. Given the average
position of all tracks at the magnet's centerplane xMAG0 , and a given track's position xCCD at a
distance zCCD-MAG 
= 2:5 m downstream, the momentum is

ptrack (xMAG0 ) = jxpkick zCCD-MAG
, x j :
CCD

(7.2)

MAG0

This is equivalent to estimating the true track angle using the intercept position in the CCD and
assuming the track originates at xMAG0 .
The momentum resolution of the track position method is limited by the beam divergence of
10 rad, which translates into a position spread of 380 m (rms) due to the 38 meter separation of
IP1 and the CCDs. (Away from the Compton endpoint, the angular divergence of the backscattered
photon beam is greater, leading to an even greater rms spread of track origins in the magnet.) The
momentum resolution using the position method is actually lower than the resolution of the track
angle method.
Note that the dominant sources of error in the two methods are uncorrelated. A weighted
average of the results of the two methods can provide the highest resolution for track momentum
with no spikes due to pixelization and no additional randomization required:

ptrack (xMAG0 ; x) =

pkick
3 x + 1 (xCCD , xMAG0 )=zCCD-MAG
4
4

:

(7.3)

In essence, the quantity ((xCCD , xMAG0 )=zCCD-MAG , x )=4 is used instead of a software random
number generator to \depixelize" the track angles.
After all alignment and track reconstruction was completed, a slight variation with magnet
setting was noticed in the apparent momentum of the kinematic edges, as shown in Fig. 7.2. This
was interpreted as arising from either an error in the measurement of the magnet saturation curve
or an overall systematic rotation of the CCD planes. Figure 7.3 shows the results of applying
the Kolmogorov-Smirnov consistency test[50] to track momentum data from two di erent magnet
settings as a function of a systematic shift in the momentum. Clearly, a correction is required.
As discussed previously[Chapter 6], the absolute position and rotation of the two arms in space
is not known with as much precision as the relative position of the CCDs within a given arm. The
correction was therefore implemented by increasing the magnitude of all track horizontal angles
0.36 mrad, assuming that the source of the variation of edge position with magnet setting described
above is due to overall misalignment of the spectrometer arms. Subsequent detailed study of the
horizontal distribution of hits within each CCD also supports this interpretation, as discussed
previously.
Figure 7.4 shows the consistency of momentum distributions drawn from two arms of the spectrometer at the nominal magnet setting: no angle correction between arms is required.
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Figure 7.2: Distribution of reconstructed track angle divided by magnet kick, for two di erent
magnet settings: 247.5 MeV/c (solid) and 219 MeV/c (dashed).

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

-0.6

-0.4

-0.2

0

0.2

0.4
0.6
∆(Θ/pkick) [mrad/(GeV/c)]

Figure 7.3: Probability of the reconstructed track momenta at the two di erent magnet settings
219 MeV/c and 247.5 MeV/c being drawn the same distribution, as a function of systematic shift
in track angle.
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Figure 7.4: Probability of the momentum distributions from di erent arms being the same, as a
function of systematic relative horizontal angle correction. Solid circles are from thick foil data at
247.5 MeV/c kick, open circles are from thick foil data at 219 MeV/c kick.

7.4 Quantitative discussion of a simulated example case
The simulated spectrum includes tracks from either arm of the spectrometer. There are approximately 24 tracks/arm in the 26 to 29 GeV/c momentum range in the example case of Fig. 7.1,
with an approximately linear fall to zero density at the kinematic edge, so the track momentum
density in a single arm is about 16 tracks/GeV/c near 26 GeV/c. The linear spatial density of hits
in a CCD at distance z from the magnet is

dN =  dx ,1 dN = p2track dN
dx
dp
dp zpkick dp
' (26 GeV/c)2 (2:4 m),1 (0:2475 GeV/c),1 (16 tracks/GeV)
= 18 tracks/mm,

(7.4)
(7.5)

where pkick is the transverse kick of the magnet (usually 247:5 MeV/c) and z ' 2:4 m for the rst
CCD of the rear group of three. The CCD pixels are 0.0225 mm across, so this track linear density
corresponds to a respectable 0.4 tracks per linear pixel.
The vertical angular divergence of the beam and the angular divergence introduced by the
Bethe-Heitler pair creation process expand the track distribution vertically and reduce the track
density per square pixel somewhat, but not enough to eliminate all concern regarding track density
e ects. With a 30 m (rms) waist at IP1 and a beam vertical geometric emittance less than
3  10,11 meter-radians, the divergence was under 1 rad. Given a 38 m separation between IP1
and the CCD's, the contribution to the vertical position dispersion from the emittance was less
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than 38 m, which is less than 2 pixel sizes. The contribution from the Bethe-Heitler kick at the
converter foil is more signi cant: B-H ' mc=p = 0:511=26000 ' 20rad, over 3.4 m, gives a 67 m
contribution to the rms vertical spread. Adding the emittance and Bethe-Heitler contributions in
quadrature gives 77 m. In the data actually acquired, the minimum vertical rms spread of the
tracks in the CCDs is about twice this number. Using the observed number, the density per unit
area is half as high as otherwise expected, but it is still high:
dN = p 1 dN
(7.6)
dA
2y dx
' 0:3989 (150 m),1 (22:5 m/pixel) (0:4 tracks/linear pixel)
(7.7)
= 0:024 tracks/square pixel.
This track density is high enough to motivate the use of single-pixel hits in the track reconstruction, as opposed to combining all hits within an appropriately centered block of m pixels into
a single cluster, due to the high probability of cluster sharing if m is much larger than 1. The
probability of a cluster centered on a track in a given CCD being hit by one or more other tracks is
1 , (1 , p)m , where p is the density of hits per square pixel. In the example case, p ' 0:024, so the
probability of cluster sharing is 45% for a 5x5 block, 20% for a 3x3 block, but only 2% for a single
pixel. Furthermore, the total angular divergence of the tracks multiplied by the interplane spacing
of the back CCDs is less than one pixel size, so that any two \real" tracks sharing a cluster in one
plane will share clusters in all three planes.
The decision whether to allow sharing of hits, and the determination of how many shared hits
to allow per track, is determined by the e ects of \fake" combinations of tracks. The number of
\fakes" varies non-linearly with the track density. This e ect can not be easily quanti ed using
a single example, but it can be described. If all possible combinations of tracks are allowed, too
many fakes get into the passband of the nal signal cuts; however, disallowing all shared hits may
have the e ect of reducing the reconstruction eciency for real tracks, since it may happen that a
\fake" that would be rejected in the nal analysis has a lower 2 than the track actually associated
with a hit, due to the pixelization of the CCDs. The Monte Carlo simulation of the CCD system,
described in the next section, is the best tool for analyzing this issue quantitatively.

7.5 Features of the combinatoric background
Fig. 7.5 shows the observed distribution of the positions of tracks at the center plane of the magnet.
This distribution is well described by a sum of two gaussians: a narrow gaussian with rms  0:6
mm and a wider gaussian with rms  6 mm. The narrow gaussian width is consistent with the
expected track angle resolution of the system; the wide gaussian width is consistent with the
expected distribution of combinatoric backgrounds.
Figure 7.6 shows the geometry of combinatoric \fake" tracks constructed from \real" hits. Three
nearby tracks create hits which can be combined in multiple ways. Most incorrect combinations
do not point back into the origin of \true" tracks, unless they share two hits with a \true" track,
in which case one track is accepted and one rejected as described above.
Figures 7.7 and 7.8 show the distribution of magnet plane intercept positions for shallow angle
(high momentum) tracks. They are also well described by two gaussians, but in this case, the
combinatoric background is displaced away from the center position of the magnet. This is consistent with the idea that the combinatoric backgrounds are dominated by hits intercepting the
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Figure 7.5: The two-dimensional distribution of the track positions at the center plane of the
magnet. Box size is proportional to number of tracks in the bin.
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a)

b)

c)

Figure 7.6: Hypothetical examples of \fake" (combinatoric background) tracks constructed from
hits from \real" tracks. Three real tracks and their associated hits are shown in (a). In (b)
are shown examples of combinatoric tracks contributing to the wide gaussian distribution in
the XMAG/YMAG plane; two of the combinatoric \fakes" share no more than one hit with a
lower-chi-squared track. Examples of \fake" tracks pointing into the narrow \signal" peak in the
XMAG/YMAG plane are shown in (c), all of which share two hits with another track.
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Figure 7.7: The distribution of the track positions at the center plane of the magnet, using only
electron tracks with shallow angles (high momentum).
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Figure 7.8: The distribution of the shallow-angle positron track positions at the center plane of the
magnet.
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most densely hit part of the CCDs, which in this case is the part of the CCDs intercepted by the
particles with energies less than the Compton kinematic edge. Since only tracks with shallow angle
are shown in the Figure, the \fakes" produced by hits in the CCD furthest from the beamline
naturally tend to project back to a position away from the center of the magnet. This is fortunate
since the number of \real" tracks at high momentum is so small.
In order to limit the number of \fake" tracks contaminating the signal, the analysis was con ned
to tracks whose horizontal position at the magnet centerplane, xmag , was within 2 mm of the
centroid. The \signal" was taken to be the number of tracks whose vertical position at the magnet
center plane, ymag, was within 1.5 mm of the centroid, and the number of tracks with ymag between
1.5 mm and 3.0 mm of the centroid was used as an estimate of the background.
The size of the combinatoric background's gaussian distribution is signi cantly greater than the
dimensions of the rectangular \signal" and \background" regions described above. For this reason,
the number of combinatoric background tracks in the signal and background regions are about
the same, and that number is proportional to exp(,(xo (p)=)2 =2), where xo (p) is the o set of the
background distribution for tracks with momentum p. This o set is expected to be similar to the
di erence between the position at the CCDs where an actual track of that momentum would be
found and the position of the densely-populated region where \fakes" are generated. Transforming
variables to be entirely in terms of momentum, and allowing for a background uniform in vertex
position to account for the relatively small contribution of thermal noise and synchrotron light, the
following form for the backgrounds is obtained:

dNbg = Ae,(p,p0)2 =2 bg =2 + B  p0 2 ;
(7.8)
dp
p
where p is the momentum, and A; B; p0 ; and p;bg are all constants which are best empirically
p;

determined.

7.6 Results of track reconstruction of Monte Carlo data
The Monte Carlo simulation of the CCD system has been previously described [Chapter 6]. Application of the reconstruction procedure to the Monte Carlo data sets produces combinatoric
backgrounds similar to those found in the real data. Figs. 7.9 and 7.10 show the distribution
of track positions projected back the magnet centerplane for all tracks and for high-momentum
positron tracks, generated in exactly the same way as Figs. 7.5 and 7.7. The primary di erence
is the narrower width of the ymag distribution, due to the conservatively small angular divergence
used in the Monte Carlo simulation. The Monte Carlo data set was generated using the \standard"
(GLC4 table) parameters at foc = 0:31. All events in this Monte Carlo data set had 7:5  106
backscattered photons.
The \available nearby pixel ratio" de ned previously is plotted as a function of track momentum
in Fig. 7.11, for the same Monte Carlo data set described previously, using two di erent options
for the reconstruction algorithm: at left, no \cluster- nding" was used, and at right, hits were rst
combined into 3x3 clusters before reconstruction. The decrease in the available nearby pixel ratio
re ects the increase in cluster size from 1 to 9 pixels.
Also plotted in Fig. 7.11 is the true eciency of the reconstruction as a function of momentum for this data set, where the true eciency is the ratio of the sideband-subtracted number of
reconstructed tracks to the actual number of tracks in the Monte Carlo's input spectrum. Fig. 7.6
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Figure 7.9: The two-dimensional distribution of the track positions at the center plane of the
magnet, for Monte Carlo data.

144

High Field QED

Figure 7.10: The two-dimensional distribution of the track positions at the center plane of the
magnet, for Monte Carlo data, after selecting high momentum positron tracks.
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Figure 7.11: Available nearby pixel ratio (circles), and true track reconstruction eciency (squares),
as a function of track momentum, for Monte Carlo data. For the results plotted at left, a reconstruction algorithm with no \cluster- nding" was used, and at right, hits were rst combined into
3x3 clusters before reconstruction.
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Figure 7.12: Track spectra input to the CCD system Monte Carlo (solid histogram), reconstructed
without cluster formation (circles), and reconstructed with formation of 3x3 clusters (squares). The
dashed histogram is simply 1.3 times the solid histogram, for reference. This gure was produced
from the same Monte Carlo data set used to produce Fig. 7.11.
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Figure 7.13: Variation with total number of photons of total number of reconstructed tracks (circles), sideband-subtracted number of tracks in an n = 1-dominated region (squares), and sidebandsubtracted number of tracks in an n = 2-dominated region (triangles), for Monte Carlo data. Solid
lines plot the input to the Monte Carlo from the theory.
shows the input and reconstructed track spectra. Note that the nite resolution of the spectrometer results in an increase in the number of tracks near the n = 1 edge, producing the spike in the
\true eciency" ratio, but the ratio of input to output does provide an accurate eciency estimate
away from the n = 1 edge. The results without clustering have an eciency of 1.3, re ecting the
\neighbor hit" phenomenon. Note that the n = 1 and n = 2 potions of the spectrum are a ected
equally. Grouping hits into clusters brings the eciency to 1.0 in the low-density n = 2 region,
but the eciency in the n = 1 portion is reduced below 0.8. This discrepency in eciency would
be an intensity-dependant e ect, seriously compromising the experiment were it to be allowed. No
cluster nding has been used in any of the analysis of real data.
Monte Carlo data sets were generated for several di erent laser intensities. Figure 7.13 shows
the variation versus total number of photons of the total number of reconstructed tracks (including
combinatoric backgrounds); the number of reconstructed tracks in the n = 1-dominated signal
region from 26 GeV/c to 29 GeV/c, after sideband subtraction; and the number of reconstructed
tracks in the n = 2-dominated signal region from 30 GeV/c to 36 GeV/c, after sideband subtraction.
Also plotted are the actual number of n = 1 and n = 2 tracks according to the input spectra given
as input to the Monte Carlo. Note that the combinatoric background is large at high ux, and
non-linear in the ux, and thus a potential threat to the non-linear Compton analysis. Happily,
this threat can be squashed: the inband minus sideband signals are free of contamination.
The ratios of reconstructed to actual tracks are plotted as a function of total number of backscattered photons in Fig. 7.14.
The track reconstruction eciency is quite good in the Monte Carlo simulation, over all track
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Figure 7.14: True eciency of track reconstruction as a function of total number of photons, using
Monte Carlo data sets as described in the text. Circles show average eciency for n = 1 tracks,
and squares show the average eciency for n = 2 tracks, using momentum ranges described in the
text.
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Figure 7.15: Available nearby pixel ratio (circles), and true track reconstruction eciency (squares),
as a function of track momentum, for real data from run 15296. In calculating the \true" eciency,
a reference spectrum with foc has been used, normalized by observed total number of photons; the
actual value of  may be di erent, so no conclusions can be drawn regarding eciency in regions
where the n = 2 contribution is signi cant.
densities and track momenta of interest.

7.7 Track reconstruction performance with real data
The track density is lower in the real data than in the Monte Carlo. This can be seen by plotting
the available nearby pixel ratio as a function of track momentum using only events having more
than 7  106 backscattered photons. Such a plot appears in Fig. 7.15, superimposed on which is
the Monte Carlo data plotted in Fig. 7.11. The lowest value of the available nearby pixel ratio is
0.95 in this data, in contrast to 0.90 in the Monte Carlo test. Since the tracks are less dense, the
e ects of tracks density are expected be less of a problem in the actual experiment than in the
Monte Carlo.
Although the true reconstruction eciency cannot be assessed in the n = 2 region of the
spectrum without assuming the theory under test, the n = 1 Compton spectrum is very well
known, and the true reconstruction eciency can be calculated for that region; this is also plotted
in Fig. 7.15, using a theoretical spectrum calculated for foc = 0:31 as the reference. The eciency
is indeed near unity throughout most of the n = 1 region, while the low number of observed n = 2
tracks could simply be due to the actual value of  being lower than in the reference spectrum;
note too that the n = 2 spectrum contributes signi cantly to part of the spectrum below the n = 1
edge, between 26 and 29 GeV/c.
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Figure 7.16: Variation with total number of photons of total number of reconstructed tracks (closed
circles), sideband-subtracted number of tracks in an n = 1-dominated region (open circles), and
sideband-subtracted number of tracks in an n = 2-dominated region (open squares), for real data
from run 15296. A solid line shows the theoretical prediction for the n = 1 track rate using the
known n = 1 Compton spectrum and converter foil thickness; a dashed line shows a prediction for
the n = 2 track rate assuming the accepted theory, E-144 \standard" (GLC4) focal parameters,
and foc = 0:31.
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One may also judge the smallness of high track density e ects by the linearity of the number
of reconstructed tracks as a function of total number of backscattered photons. This is shown in
Fig. 7.16. The sideband-subtracted number of n = 1 tracks indeed varies quite linearly with the
number of incident photons.

7.8 Conclusion
It is safe to conclude that the e ects of high track density on combinatoric backgrounds and
track reconstruction eciency are less severe in the real data than in the Monte Carlo. Since
the Monte Carlo shows excellent reconstruction properties, the real data should also be free of any
signi cant combinatoric background contamination or density-dependent track eciency variations.
The linearity of the n = 1 track signal with the independently-measured ux of photons from the
interaction point supports this conclusion.

Chapter 8

Results from the measurement of the
nonlinear Compton photon spectrum
Synopsis

Results are presented for the spectrum of positrons and electrons arising from Bethe-Heitler
conversion of photons from the interaction of 46.6-GeV electrons with the tightly-focused terawatt laser at the E-144 experiment. Particles with energies exceeding the ordinary Compton
kinetic edge are clearly seen, with an endpoint consistent with a process in which two photons
are absorbed and one emitted. However, the total number of such n = 2 particles is signi cantly
less than calculated from theory for the experimental conditions as monitored by independent
detectors. The observed spectrum can be t to a theoretical curve if the laser intensity input
to the theory is adjusted as a free parameter, but the tted laser intensities thus found on
various subsets of the data do not match the Cherenkov-monitor-based laser intensities. This
is not due to polarization e ects in electron multiple scattering, nor can it be due to coherent
multiple photon emission, and rescaling of the Cherenkov monitors cannot simultaneously bring
the electron and photon data into agreement. No adequate explanation for the result exists at
present.

8.1 Introduction
Results from the E-144 electron and positron detectors have been extensively analyzed [1, 4, 51,
52, 49, 6], and found to be in agreement with the simulation to within experimental errors. These
experimental errors are dominated primarily by the systematic accuracy and statistical precision
of the laser focal parameter reconstruction, and secondarily by systematic and/or statistical limitations of the detectors.
Here, detailed results are presented from the CCD tracking spectrometer, which detected the
positrons and electrons created by backscattered photons striking a thin aluminum target. Because
of the high rates, this detector is less limited by statistics than the positron calorimeter; because
of the absence of \splash" and showering in the detector, the systematic diculties present in
the electron calorimeter data are avoided. Additionally, the analysis of this data bene ts from
the cross-calibration of the Cherenkov monitors (as described in [Chapter 4]) which decreases the
systematic uncertainty in the absolute scale of the laser intensity. Thus, this should be our best
data yet.
Clear evidence is seen in the data for the presence of n = 2 non-linear Compton scattering.
Surprisingly, the total rate is about half of what is expected given the observed recoil electron
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yields. These results are presented and analyzed in detail below.

8.2 Results
Tracks were reconstructed and backgrounds estimated using the methods described in [Chapter 7].
Focal properties were estimated on every pulse, as described elsewhere[Chapter 5]. Using this
data, the photon spectrum according to our simulation was calculated and redistributed according
to the Bethe-Heitler spectrum, using the same formulae as used by EGS4[32]. The single-arm
track spectrum thus calculated can be compared directly to the observed data, with an overall
normalization to account for the net system eciency as the only unknown.
Figure 8.1 shows the track spectrum integrated over all events (histogram), the simulation with
tted background and normalization (solid curve), and a scaled and shifted simulation with re- tted
background (curve with long dashes); in the latter curve, adjustments to the signal scale, background scale, background o set, and systematic horizontal angle correction (see Ref. [Chapter 7])
were optimized for maximum likelihood agreement of data to model. The parameters of the ts can
be seen in Table 8.1. In both ts, a region of the spectrum near the n = 1 kinematic edge, from 28
GeV/c to 30 GeV/c, has been excluded from the t. The background estimate from the sidebands
(op. cit.) is also shown (histogram and curve with short dashes). Many features of the data match
the theory very well: the n = 1 kinematic endpoint at 29.0 GeV/c momentum is clearly seen, there
are hundreds of tracks above background in the n = 2 region, and the n = 2 kinematic endpoint at
35.8 GeV/c is obvious. However, there is a clear de cit in the number of tracks in the n = 2 region
relative to the number in the n = 1 region.
The simulation was done for each event using focal parameter data from the Cherenkov monitor
ts[Chapter 5]. The maximum-likelihood \scaled and shifted" curve in Fig. 8.1 uses the same
simulation results. By careful study of Fig. 8.1, one may see that the maximum likelihood optimizer
drastically adjusts the background scaling and o set in order to better t the n = 2 portion of the
spectrum: it actually multiplies the background estimate by a factor of 3.4. However, the results
are not worth the e ort: if the 2 is taken seriously (and it should be), then the probability of
the observed track spectrum being drawn from the expected distribution according to the un tted
model is less than 1 in 3  10185 , whereas if the true distribution were that found by this maximumlikelihood t, the probability of seeing the observed spectrum would be 1 in 4  1032 , an impressive,
yet insucient, 153 orders of magnitude improvement. These 2 ignore the region from 28 GeV/c
to 30 GeV/c: if that region is included, the four-parameter t cannot do nearly so well, and the
2 from both ts are dramatically higher. Furthermore, the multiplication of the background
by a factor of 3.4 is non-physical, and results in a predicted spectrum signi cantly higher than
the observed spectrum near the n = 1 edge, whereas the Monte Carlo simulation of the CCD
system performance predicts that the observed signal should, if anything, be higher than the input
spectrum. Thus, the scaling and shifting of signal and background is ill-advised.
Instead of using the Cherenkov-monitor-derived laser intensity information to calculate the theoretical spectra, it is possible to introduce focal area and/or pulse length as another free parameter.
For such ts, the area and pulse length parameters are varied in some xed relation that maintains the pulse energy constant. Trying many di erent intensities is not too computation-intensive
because of Christian Bula's wonderful simulation look-up tables[26]. With focal intensity thus introduced as a free parameter, the observed spectra in the CCDs can be t quite well; however, it is
apparent from Fig. 8.1 that a signi cantly lower intensity must be required in order to t the data.
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Figure 8.1: The track spectrum integrated over all events (histogram), simulation with tted
background (solid curve), scaled and shifted simulation with re- tted background (curve with long
dashes), and tted background and estimated from sidebands (histogram and curve with short
dashes). The n = 1 kinematic edge is located at 29 GeV/c; data from 28 GeV/c to 30 GeV/c is
excluded from the t to avoid any possibility of near-edge systematic e ects.

Table 8.1: The parameters and 2 per degree of freedom (DOF) for each maximum-likelihood
t. By convention, \signal scale" equals 2.0 in the case of perfect eciency in beam overlap at
IP1 and in track detection in both arms of the spectrometer. Asymmetric errors for  indicate
change required to reduce log-likelihood by 0.5; errors for other parameters are from the canonical
covariance matrix of the t, not including the covariance with .
t description
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Table 8.2: De nition of cuts in Cherenkov-monitor-based  made to separate data into subsets for
analysis of dependence on laser intensity, along with the number of events, average values of 2 and
4 , and fractional systematic e ect of using a single value of  to characterize both n = 1 and n = 2
rates, for the subsets described in the text and Table 8.2. See Table 8.3 for more information.
descr.
very low
low
medium
high
very high

min
0:15
0:20
0:25
0:30
0:35

max no. events
0:20
136
0:25
223
0:30
179
0:35
173
0:40
83

2

:0329
:0508
:0762
:1047
:1404

4 1=2 ( 4 , 2 2)1=2 = 2
:0332
13%
:0512
12%
:0766
11%
:1051
9%
:1408
8%

In order to study the relationship between CCD-derived laser intensities and Cherenkov-monitorderived intensities, the data sample is split into ve approximately-equal subsets according to the
Cherenkov-monitor-based  measurement. Table 8.2 shows the range of Cherenkov- t  accepted
into each of the ve subsets, along with several moments of the  distribution within each bin,
and Table 8.3 shows additional statistical information for each subset, weighting the statistics by
observed rates in various detectors. This statistical information is intended to convince the reader
that systematic e ects from the uctuation of focal parameters in each data set should be small.
Figure 8.2 shows the track spectrum from the ve subsets, and Table 8.1 shows the parameters
for each maximum-likelihood t: signal scaling factor, systematic angle correction, background rescaling, and o set. Note that, by convention, \signal scale" equals 2.0 in the case of perfect beam
overlap at IP1 and perfect track detection and reconstruction in both arms of the spectrometer.
Thus, a scaling factor of 1.5 implies an average value of 75% for the net system eciency. Figure 8.3
plots the CCD-based  t result versus the mean value of Cherenkov- t-based  in each data subset. All of the above-mentioned gures and tables support the conclusion that the forward photon
spectrum appears to be characterized by lower values of  than the electron spectrum measured by
the Cherenkov monitors.
One might wonder if the apparent discrepancy between observation and theory (and/or between
electrons and photons) could be a feature of the tting algorithm or some other uninteresting
systematic e ect. To address this concern, it is helpful to look at something more \raw" than the
t-based  values plotted in Fig. 8.3. Two such \raw" signals in the CCDs are the backgroundsubtracted count of tracks having momentum between 26 and 29 GeV/c, a measure of n = 1 rate,
and the background-subtracted count of tracks with momentum between 30 and 35.6 GeV/c, a
measure of n = 2 rate. (The region between 29 and 30 GeV/c is omitted in order to avoid any
possibility of contamination from n = 1 signal.) These two counts will be called N1CCD and
N2CCD, for convenience; they are plotted versus their corresponding Cherenkov monitor signals,
NGAMMA and N2MO, in various combinations in Fig. 8.4. The expected linear relationship
between the two \raw" n = 1 measurements is observed. As before, a net system eciency of
approximately 75% is deduced from the n = 1 data. A factor-of-two di erence between the CCD
and Cherenkov n = 2 data is observed inpthe \raw" data, which is consistent with the CCD
spectrum ts giving values for  roughly 1= 2 times the Cherenkov-monitor-based data.
The analysis can be further validated using the complete Monte Carlo simulation of the CCD
system described in Ref. [Chapter 7]. This Monte Carlo code was used to generate simulated CCD
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Table 8.3: The mean values of various collision parameters (from the Cherenkov monitor ts), with
at weighting and with weighting by various detector rates.

min max

weighting hi

very low 0:15 0:20

1 :181
N :181
N2MO :183
n = 2 tracks :183
1 :225
N :225
N2MO :227
n = 2 tracks :227
1 :276
N :276
N2MO :277
n = 2 tracks :275
1 :323
N :323
N2MO :325
n = 2 tracks :323
1 :374
N :375
N2MO :376
n = 2 tracks :378

descr.

low

0:20 0:25

medium

0:25 0:30

high

0:30 0:35

very high 0:35 0:40

hAi

h i hE i h(overlap factor)i

[m2 ] [psec] [mJ]
43:4 2:17 322:
43:4 2:17 323:
43:2 2:16 325:
43:9 2:20 337:
37:3 1:88 375:
37:5 1:89 381:
37:9 1:92 396:
37:3 1:87 380:
33:7 1:73 472:
34:1 1:76 484:
34:4 1:78 500:
34:2 1:77 485:
30:8 1:57 536:
31:3 1:60 556:
31:5 1:61 564:
31:3 1:61 556:
27:8 1:39 574:
28:3 1:41 592:
28:3 1:42 597:
28:0 1:40 593:

:516
:543
:548
:564
:583
:615
:622
:651
:606
:659
:658
:640
:564
:616
:613
:611
:573
:628
:630
:678
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Figure 8.2: Track spectrum from ve subsets of the CCD spectrometer data, described in Table
8.2.
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Figure 8.3: CCD-based  t result versus the mean value of Cherenkov- t-based  in each data
subset: vertical error bars are from the CCD data t, and horizontal error bars are the rms of the
distribution of Cherenkov- t .

6

4

60
50

0.08

0.06

0.04

2

40

0.02
0

30
20

0

-2

10
0

-0.02

-4
0

5000

10000
3
x 10

NGAMMA

0

10000

20000

NN2MO

30000

0

0.002

NN2MO/NGAMMA

Figure 8.4: Comparison of \raw" n = 1 and n = 2 data from Cherenkov monitors and CCD
track spectrometer: a) N1CCD vs. NGAMMA for each event; b) N2CCD vs. N2MO for each
event (small points) and ratio of averages for subsamples of the data selected according to tted
N2MO/NGAMMA (larger circles with error bars); c) ratio of average N2CCD to average N1CCD
plotted vs ratio of average N2MO to average NGAMMA, for small subsamples selected as above.
Note that systematic e ects push the ratio to arti cially high values in the low-statistics bins at the
extremes of N2MO/NGAMMA. In each graph, the curve is the model, assuming 75% net system
eciency as suggested by the tted scale parameters in Table 8.1.
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Figure 8.5: Results of analyzing Monte Carlo CCD data: tted  versus the actual value of 
input to the Monte Carlo, with vertical error bars indicating the rms of the tted  from several
independent Monte Carlo data sets, and dashed lines above and below indicating the average of the
upper and lower asymmetric error bar 1-sigma limits. The dotted line has unity slope, indicating
the ideal behavior for the reconstruction and tting algorithm.
data les for collisions at  = 0:10; 0:15; 0:20; 0:25; 0:30; and 0.35. Eleven to thirteen data sets
were generated at each of these values of . The same track reconstruction and analysis code was
applied to these Monte Carlo data sets as was applied to the real data. The results of this analysis
are shown in Table 8.4 and Fig. 8.5, which are analogous to Table 8.1 and Fig. 8.3 for the real
data. There is no sign of any bias or internal inconsistency in the simulation or analysis procedures:
agreement between theory and analyzed Monte Carlo data is excellent at low values of , while at
the very highest , the track eciency degradation in the densely-populated n = 1 region causes a
small systematic increase in apparent .
In [Chapter 5], the point is made that multiple sets of collision geometry parameters can lead
to the same electron Cherenkov monitor readings. Notwithstanding, it is also suggested that there
is e ectively a one-to-one correspondence between Cherenkov monitor readings and the spectrum
of forward photons, i.e., the degeneracy among tted laser focal parameters is largely unimportant,
at least when the parameters are con ned to the limits allowed by the Cherenkov monitor t
algorithm. Nevertheless, there are slight di erences in how the two spectra vary with laser focal
area, and one might wonder if a suciently large shifting of tted focal parameters could bring the
two particle spectra into agreement.
In fact, the \slight di erences" are too small to exploit in this manner, as can be seen from
the power law exponents in Table 8.5, adapted from [Chapter 5]. The area power-law exponents
for the n = 2 electron and photon counts di er by only 0.2, so in order to account for the roughly
factor-of-two discrepancy, the area would have to be increased by a factor of over 30. Assuming
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Table 8.4: The average and rms of t parameters and average and rms 2 (unnormalized, with 45
degrees of freedom) for the maximum-likelihood ts to the Monte Carlo CCD data. At least eleven
simulations were performed at each value of  listed.
 input
 tted sig. scale syst. [rad]
b.g. scale
b.g. o set
2
0.10
0:095  0:033 1:79  0:34
54  61 46:94  85:85 ,0:04  0:09 39  13
0.15
0:144  0:011 1:76  0:16
56  27 11:55  5:76 ,0:06  0:10 33  14
0.20
0:193  0:020 1:72  0:16
61  38
5:85  1:76 ,0:01  0:04 39  14
0.25
0:253  0:016 1:79  0:16
37  27
3:28  0:85 ,0:00  0:01 31  9
0.30
0:303  0:012 1:70  0:13
53  52
2:67  0:36 ,0:00  0:00 29  6
0.35
0:369  0:017 1:61  0:15
87  64
2:20  0:23 0:01  0:03 35  12
0.40
0:439  0:026 1:44  0:21
130  46
2:08  0:23 0:01  0:02 37  9
Table 8.5: Fitted power law exponents for various interesting regions of the electron and photon
spectra. A denotes the laser focal area,  the laser pulse length, and El the total pulse energy,
El / A2 .
electrons
photons
positrons
n=1 n=2 n=3 n=1 n=2
(all)
2 or El ( xed A;  )
1.0
2.0
2.9
1.0
2.0
5.1
A ( xed 2 ;  )
1.0
1.5
1.7
1.0
1.3
2.0
2
 ( xed  ; A)
1.1
1.1
1.0
1.1
1.0
1.1
A ( xed ; El )
0.0 -0.5 -1.2
0.0 -0.7
-3.1
for the sake of discussion that the power-law exponents can be extrapolated that far, then making
such a radical change in area without a corresponding change in pulse energy would accomplish
the factor-of-two change in the relative rates by reducing the absolute number of n = 2 tracks
by a factor of 10 while reducing the absolute number of n = 2 electrons by a factor of 5. This
would be totally incompatible with the absolute rates seen in the CCDs and Cherenkov monitors.
Compensating by increasing the laser pulse energy over a factor of 2 would alleviate the problem
in the n = 2 detectors, but the absolute n = 1 rate would then be a factor of two higher while the
n = 3 electron rate would be a factor of 7 lower than observed. Thus, reconciling the observation
with our simulation simply by adjusting the focal parameters is ruled out based on the particle
detector data alone. Moreover, despite the lack of direct shot-to-shot measurements of focal area
and pulse length, it is highly unlikely that the laser could be so mischaracterized that the laser
energy could actually be two times higher than thought, and if the focus were really 30 times larger
than believed, the light almost certainly could not have been recollimated and returned to the laser
room[53].
In short, many plausible experimental explanations of the discrepancy have been ruled out, and
the simplest interpretation of the irreconcilabilty of the forward photon and recoil electron data is
that some aspect of the data is not in agreement with our model.

8.3 Possible reasons for discrepancy
The lack of agreement between simulation and observation is clear, but the source of the discrepancy
is not self-evident. Having found an apparent disagreement between model and data, there is no
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a priori reason to suppose that the cause must be a de cit in n = 2 photons for a given set of
collision parameters. Because of the indirect way we estimate laser intensity, it could equally well
be that we have an excess of n = 2 electrons.1 This ambiguous state of a airs is distressing to
the experimentalist, allowing one more degree of freedom for speculative explanations of the e ect
than can be addressed with the present data, and it is equally frustrating for the theorist, leaving
twice as much open ground to cover; but, it can not be helped.
Before considering the possibility that the data could indicate a problem in the theory of quantum electrodynamics, there are two less dramatic possibilities to consider. The rst possibility is
that the simulation does not properly take into account all theoretically-expected features inherent
in the processes included in our simulation. The second possibility is that some additional process,
currently not included in our simulation but predicted under existing QED theory, is in fact more
important than assumed and should be incorporated into our model.
At present, the only processes included in the simulation which are relevant to the electron and
photon spectra are single and repeated nonlinear Compton scattering:

9

e + n(laser) ! e0 + >
e0 + n(laser) ! e00 + 0 =
e00 + n(laser) ! e000 + 00 >
;

(8.1)

... et cetera ...

Currently, the simulation treats all electrons as unpolarized in the initial, intermediate, and nal
states. One might suppose that polarization of the intermediate electrons (e0 ; e00 ;...) might be
important, just as the e ect of polarization of the backscattered photons was found to be important
in the two-step pair production process [49]. This is a potential candidate for the rst type of
explanation.
For an example of a candidate explanation of the second type, consider the process

e + n(laser) ! e0 + m ;

(8.2)

i.e., coherent emission of m multiple photons by an electron in a strong wave. This is certainly
allowed and presumably calculable under QED, but is not included in our simulation in any form.
Due to the relatively recent nature of these results, no other candidate explanations for the
disagreement between observation and simulation have been advanced at present. The two candidates are discussed further in the next two subsections, where it is shown that electron polarization
e ects are likely to be important in some cases and should be included in the simulation as soon
as possible, but that they cannot be the cause the observed e ect in this data, while inclusion of
coherent multiple emission is likely to be unimportant for the E-144 interaction geometry.

8.3.1 Intermediate electron polarization

The incident electrons have vertically-aligned spins (up or down, hence transverse to the beamline),
and geometric considerations suggest that the scattering rate for such electrons should be equal
1 If there were no independent measure of the total photon ux, then the disagreement seen could also be due to

a de cit in the n = 1 electron rate or an excess in the n = 1 CCD track rate, as the apparently excellent agreement
in the n = 1 rates is an artifact of the data-based method used to estimate the relative eciency of the CCD and
electron-counting systems. However, the forward photon Cherenkov monitor CCM1 was found to match the n = 1
electron monitors extremely well. An e ect radically a ecting the shape of the n = 1 CCD track spectrum while
leaving the total ux unchanged can not be ruled out, but it seems unlikely.
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to the unpolarized scattering rate; in any event, the polarization is ipped randomly from pulse
to pulse, and the data is summed over all pulses. However, the photons radiated have a preferred
polarization, and this a ects the pair production rate.[49] The recoil electrons may also have a
preferred polarization. The concern is that polarization of the recoil electrons may a ect the
likelihood of their rescattering. Noting that photons backscattered from a circularly-polarized laser
can attain 100% polarization, it has been suggested that the e ect on multiply-scattered electron
rates could be as large as a factor of 2(m,1) for the circularly-polarized laser for scattering near the
kinematic endpoint,[54] where m is the number of incoherent Compton interactions undergone by
the electron.
Below, three arguments are made that polarization of the recoil electrons is not the source
of the discrepancy seen in this data. The rst is a quantitative argument that the magnitude of
the polarization e ect cannot be large enough to explain the results. The second is a qualitative
argument that the sign of the e ect is wrong. The third is a geometric argument that, in the special
case of a linearly-polarized laser, there is no rate dependence on the initial electron polarization,
and therefore there can be no e ect on multiple scattering rate no matter how polarized the recoil
electrons may be.
For the quantitative argument, note that less than 50% of the rate in the n = 2 electron
counter (N2MO) is contributed by multiple scattering. Therefore, even if the multiple scattering
contribution were to double, the total rate could increase by only 50%. This is not sucient to
explain the discrepancy.
For the qualitative argument, consider that, in order for double n = 1 scattering to scatter
an electron into N2MO, both scatters must occur near the kinematic endpoint, i.e., both scatters
must have a polar angle near 180 in the center of mass frame. When an electron backscatters in
this way o a circularly polarized laser, it is most likely to radiate a photon of helicity opposite to
the incident wave, after which the electron has the same helicity (opposite spin) as the radiated
photon. This direction of spin is less favorable to further scattering near the endpoint, so that one
should expect a suppression of the multiple scattering rate, not an enhancement as is required to
explain the experimental results.
When scattering o of linearly polarized light, an electron will tend to radiate photons of
polarization parallel to the incident light. However, there is no obvious reason why electrons of any
particular polarization should be more or less likely to scatter. In fact, if we consider electrons in
eigenstates of transverse spin operators, e.g., spin up or down when the electron travels to the east
and the laser travels west, with a vertically-polarized laser, then the two orthogonal states \spin up"
and \spin down" are geometrically indistinguishable and therefore must have the same scattering
probability. This equally applies to a transverse, horizontal basis for the spin. While it is true that
the left and right helicity states of the electron (\spin east" and \spin west") are geometrically
distinguishable, the helicity of the photons changes under parity while the polarization of the laser
does not, and therefore parity symmetry of QED requires that they also have the same scattering
rate. There may be (and is) an e ect on the azimuthal distribution of the scattered electrons, of
course, and the initial electron polarization doubtlessly a ects the nal electron polarization, but
the total scattering rate and the distribution of nal electron polar angles and momenta must be
the same after integration over azimuthal angle. In short, when the laser is linearly polarized, the
scattering rate is independent of the initial electron polarization, and the e ect of polarization of
the recoil electrons must be zero for the linearly polarized laser.
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8.3.2 Coherent emission of multiple photons

Roughly speaking, emission of a second photon should introduce a factor of 
= 1=137 into the
scattering rate. One might therefore expect the total contribution from the two-photon-emitted
processes to the recoil electron spectrum to be about 0.7% of the one-photon-emitted processes. One
consideration that might give us pause, however, is that multiple incoherent interactions (Eq. 8.1)
constitute a subset of the more general multiple-emitted-photon processes, and they contribute a
large fraction of the total scattering rate. For example, the double-scattering process contributes
about 50% of the scattered electrons seen between the n = 1 and n = 2 kinematic edges. The
reason for this is that the incoherent double-scattering yield grows as the square of the time it
spends in the eld, rather than simply linearly. A better (or at least, di erent) way to estimate
the contribution of coherent multiple photon emission might be to compare the coherence length
of the scattering process to the total depth of the laser focus as seen by the electron.
For Compton scattering, the coherence length is roughly equal to the
p wavelength of the laser
light. The e ective thickness of the focal spot along the electron's path is A= sin  ' 20 m, where
A ' 30 m2 is the focal area and  = 17 is the collision angle. In traversing this path, the electron
will encounter approximately 70 cycles of the electromagnetic wave. Thus, the coherent contribution
would be roughly 1=70 times the 50% contribution of the incoherent multiple contribution in the
n = 2 region, giving the same estimate of 1= ' 0:7% as from the simple vertex-counting argument.
This means that the vertex-counting argument is valid in its application to the coherent multiple
emission processes, and that a simulation including only incoherent multiple scattering is accurate
enough for this particular interaction geometry.
Note that if the collision angle were 170 degrees, the electron would encounter less than one full
cycle as it traversed the focal spot. In this case, coherent e ects would presumably be signi cant
compared to incoherent multiple scattering. This may have signi cance to anyone contemplating
a laser acceleration experiment. However, since  varies with collision angle as 1 + cos , the value
of  would be over two orders of magnitude less, all other things being equal, so \hard" nonlinear
scattering e ects may not be of concern at all in such a case.

8.3.3 Other ideas

Given the way focal parameters are estimated from Cherenkov monitors and the way Cherenkov
monitors are calibrated from ECAL, it's possible that a factor of 2 or 3 recalibration of ECAL
would lower eta and solve all problems in the e- and photon data. However, the eta estimates
would then be way too low for the number of positrons we see. This could be partly o set by
revising assumptions of whether area or pulse length (or both) are the dominant contributors to
intensity uctuations, at some cost to the \too perfect" slope of positron rate versus tted intensity.
There are awkward limits on both what can be known and what can be invented about the focal
parameters, which are discussed in more detail in [Chapter 5].
It was suggested[55] that a di erent laser polarization (e.g., elliptical) could produce this sort
of e ect. Slightly higher  would balance the e+ polarization e ect for the n = 5 (6 photons in
the initial state) pair production[49], while the n = 2 coherent process could be suppressed, and
multiple scattering might be mostly una ected. Perhaps the presumed linear polarization could be
ellipticized by an unanticipated e ect in the doubling crystal or windows. Elliptical polarization
cannot be treated in either of the current simulations, but the e ect of circular polarization of
the laser was investigated simply by substituting the circular polarization look-up tables for the
linear polarization look-up tables. Slightly higher values of  were indeed tted for both the CCD
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and Cherenkov monitors, but they were higher by nearly the same factor, so the de cit was not
resolved.

8.4 Conclusions
There is clear evidence for the occurrence of the emission of photons corresponding to the backscattering of the second harmonic of the incident wave. The statistical signi cance of this conclusion
is huge: simply from the count of tracks between 30 GeV/c and 36 GeV/c (Fig. 8.1), where only
102  10 background tracks are expected, one may calculate that a statistical uctuation of 29 standard deviations would be required to generate the observed 384 tracks. However, if one accepts the
reliability of the track detection system and reconstruction code [Chapter 7] and the validity of the
Cherenkov monitor calibration [Chapter 4] and associated focal parameter estimation [Chapter 5]
procedure, then there can be no question that the data indicate a relative de cit in the total number
of n = 2 photons, or equivalently, an excess in the n = 2 and n = 3 electron rates, as compared
with our model.

Appendix A

E144 ECAL \Best Aperture"
Reconstruction
Synopsis

A method is described for choosing the coecients of the reconstruction matrix R such that
the reconstructed signal R  X represents the integral of the incident energy over a sharply
de ned region at the face of the ECAL, independant of the shape of the spectrum.

A reasonable way to \reconstruct" the spectrum incident on the face of the ECAL would be
to assume some shape f (y) for the distribution of energy within each row (e.g. exponential in y),
calculate the coecients of the matrix M [f ] which describes the transformation from total incident
energy in each row to observed readout after showering, and then nd the reconstruction matrix R
such that R  M [f ] = I . This is not the method described in this paper.
The \best aperture" reconstruction ignores the matrix M [f ]. The matrix R is chosen such that
the reconstructed signal responds only to points on the incident spectrum which lie within a sharply
de ned region on the face of the ECAL. This is done using empircally measured shower and splash
coecients, obtained from test beam and XT scan data, respectively. In theory, the method is
capable of nding R matrices such that the response of the reconstructed signal to energy incident
more than 3 mm outside of the nominal aperture is less than 1%, while the response to splash is
typically 9 GeV/106 or less, after taking into account the ECAL energy resolution and possible
errors in parameterization of empirically measured splash and shower pro les.

A.1 Basis of method
The response of the calorimeter to a delta-function beam incident at position y (and horizontally
centered) can be written as a column vector Xj (y), where j labels the readout channels of the
ECAL. The readout of the ECAL when presented with a spectrum f (y) is therefore

Z

Xj [f ] = dyf (y)Xj (y)
When the reconstruction matrix R is applied to the observed readout, the reconstructed signal
is given by
Z
Ri[f ] = dyf (y)Rij Xj (y)
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where i labels the reconstructed signals, and a sum over j is implied. The functions gi (y) = Rij Xj (y)
are therefore the Green's functions for the response of reconstructed signal i to the di erential bit
of the spectrum incident at y. It can be regarded as the aperture or acceptance function of the
reconstructed channel.
In order to obtain a measurement of the total ux in a region yi,1 < y < yi , it is not necessary
to know the function f (y), provided we can adjust the coecients Rij such that gi (y) is zero for
y outside the region and one for y within the region. While this condition can not be achieved
precisely, it can be approached to a high degree of accuracy, depending on how well the shower
spreading coecients are known and what other conditions (such as insensitivity to the \splash"
backgrounds) are imposed.

A.2 Calculation of R
To nd the reconstruction matrix which most closely meets the requirements, a chi-squared measure
is de ned, and then minimized with respect to the elements of the reconstruction matrix Rij . To
make the problem easier, discrete values of y are used. Call these values yk . De ne Xik = Xi (yk ).
De ne Dik = gidesired (yk ). De ne ik as the tolerance allowed for the deviation between the achieved
and desired aperture function. Then the chi-squared measure is

2 =

X X (Rij Xjk , Dik )2
i

ik2

k

An additional condition on R is that the response of the reconstructed signal be essentially
immune to the backgrounds due to \splash". If the shape of the splash is known, i.e. the splash in
readout channel j is given by a known constant coecient Vj times another number which changes
event-to-event but is the same for all channels, then what is desired is that Rij Vj = 0 for all i.
De ne the tolerance on this condition as 0 . The new chi-squared for the Rij calculation is

2 =

X X (Rij Xjk , Dik )2
i

ik2

k

2

+ (Rij 0V2j )



The Rij which minimize this chi-squared can easily be found. The minimization condition is





1 @2 = R 0 Vj 0 Vj + Xj 0 k Xjk , Dik Xjk = 0
ij
2 @Rij
ik2
ik2
0 2
which is solved by

AR~ i = Bi
R~ i = A,1 Bi
where

 
A= A 0
jj

=

Bi = [Bij ] =

 Vj0 Vj Xj0k Xjk 
2
0 2 + ik

 Dik Xjk 
ik2
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The above equations give an R matrix whose predicted aperture function is extremely close
to that desired, typically within a hundredth of a percent or better. However, the elements of R
obtained are extremely large (e.g. 104 ) and change drastically with slight changes in the shower
or splash pro le. The \reconstructed signal" using such an R will be utter nonsense unless the
actual response of the ECAL matches the theoretical model given by Xj (y) and Vj to a very high
degree of precision and accuracy.
To obtain an R matrix which is robust under the expected range of error of Xj and Vj , the
chi-squared can be expanded to sum over the range of the input parameters. The R matrix so
obtained should have much the same aperture function for any shower or splash pro le within the
expected error. The nal chi-squared is therefore
X
X X X (Rij Xjk , Dik )2 (Rij Vj )2
2 =
+
systematic errors in readout elec- i
shower and splash tronic noise in
parameterization
ECAL

k

ik2

0 2

Minimizing the above chi-squared leads to much more reasonable values for the R matrix elements. Channels with low signal and high noise get low coecients, while the readout channels
with the highest coecient for a given reconstructed channel are all in the row whose signal is being
reconstructed.

A.3 Implementation
1 mm intervals were used for all results shown in this paper. The ideal aperture function values
Dik were taken to be 1 inside the ideal aperture, 0 outside the aperture, and 0.5 if the position yk
was exactly on the boundary between two channels. A tolerance of 2% was used for points below
the ideal aperture, 10% for points within the aperture, and 1%=2r for points r rows above the
top of the ideal aperture.
The splash coecients are dependant on the Y position of the ECAL. Splash coecients (in
GeV per 103 gammas) at various ECAL Y positions were taken from ts to XT scans. Each channel
of the ECAL was studied separately. The data for a given channel was plotted versus the ECAL
Y position and then tted to a standard form. Error estimates are made for each parameter of
the splash t, and these errors are used in the calculation of the best R matrix as described in the
previous section. A le containing the parameters and their errors is generated; a separate le is
made for green and IR data.
The shower functions Xj (y) used were taken from data provided by Kostya Shmakov. The
same response to a delta-function beam is assumed for all ECAL Y positions.
The coecients in the R matrix vary with Y position, due to the change in the splash pro le.
However, for any Y position, the predicted response of the reconstructed signal to energy incident
more than 3 mm outside of the nominal aperture is less than 1%, while the response to splash is
typically 9 GeV/106 or less.
Figure A.1 shows the predicted aperture functions for 4 reconstructed rows.

A.4 Addenda
A few more things have been added to the basic algorithm described above:
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Figure A.1: Aperture functions for 4 reconstructed rows. The ordinate is the position of the \test
beam" in mm.

 A second splash vector, the \downsplash" has been introduced to address concerns about the

anomalous ECAL signal at low ECAL position and high gamma ux. The 2 attempts to
produce a reconstruction which meets all of the original requirements and has zero response to
a \downsplash-shaped" signal. This is done by adding another term of the form (Rij Vj )2 =0 2
to the chi-squared.
 The code now calculates the theoretical response to the splash and downsplash, with error
estimates accounting for the calculated input parameter errors, for each reconstructed signal.
In other words, the code predicts the amount of splash or downsplash that \bleeds" into
the reconstructed face-of-the-ECAL signal. This is done simply by applying the nal R
matrix to a raw signal vector containing only signal due to the given type of splash; the error
is calculated by summing the square of each coecient times the expected variance of the
corresponding raw signal.
 Two additional rows in the R matrix give coecients for reconstructing signals which respond
only to splash or downsplash (respectively) and not at all to electrons hitting the face of the
ECAL. This is done by setting the \desired" response to any \face-of-the-ECAL" signal to
zero for all positions k, and replacing (Rij Vj )2 =0 2 with (Rij Vj , 1)2 =0 2 in the chi-squared.
These splash estimators are used for checking the validity of the calorimeter model (e.g. by
plotting the splash reconstruction versus CCM1) and for scaling the \splash-bleed" numbers
to estimate the overall corruption of the reconstruction by splash or downsplash.

Appendix B

Nonlinear luminosity integrals and
application to overlap scans
Synopsis

An approach is described for rapid calculation of the rates of non-linear and multiple scattering processes in the case where the geometry of the eld producing the non-linear e ect changes
signi cantly over the size scales of the scattered beam pulse.

B.1 Non-linear luminosities and cross-sections
In this section, the non-linear cross-section is de ned so that the scattering rate per unit time per
unit volume for an n photon Compton process in the electron's rest frame is
ERF 2 n,1
2
W (n) = ERF
e l ( ) (n;  )

(B.1)

ERF
where ERF denotes the electron rest frame, ERF
e is the density of electrons as seen in ERF, l is
the density of the photons of the external E-M eld as seen in ERF,  is the Lorentz-invariant intensity parameter, and (n; 2 ) is the cross-section of the n photon process. The factor of (2 )n,1
is included so that the cross-section approaches a nite, non-zero constant as 2 ! 0. The dith
mensionless scalar (2 )n,1 is used instead of raising ERF
l to the n power in order to keep the
2
relativistic transformation of (n;  ) as simple as possible. The cross-section so de ned has units
of area for any n.
Note that there is a simple, covariant relationship between the Lorentz-invariant parameter 2
and the density of photons in a given reference frame times the wavelength of the photons in that
frame:
2 = 43 T l l 
(B.2)
= 32:7T l l
where is the ne structure constant, T is the Thomson cross-section, and l is the wavelength
of the light. Therefore, eq. B.1 simply re ects the leading-order behavior of the non-linear process:
the rate scales as nl . The non-linear cross section could therefore be de ned as the coecient of
ERF n n,1
n
ERF
e (l ) l , in which case the units of the \cross-section" would work out as (area) . This
would appear super cially similar to the multiple-scattering \cross-section" de ned in the next
session, but that would really be more confusing than illuminating, since the procedure for getting
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a scattering rate from a cross-section is quite di erent in the two cases. We will stick with the
cross-section as de ned by B.1.
Equation B.1 can be made Lorentz-invariant by expressing the densities in ERF in terms of the
product of a 4-vector current and the 4-velocity of the electrons.

ERF
= Je ue
e
ERF
= Jl ue
l

(B.3)

This leads to the manifestly Lorentz-covariant expression

W (n) = (Je ue )(Jl ue )(2 )n,1(n; 2 )

(B.4)

The scattering rate per unit 4-volume is invariant under Lorentz transformations, so the crosssection as de ned by the above equation is also Lorentz invariant. \Cross-section" always means
the geometric cross-section as seen in the electron's rest frame. In the \lab" frame, where the
electrons move along the +^e3 direction and the photons move along the , sin e^1 , cos e^3 direction
(e.g.  = 0 is a head-on collision), we have

ue = p 1

1,

Jl =
Je =

213
66 0 77
24 0 5

2 1
6 , sin 
Lab
l 6
4 0

2 ,1 cos
3 
6 0 77
Lab
e 6
405

3
77
5

Lab 2 n,1
2
W (n) = Lab
e l ( ) (1 + cos )(n;  )

(B.5)

Thus, the cross-section so de ned behaves like the geometric cross-section for a linear process. The
total number of scatters is, of course, given by

N (n) =
=

Z
d3 xdtW (n) (~x; t)
Z

d3 xdte (~x; t)l (~x; t)(2 (~x; t))n,1
(1 + cos )(n; 2 (~x; t))

(B.6)

It may happen that the cross-section does not vary greatly over the range of 2 of interest in a
given problem. If so, then it is useful to de ne the luminosity as

Z

L(n)  d3 xdte(~x; t)l (~x; t)(2 (~x; t))n,1 (1 + cos )
N (n) 
= L(n)(n)

(B.7)
(B.8)
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This allows the \physics" contained in (n) to be separated from the experimental parameters
that a ect L(n). This physics describes the leading-order behavior for the process, i.e. the (2 )n
dependence of the rate. Unfortunately, it is a hard fact of life that the higher-order behavior of
(n; 2 (~x; t)) for large 2 will always be convolved with the experimental con guration, due to the
dependence of 2 on position and time. However, note that if the cross-section can be expanded
as a power series in 2 , then the total scattering rate can be found more precisely using L(n) for
higher n:
(n; 2 ) = 0 (n) + 1 (n)2 + 2(n)4 +   
N (n) = L(n)0 (n) + L(n + 1)1 (n) + L(n + 2)2 (n) +   
Another use for L(n) is to calculate a weighted average of the parameter 2 . If an nth order process
has a probability proportional to (2 )n , then the mean value of 2 at points at which the process
occurs (i.e. weighted by the probability of the scattering process) is given by
1)
2 n = L(Ln(+
(B.9)
n)

B.2 Di erential cross-section for multiple-scattering
2
The scattering process is described by a di erential cross section of the form d
du (n;  ; ui ; uf ), where
2
ui and uf are the initial and nal states of the scattered particle,  is the intensity parameter
when and where the scattering occurs, and n describes the process, i.e. it is the number of photons
involved in a multi-photon Compton event. The number of single scatters into the nal state uf is
given by eq. B.6:

dN (n; u ; u ) = Z dtd3 x (~x; t) (~x; t)(2 (~x; t))n,1
i f
e
l
du
2
d
Z (1 + cos ) du (n;  (~x; t); ui ; uf )
= dtd3 xe(~x + ~vt; t)l (~x + ~vt; t)(2 (~x + ~v t; t))n,1
2
d
Z (1 + cos ) du (n;  (~x + ~vt; t); ui ; uf )
= d3 xdte0 (~x)l (~x + ~vt; t)(2 (~x + ~v t; t))n,1
2
(B.10)
(1 + cos ) d
du (n;  (~x + ~vt; t); ui ; uf )
In the second form of the equation, the variable of integration ~x has been shifted by ~vt, as we are

free to do since the integral is over all space and time, and the order of time and space integrals
can be freely exchanged. The vector ~v may be taken to be the electron velocity. Then ~x becomes
the position of the electron at t = 0, i.e. it is the relative position of the electron within the
electron bunch distribution. The last form of the equation simply substitutes e (~x + ~vt; t) = e0 (~x),
de ning e0 (~x) to be the spatial distribution of the electron bunch at time t = 0. In contrast
with the strongly-focussed laser eld, it is assumed that the electron bunch does not change shape
signi cantly as it crosses the interaction region.
If the particle scatters twice, it scatters rst into an intermediate state u1 , then into the nal
stat uf . The density of electrons for the second scattering process must be found by integrating
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the scattering probability for the rst process up to the time of the second scattering event. The
number of double-scatters is thus given by

dN (fn ; n g; u ; u ) =
du 1 Z 2 Zi f
Z
3
du1 d xe0 (~x)

=

Z

t2 =+1

dt2 l (~x + ~v t2; t2 )(2 (~x + ~vt2 ; t2 ))n2 ,1
t2 =,1
2
(1 + cos ) d
Z t1 =t2 du (n2 ;  (~x + ~vt2; t2 ); u1 ; uf )

dt1 l (~x + ~vt1 ; t1 )(2 (~x + ~v t1 ; t1 ))n1 ,1
t1 =,1
(1 + cos ) d
(n1 ; 2 (~x + ~v t1 ; t1 ); ui ; u1 )
du
Z t2 =+1 Z t1 =t2
d3 xe0(~x)
dt2
dt1 (1 + cos )2
t2 =,1
t1 =,1
2
l (~x + ~vt2 ; t2)( (~x + ~vt2; t2 ))n2 ,1
l (~x + ~vt1 ; t1)(2 (~x + ~vt1; t1 ))n1 ,1
2
2
 d
du (fn1 ; n2 g; f (~x + ~v t1 ; t1 );  (~x + ~vt2 ; t2 )g; ui ; uf )

(B.11)

where the double-scattering \cross-section" is de ned as
d (fn1 ; n2 g; f2 ; 2 g; ui ; uf )
1 2
du



Z

2
2
d
du1 d
du (n1 ; 1 ; ui ; u1 ) du (n2 ; 2 ; u1 ; uf )

(B.12)
The double-scattering cross-section has units of area squared, and a factor of (1 + cos )2
appears in the rate calculation. In the more general case of scattering m times through processes
fn1; n2 ; : : : nm g, we have
d (fnj g; f2 g; ui ; uf )
j
du

dN (fn g; u ; u ) =
du j i f

Z

d3 xe0 (~x)

=

Z

du1 : : : dum,1

j =Y
m,1

d (nj ; 2 ; uj ,1 ; uj )
j
du

j =2
2
2
d
 du (n1; 1 ; ui ; u1 ) d
du (nm ; m ; um,1 ; uf )

(B.13)

Z
Z
jY
=m
2
d
dtm    dt1 du (fnj g; fj g; ui ; uf ) lj (j2 )n ,1
j =1
| {z }
j

t ,1 <t
j

j

(B.14)

where j2 and lj are short-hand for 2 (~x + ~vtj ; tj ) and l (~x + ~v tj ; tj ), respectively.
2
As with single-scattering, if d
du (fnj g; fj g; ui ; uf ) does not change appreciably over the range of
2 of interest, then one can approximately describe the process by de ning a luminosity function.

dN (fn g; u ; u ) 
du j i f =

d (fnj g; ui ; uf )L(fnj g)
du

(B.15)
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Z
Z
e0 (~x) dtm    dt1 (1 +
| {z }

d3 x

t ,1 <t
j

j

cos )m

jY
=m
j =1

lj (j2 )n ,1
j

(B.16)

The m-scattering \cross-section" has units of (area)m , so the m-scattering \luminosity" has units
of (area),m . The m-scattering cross-section in principle contains only the \physics" of the leadingorder behavior of the process, but again any higher-order intensity-dependence of the cross-section
will be convolved with parameters of the experiment prior to observation.

B.3 Derivation of luminosity for non-linear and multiple scattering processes as a function of relative beam overlap
Calculating the total number of scatters or the \luminosity" as de ned above is, in principle, as
simple as inserting the functional forms for e0 (~x) and l (x~0 ; t) into equation B.14 or B.16 above,
then performing the integrals. If the number of scatters is to be calculated exactly in the case where
the higher-order, non-linear intensity dependence of the generalized cross-section is signi cant, one
must also insert the appropriate cross-section into equation B.14.
In practice, a scattering rate prediction for a given set of experimental parameters is most
easily obtained by either performing the integrals numerically or by tracking particles through the
interaction region in a Monte-Carlo code. However, when tting the \X-T scan data" from the
experiment, MINUIT or any other t optimization package will require repeated predictions for
various di erent parameters for each point in the scan. If there are 2000 samples in a given scan,
then 2000 predictions have to be generated just to calculate a single chi-squared or likelihood value;
MINUIT can easily call the chi-squared or likelihood function over 500 times given the number of
parameters to t. Therefore, even if our Monte-Carlo or numerical integration code could be
optimized such that it took only a minute to run, it could take almost two years to t a single X-T
scan. Although the execution time might be reduced by using more sophisticated techniques (or
more powerful computers), it is obviously highly desirable to have an analytic expression for the
generalized luminosity in a closed form.
Although with this experiment we have pushed 2 to values approaching (and occasionally
exceeding) 1, most of the volume in which interactions occur has much lower values of 2 , and so
the observed rates tend to be dominated by processes at lower 2 . Therefore, we still expect to be
able to extract the leading-order coecients (i.e. the cross-sections) of the scattering processes, and
certainly the experimental parameters such as beam sizes and timing overlaps, using the assumption
of an essentially constant generalized cross-section, as de ned above.
As the peak value of 2 is increased, we expect a systematic change of our \leading order" cross
section as determined by the t under this model. This is caused by the higher order non-linearities
in the cross-section, and as mentioned before it will not be possible to completely deconvolve
that behavior from parameters speci c to our experiment. Comparison at that level can only be
done directly between Monte-Carlo and experiment, or perhaps between \ tted" Monte-Carlo and
\ tted" experiment. However, by isolating the leading-order behavior from the speci cs of the
electron and laser beam distributions in space and time, it is hoped that the higher-order behavior
can be regarded as somehow \less convolved" with the uninteresting mundanities of the experiment.
The crossing of the beams in the z^  x^ plane of two coordinate systems is shown in gure B.1.
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Figure B.1: Coordinate systems: electron-aligned (left) and laser-aligned (right)
The distribution of the electrons e0 (x~0 ) can most easily be described in the coordinate system on
the left, while the shape of the laser eld l (~x; t) can be most easily described in the coordinate
system on the right.
In the \laser-aligned" coordinate system, the density of photons at point ~x = (x; y; z ) and time
t is given by
2

2

2

+(y= )
Nl exp(, 21 (z,2t) , 12 (x=1+() z=z
)2 )
l (x; y; z; t) =
(B.17)
(2)3=2 lx ly lz (1 + (z=zR )2 )
where lx and ly are the RMS widths of the spot at the focus, lz is the RMS bunch length,
and zR is the e ective Rayleigh length of the focus, known as ? to accelerator physicists. Table
lz

lx

ly

R

B.1 summarizes few useful de nitions and relations taken from Meyerho er's technical notes on
Gaussian, non-di raction limited laser focussing [Meyerho er, 1994 and 1995] and adapted to my
notation.
In the \electron-aligned" coordinates, a Gaussian electron bunch will be described simply by

q

e0 (x~b ) =

Ne det(Veb ,1 )
exp(, 12 (x~b , x~b 0 )T Veb ,1 (x~b , x~b 0 ))
3
=
2
(2)

where in the simplest case of a beam with no skew, the covariance matrix Veb is simply
2 1=2 0
3
0
ex
Veb ,1 = 4 0 1=ey2 0 5
0
0 1=ez2

(B.18)

(B.19)

The vector x~b 0 is the location of the centroid of the electron bunch at time t = 0. The subscript b
on x~b ; x~b 0 ; Veb ,1 indicate the \electron-aligned" coordinates.
Since the laser's geometry is more complicated than the that of the electron bunch, the calculation will be performed using the \laser-aligned" coordinate system shown on the right of gure
B.1, at least initially. It is easy to perform a passive rotation of Ve to obtain

q

Ne det(Ve ,1 )
e0 (~x) =
exp(, 21 (~x , ~x0 )T Ve ,1 (~x , ~x0 ))
3
=
2
(2)
,
1
Ve = R()Ve0 ,1R(,)

(B.20)
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Table B.1: Some relations between various optics parameters








zR0 
zR 
f 
f# 


w0
lx; ly
Ae
0
A0

wavelength of the laser
1=e2 radius of intensity at focussing optic
p
RMS width (1= e radius) of intensity at focus
2lx ly
di raction-limited RMS width of intensity at focus
202
Ae =A0
di raction-limited Rayleigh length
e ective Rayleigh length as used in equation B.17
focal length of the focussing optic
f=(2w0 )
A0 = 2 (f# )2
r
4
zR0 =  f#2  = 8 A0 f#

r

p z = 8A f
zR =
R0
 e #
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2 cos2 ,2 + sin2 ,2 0
ex
ez
4
0
ey,2

3

,2 , ,2 )
cos  sin (ex
ez
5
0
=
2
,
2
,
2
,
2
2
,
2
cos  sin (ex , ez ) 0 sin ex + cos ez
The most complicated features of the integrand in the luminosity integral (eq. B.16) arise
from the \z " dependance of the laser intensity given the short Rayleigh length of the focus. The
argument to the l and 2 functions is ~x + ~vtj . Therefore, as written, we would have to substitute
z ! z , cos  tj and x ! x + cos  tj into the right hand side of equation B.17, and it would be
messy to evaluate the integrals over x, z , and t1 ; t2 ; :::tm . A change of variable is in order. De ne
zj0 = z , cos  tj
(B.21)
Then equation B.16 becomes

L =

Z

d3 xe0(~x)

Z
Z  1 + cos  m jY
=m
0
0
dzm    dz1
lj (lj2 )n ,1
cos

j =1
| 0 {z 0 }
j

z ,1 <z
j

where

j

(B.22)


z , z0 
lj = l x + tan (z , zj0 ); y; zj0 ; cos j

(B.23)

and lj2 is related to lj through equation B.2.
Now the integrand is simply a Gaussian in x, y, and z , and something more complicated with
respect to z10 : : : zm0 . Note that since the limits of the zj0 do not depend on (x; y; z ), the Gaussian
integrals over those three variables could be performed rst. However, this would simply delay the
inevitable reckoning with the non-Gaussian integrals; also, integration over (x; y; z ) couples the zj0
integrals, and makes it hard to tell which features of the luminosity pro le are due to the laser's
shape and which are due to the size of the electrons. So it makes sense to attack the integrals over
zj0 now.
We can write the integrand for each integral over zj0 as

1 +



cos 
2 n ,1
cos  lj (lj )

 3T  n ,1 
n
1
N
l
l
= 1 + cos 
4
(2)3=2 lx ly lz
1  exp(, 1 n 2 )

n
2 j j
1 + (zj0 =zR )2

Lj =

j

j

j

j

where

0

2



(B.24)

2

zj , (z + x= tan )
zj0 , z=(1 + cos )
2
j = ( = tan )2 (1 + (z 0 =z )2 ) + 2 ( cos )2 =(1 + cos )2
lx
j R
lz
2
y
+ 2
ly (1 + (zj0 =zR )2 )

(B.25)
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Table B.2: Range of parameters for E144 experiment
Parameter Minimum (m) Maximum (m)
lx; ly
1
4
zR
23
95
ex; ey
30
130
lz
120
360
ez
600
1100
x0
,300
300
y0
,150
150
z0
,2000
2000
The term in the exponent 2j is approximately quadratic in zj0 over anyqrange of zj0 that is
small compared to zR , so exp(,2j =2) is a Gaussian with width (lx = tan ) 1 + (zj0 =zR )2 . This
width is in fact small compared to zR provided zj0 =zR  tan zR =lx = 4 tan f#. Therefore, the
integrand is a narrow Gaussian times a slowly varying function, and so the integral can be well
approximated as the integral of the Gaussian times the value of the function at the center of the
Gaussian, provided the above condition holds.
In the paragraph above, it was assumed that the rst term in equation B.25 dominates over the
second, which is always the case if the above condition holds and l z > zR . This means that the
center of the Gaussian is simply z + x= tan  in this case.
The range of size and position parameters of the E144 experiment is shown in table B.2. The
f-number for the E144 laser optics is 6, and the crossing angle is 17 degrees, so the condition for the
width of the Gaussian to be small compared to zR is jz + x= tan j =zR  7:3. Unfortunately, in
the worst case jz + x= tan j can be 3000 m, while zR can be as small as 23 m. Fortunately, the
function 1=(1 + (z 0 =zR )2 )n varies very slowly with z 0 when jz 0 j =zR  1. The correct condition for
our approximation to be valid is that the fractional change of the \slowly-varying" function over
the width of the Gaussian be small:
q 0 2
(

=
tan

)
1 + (zj =zR )
@ ,1 + (z 0 =z )2 ,n lx
R
@z0
(1 + (z 0 =zR )2 ),n
0
,

= n 1 + (z 0 =zR )2 ,1=2 22z lx  1
zR tan 
0
q 02z 2  n2 tan f#
(B.26)
z + zR
As long as n is not too large, the approximation should be good over all values of zj0 , provided
we use the correct widthqand center for the Gaussian. In fact, the width at large values of z 0 is
smaller than (lx = tan ) 1 + (zj0 =zR )2 , so the approximation is even more accurate than would be
indicated by (B.26) above. The width can be calculated exactly without any trouble: the inverse
square of the width is
,

z,02 = lx,2 tan2 = 1 + (z0 =zR )2 + lz,2 (1 + 1=( cos ))2
(B.27)
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At z 0 very far from 0, the correct center of the Gaussian is not z + x= tan
, , but rather
 z=(1 +
cos ). However, the fractional di erence of the \slowly varying function" 1 + (z 0 =zR )2 n is small
between these two values of z 0 at large values, of z 0 . Therefore,
 we can use z + x= tan  as the value
to \plug in to" the slowly varying function 1 + (z 0 =zR )2 n .
Finally, there is the issue of the limits on the integrals over zj0 in equation B.22. We are approximating the integrand as a simple Gaussian times a constant, and each independant Gaussian in zj0
is centered around the same z00 . In the space of the zj0 coordinates, the center of the m-dimensional
Gaussian is on the symmetry axis of the limits of integration. The integrand is completely symmetric about that point. Therefore, the value of the m-dimensional integral with the limits zj ,1 < zj
is simply the integral over all space divided by the symmetry factor (m!).
One nal interesting fact: the value z + x= tan  is equal to xb = sin , where xb is the \x"
position in the electron-aligned coordinates shown in gure B.1 and used in equation B.18. This is
convenient, since after integrating over the zj0 , the next integrals to perform will fold in the electron
beam distribution.
After performing all of the integrals over zj0 , we again obtain a pseudo-Gaussian form. It is
useful here to assume lz  lx .

Z

L =

dxb dyb dzb N exp(, 12 2 )

(B.28)

with



N = (2)3=2N e   (2)3=2Nl  
ex ey ez
lx ly lz

N  3T  N ,m
4

l

m
 x 2 !m=2,N
1

lx
b
 (1 + cos  ) tan 
1 + z sin
R 
m=2
 m!((2Q)n )1=2
j
2
2
2 = (zb , ( csc2 2 +=Ncot )xb) +   yb 2 
lz
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(B.29)

b

R

+ (xb ,2 x0 ) + (yb ,2 y0 ) + (zb ,2 z0 )
2

2

ex

and N 

ey

2

ez

P n . The subscript b indicates the \electron-aligned" coordinates.
j

(B.30)
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In fact, this integrand is precisely Gaussian in zb and yb , so those integrals are easily performed.
The nal integral over xb will be the most complicated yet, so that will be extracted into a separate
function. The result can be written in the following form:
L = N0 exp(, 12 C ) f (x0 , xs; x; zR sin ; 1 + Ney2 =ly2 ; N , (m + 1)=2)
(B.31)
where the f function is de ned as

f (x; ; xR ; ; n) 

Z

dx0

,



exp , 21 (x , x0 )2 =2
(1 + (x0 =xR )2 )n ( + (x0 =xR )2 )1=2

(B.32)

In the case lx << ex , the various constants are
2
2
2 2
2
xs = sin (2Nez +2 lz2 )x20 + sin ( + cos 2)2exz0
sin (Nez + lz ) + N ( + cos ) ex

N
N
N
e
l
N0 = (2)3=2    (2)3=2   
ex ey ez
lx ly lz
m=
2+1 (lx = tan )m z ey
(2

)
Q

m!( nj )1=2
 3  N ,m 
m
1
T
l
 4
1 + cos 
z = q ez lz
lz2 + Nez2

(B.33)

(B.34)
(B.35)

q

ex lz2 + Nez2
x = q
2
lz2 + Nez2 + N tan2  ex
2 (z , +cos  x )2
C = y02 + 0 sin2  0
2y =
2z =

y
z


2
x
2
ey + 1 + (z sin )2 ly2 =N
R


 2  x2
ez2 + 2 lz2 =N + +sincos
e


(B.36)
(B.37)
(B.38)
(B.39)

The factor exp(,C=2) clearly shows the Gaussian shape of the luminosity function as y0 and
z0 are scanned, as well as the x0 dependance of the center of the timing curve. The width y of
the y0 scan is exactly what one would guess intuitively. The width of the timing scan z is also
what one would expect, given the correlation between x and z . The horizontal size of the laser lx
does not appear in the timing scan width due to the assumption of lx  ex above, which is okay
since lx is so small compared to ez at any place of interest, even many Rayleigh lengths away
from focus. Note that the timing scan width is slightly di erent for dip erent order processes, since
the RMS width of Nl is smaller than the width of l , by a factor of N .

180

High Field QED

The f function gives the x0 dependance of the luminosity. The integral which de nes it is a
little more tricky to evaluate than our previous \pseudo-Gaussian" integrals, since the width of
the Gaussian factor in the integrand x  ex is actually larger than the foreshortened Rayleigh
parameter xR  zR sin . When the center of the Gaussian factor is far from zero, the integral is
still well approximated by the area of the Gaussian times the value of (1 + (x=xR )2 ),n , as in the
\pseudo-Gaussian" approximations made above. However, when the center of the wide Gaussian
factor is near zero, it is the Gaussian that is nearly constant, while the other factor is highly peaked;
in this case, the area under the (1 + (x=xR )2 ),n term is a more accurate approximation. (Special
handling is required for the case where n = 0.) Luckily, it is not necessary to integrate over the f
function. It can be evaluated numerically or approximated as an appropriately weighted average
of the two limiting cases described above. Empirically, I have found that

,x2 =(22 )) + fx exp(,22 =x2 )
f  fx exp(
exp(,x2 =(22 )) + exp(,22 =x2 )

(B.40)

very closely approximates the result of numerical integration over a wide range of parameters.
Note that di erent processes can in principle be partly distinguished by their di erent behavior
as x0 is scanned. The integral that de nes the f function has (1+ x2 =x2R ) raised to the N , (m +1)=2
power in the denominator, where N is the sum of all the nj in the scattering process, and m is
the number of scatters. In fact, while more than one combination of scattering steps can lead to
the same value of N , (m + 1)=2, only one process at a given N can have the value N , 1, and
that is the single-scattering process, m = 1. Multiple-scattering processes with the same N will
have a lower value of N , (m + 1)=2, so their x0 dependance will be broader. This should make
it possible to extract the cross-section of the \coherent" n-photon scattering process even though
the \incoherent" processes scatter electrons into the same part of the spectrum. Whether this is
practical to do with E144 data already taken has not yet been determined, although initial results
are encouraging. The t seems stable, not susceptible to false minima or large correlations between
parameters; furthermore, it does seem to be able to properly distinguish between double n = 1
scattering and single n = 2 scattering with Monte-Carlo data.
The general form given by equation B.31 along with the de nitions B.32 through B.40 will
allow us to t X-T scan data in a physically meaningful way. This will give us some overlap-based
measurement of the beam parameters, as well as a proper estimate of the scattering rate at best
overlap. Better yet, it \should" be possible to extract the invariant leading-order cross-sections for
coherent n-photon Compton scattering.

Appendix C

Volkof's solution
Synopsis

A derivation is given of the Volkof solution to the Dirac equation in the presence of a
plane wave. This derivation proceeds from the rst-order Dirac equation, in contrast to other
treatments that proceed from the second order equation.

C.1 Introduction
Let us assume, for the sake of argument, that we are in nitely good at mathematics, such that
we can immediately nd all possible solutions to any given, well-posed mathematical problem.
Then quantum electrodynamics (QED) provides a complete and wholly transparent description
of the interactions of electrons, positrons, and light. For QED tells us that for any given set of
external boundary conditions (such as the states of an electron beam and a laser beam prior to
entering an interaction region), we need merely solve for the electron-positron wavefunction and
the electromagnetic (EM) 4-potential eld A which minimizes the action S , de ned as

Z

S = LQED d4 x;
where

LQED  (i@  , m) , 14 F F  , e 

(C.1)


A ;

(C.2)
and F  @ A , @ A is the electromagnetic eld tensor. This least-action principle can be
transformed into the following set of di erential equations (by application of the Euler-Lagrange
equations and Noether's theorem):
(^p  , eA  , m) = 0
(Dirac's equation)
@ F 
= e   = j  (Maxwell's inhomogeneous equations)
@ j 
= 0
(current conservation)
@  F
= 0
(Maxwell's homogeneous equations),
where p^  i@ , and j  is the 4-vector current density. It is in solving these equations for arbitrary
boundary conditions that we are required to be in nitely good at math. In general, exact solutions
to these equations have been found only for special cases. The usual approach is to start with the
solution for some simple case (e.g., propagation through free space with no sources present) and
use perturbation theory to nd the solution to the actual problem to adaquate accuracy.
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C.2 Volkof's solution
Volkof found a solution to Dirac's equation which allows the magnitude of an externally-applied
EM eld Aext to be arbitrarily large but requires it to be a plane wave:
Aext (x) = Aext ()
(C.3)
  (kx);
(C.4)
where Aext , k, and x are 4-vectors, and (kx)  k x . Requiring the EM wave to be a plane wave
reduces the hard parts of the problem to single-dimensional di erential equations which can be
integrated directly. Note that A() does not necessarily have to be a periodic function of , let
alone a sinusoid: the A function could represent incoherent thermal radiation, for example, as
long as it propagates along the direction k. Furthermore, k does not necessarily have to be the
wavevector of the wave even A does happen to represent a coherent and narrowband wave. All
physical results will be invariant with respect to an overall scaling of k.
The Volkof solution also requires that the 4-potential satisfy the condition
(kAext ) = 0:
(C.5)
This implies the Lorentz gauge and a sourcefree interaction region, and also eliminates a component
of a physically-meaningless constant term in the potential.
Volkof's solution to Dirac's equation for an electron in a plane EM wave has the form
,i(px) F ();
(C.6)
p (x) = e
where p is a constant 4-vector, which will turn out to be the 4-momentum of the electron prior
to entering the interaction region (Aext t!,1
,! 0), and (p)2 = m2. Inserting this trial solution into
Dirac's equation, one obtains
(p/ , eA/ext , m)F + ik/F 0 = 0;
(C.7)
where p/  p m u. For a wave travelling at the speed of light, k/k/ = (kk) = 0, and so
k/(p/ , eA/ext , m)F = 0:
(C.8)
This equation can be satis ed by a solution of the form

e k/A/ )ueiS ;
F = (1 + 2(kp
) ext

(C.9)

where u is a Dirac spinor and S is a function of  for which we will solve. Inserting this hindsightinspired \trial solution" into equation C.8, making use of the identity k/A/k/A/ = ,A/k/k/A/ = 0, and
remembering that p is just some constant 4-vector and not an operator,

k/(p/ , eA/ext , m)F =
=
=
=
u =





e k/p/k/A/ ueiS
k/p/ , ek/A/ , mk/ + 2(kp
)


e
k/p/ , ek/A/ , mk/ + 2(kp) (2(kp) , p/k/)k/A/ ueiS
(k/p/ , mk/) ueiS
(2(kp) , p/k/ , mk/) ueiS = 0
(p/ + m)k/ u
2(kp)
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2
2
(p/ , m)u = ((p)2(,kpm) )k/ u = 0:
(C.10)
Therefore, the form of the wavefunction given in equations C.6 and C.9 requires the spinor u to be
simply the usual spinor for momentum p. Now substituting back into equation C.7 and solving for
S,
2
ext ())
S 0() = 2(ekp) (Aext ())2 , e(pA(kp
)
Z
S () =
d0 S 0 (0 )

,1

The complete Volkof solution is


ek
/
A
/
,i(px)+iS () :
ext
V;p (x) = 1 +
2(kp) ue

is



(C.11)
(C.12)

(C.13)

The average momentum of the electron in the strong EM wave, the so-called \quasi-momentum,"

q  Vp^

V

e uk/hA/0 iu
= p , hS 0 ik + ik 2(kp
)
2

= p + 2(mkp) 2 k ;
where

2





,e2 (Aext ())2 + 2e(pAext ()) +

(C.14)

ie F u u :
4 

(C.15)

If the time-averaged value of Aext () is zero, then

2 = ,e2 (Aext ())2 :

(C.16)

Note that when the time-averaged value of Aext is zero, the invariant 2 depends only on the
properties of the wave, i.e., the wave's intensity and wavelength. All processes occuring in the
strong EM wave will have rates that depend on 2 ; nonlinearity increases with increasing 2 .
The square of the quasi-momentum is called the \e ective mass":

m2  (q)2 = (1 + 2 )m2 :

(C.17)

The physical signi cance of the quasi-momentum q and the e ective mass m is that the kinematics
of scattering involve q rather than p , and that a center-of-mass energy of at least 2m is needed
to produce e+ e, pairs in photon-photon interactions.
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Amperometric immunosensors based on layer-by-layer assembly of gold
nanoparticles and methylene blue on thiourea modified glassy carbon
electrode for determination of human chorionic gonadotrophin.
Chai R, Yuan R, Chai Y, Ou C, Cao S, Li X.
Chongqing Key Laboratory of Analytical Chemistry, College of Chemistry and
Chemical Engineering, Southwest University, Chongqing 400715, China.
Nano-Au and methylene blue (MB) were assembled layer-by-layer (LBL) into films
on the glassy carbon electrode modified by thiourea for detection of human
chorionic gonadotrophin (HCG). The electrode modification process was
characterized by cyclic voltammetry (CV), electrochemical impedance spectroscopy
(EIS) and scanning electron micrograph (SEM). The factors influencing the
performance of the amperometric immunosensor were studied in detail. Tests
performed with this immunosensor showed good linearity, the working range for
the system was 1.0-100.0 mIU/mL with a detection limit of 0.3 mIU/mL at 3sigma.
Moreover, the studied immunosensor exhibited high sensitivity and long-term
stability. The present work supplied a promising test method for clinical
immunoassay.
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by Jonathan A. Stamford and Joseph B. Justice, Jr.
Understanding the chemistry of the brain has been a longtime goal. However, because of the
small size of synapses and the inaccessibility of the brain, the task of making meaningful
chemical measurements has not always been easy. Direct assessment of tissue content for
neurotransmitters, metabolites, and other species has been done for many years, and much has
been learned from these experiments.
However, there are several drawbacks to tissue assays. Aside from the fact that only one time
point is obtained from a subject, tissue content does not yield information about
compartmentation of the neurotransmitter among the various structures of the brain such as
neurons, glia, cytoplasm, vesicles, and extracellular fluid. Because communication is achieved
via chemicals released by one cell to stimulate receptors on the surface of another cell, it is
primarily the compartment outside the cells where observations are desired, particularly the
release and removal of transmitters.
Twenty-one years ago, Ralph Adams introduced in vivo voltammetry (1), and the field has
evolved to the point that it is appropriate to say that, at 21, it has come of age. In this Report, we
describe the research highlights since Adams' article and briefly survey the use of voltammetric
methods to probe brain chemistry. More complete reviews and background can be found
elsewhere (2-4).

The mammalian brain contains ~1011 nerve cells or neurons, which assimilate and process
information. These neurons receive information from other cells through a treelike network
called dendrites and transmit it in the form of electrical impulses, or action potentials, along a
cablelike axon to other nerves. At the end of the axon, the message is relayed to other cells at
points of contact called synapses, where the electrical message causes the release of a chemical
neurotransmitter that diffuses across a small gap to another neuron. The neurotransmitter binds to
and activates a receptor on this second neuron and contributes to the formation of another action
potential, repeating the cycle. Each neuron may have about 1000 such synapses and thus can
integrate information received from many other cells. Figure 1 is a diagram of a nerve terminal.

Figure 1. Simplified diagram of a catecholamine nerve terminal. The neurotransmitter is
synthesized and stored in vesicles that fuse with the membrane to release the transmitter into the
synaptic space. Once released, it binds to postsynaptic receptors and autoreceptors. Uptake and
diffusion remove the transmitter to terminate the stimulation of the postsynaptic cell. Transmitter
that is taken up may be recycled into storage vesicles or metabolized.

Neurotransmission, the conversion of an electrical impulse to a chemical event and then to
another electrical event, is extremely rapid. Action potentials and neurotransmitter release
typically last about a millisecond. In many ways, the release and actions of neurotransmitters
represent the bricks with which the internal representation of the external world is built.
Early studies of the chemistry of release and uptake included using metabolites as an indirect
index of neuronal activity. A more direct observation of released transmitters was achieved using
push-pull perfusion in which concentric metal tubes were implanted in the brain and used to
sample the extracellular fluid. New information was obtained, but the method caused severe
tissue damage, often needed radioactive materials to achieve the necessary sensitivity, and was
slow relative to the speed of neurotransmission itself. In many respects the field was ripe for a
breakthrough.

In vivo voltammetry
In the late 60s and early 70s, Adams had been studying the solution electrochemistry of an
important class of neurotransmitters, the catecholamines. He reasoned that a miniaturized carbon
paste voltammetric electrode could be implanted in the brain and oxidation currents from
catecholamines could be observed. The first experiments produced oxidation currents, but
several other oxidizable molecules, notably ascorbic acid, obscured the currents from
catecholamines. Another problem was that the extracellular concentration of the deaminated
transmitter metabolites was often 1000-fold higher than the parent transmitter. For example,
signals from dihydroxyphenylacetic acid often swamped the current from dopamine.
At the time that Adams was doing his pioneering work in the United States, François Gonon and
his colleagues in France had been investigating electrodes made of other carbon-based materials
for detecting catecholamines (5). By encasing a carbon fiber in a glass micropipette, they created
an electrode that was small enough to be implanted into brain tissue and, in combination with
differential pulse voltammetry (DPV), could detect catechol- and indole-based compounds
separately.
Although the work of Adams and others showed that voltammetric measurements in vivo were
possible, selectivity and sensitivity needed to be improved. Many approaches were tried,
including numerous waveforms, from simple chronoamperometry through DPV and other more
exotic extensions. Two breakthroughs in selectivity were achieved with the use of Nafion coating
(6), an anionic polymer that reduced interference from ascorbic acid and acidic metabolites, and
with electrochemical pretreatment (7), which shifted the oxidation potentials of interferences.
Both approaches are now widely used.
Transmitter release and uptake
Rather than stick to the original goal of trying to detect basal dopamine release, Wightman chose
(perhaps out of frustration) to stimulate the tissue electrically and measure the release and
subsequent removal of neurotransmitter in the extracellular space. This simple decision not only
liberated electrochemists from a difficult task but also allowed voltammetric techniques to be
applied to studying the actual dynamics of neurotransmission. Basal levels of catecholamines
have since been routinely measured with microdialysis by using an electrochemical detector for
HPLC (8), another development from Adams' lab.
In 1984, Wightman and Stamford used fast cyclic voltammetry (FCV) to detect dopamine
released during electrical stimulation and subsequently removed by uptake (9). The ability of
these fast techniques to make many recordings per second has allowed real-time measurement of
neurotransmitter re-uptake to be examined. These measurements have shown just how fast these
processes really are (10, 11) and thus provide genuine insights into their roles in
neurotransmission.
Interestingly, uptake of a given transmitter often varies in different brain regions (12, 13), and
thus its role may differ. For instance, less uptake or fewer uptake sites infers that released
transmitter may diffuse further before being removed from the biophase. This tendency, in turn,
means that the transmitter may have actions at sites more distant from the synapse.

Initially, transmitter release was recorded after relatively large stimulations (tens or hundreds of
pulses lasting many seconds) released most of the available pool of neurotransmitter (14-16). For
example, 10 s of stimulation increases the extracellular dopamine from low-nanomolar to
micromolar concentrations, a 1000-fold increase that is not representative of physiological
conditions. When the stimulation is terminated, uptake removes the dopamine in a few seconds.
Subtler stimulations are now used to probe the intricacies of neurotransmitter release. Shorter
stimulus trains (only a few pulses) lasting less than a second released less of the available
transmitter and thus could be repeated more often and could provide temporal information about
the onset and offset of drug action (11).
The ultimate extension of this is a stimulus train of only a single pulse (17). Under normal
physiological conditions, an action potential causes the release of neurotransmitter, which, in
addition to its action on other cells, acts on autoreceptors on the nerve terminal to reduce the
release of transmitter by subsequent action potentials (Figure 2). This autoinhibition
phenomenon is a fundamental means by which neuronal communication is self-limited. On the
other hand, if the autoreceptors are blocked by an antagonist, autoinhibition is suppressed and
transmitter release is thus elevated causing excessive stimulation of postsynaptic receptors.

Figure 2. Using brain slices with voltammetry.

(a) A stimulating electrode and a working electrode are implanted in a brain slice. Following
stimulation, transmitter release occurs in a small region of the brain slice (circle) and is detected
by the working electrode.

(b) Dopamine (DA) release on two stimulation pulses applied to the slice, 2 s apart. Dopamine
release on the second pulse is lower than on the first.

(c) Schematic representation of nerve terminals with dopamine (dots). On stimulation 1,
dopamine is not yet released. However, on stimulation 2, dopamine released by the previous
pulse has activated the autoreceptor (rectangle) which, in turn, reduces the amount of dopamine
released by the second pulse.

However, a single pulse should not be subject to autoinhibition because there is no preceding
pulse to release transmitter. With the demonstration that dopamine release could be detected
voltammetrically following a single pulse of stimulation (17), the hypothesis was directly
testable. Limberger and colleagues (18) showed that dopamine released on a single pulse
inhibited dopamine release on another pulse delivered a second later. This effect could be
prevented if the autoreceptors were blocked by a dopamine antagonist.
Electrodes and the brain
While learning about the processes of neurotransmission, we have also learned about the way in
which the brain responds to implanted electrodes. Unlike an electrochemical cell, the brain is an
electrically and chemically active environment. The implantation of an electrode is traumatic to
brain cells, and it is intuitively obvious that the smaller the electrode the less damage that occurs.
Modern carbon fiber microelectrodes, only ~10 µm in diameter, cause much less damage than
the wider ~250-µm carbon paste electrodes used 20 years ago. The fact that carbon fibers can
also be used to monitor the electrical activity of individual nerve cells for prolonged periods is

further evidence of their safe use. The smaller current flow through microelectrodes is much
safer and, when combined with scanning techniques, provides as much information as large
electrodes with DPV and other waveforms. Smaller electrodes also minimize artifacts (19).
Interestingly, the size of the electrode can alter the species detected. For example, larger
electrodes may disrupt the blood-brain barrier and allow blood-borne compounds to be detected
or they can evoke a local gliosis (tissue reaction to a foreign object) (20). The consensus is that
small electrodes and nonpulsatile recording methods form the best strategy to minimize
interference with brain function.
We now also know how the neuronal microenvironment may influence electrodes and
voltammetric measurements (21). Although in many ways an excellent support electrolyte, the
extracellular fluid (ECF) does contain protein that may adsorb to electrode surfaces, impede
electron transfer, and thus decrease electrode sensitivity. This occurs more or less immediately
following electrode implantation with little additional deterioration as time passes (22), but it can
be partially circumvented by covering the electrode surface with permselective coatings such as
Nafion. In addition to enhancing selectivity for the monoamines over their anionic metabolites,
these coatings also probably reduce fouling by protein.
Poisoning of electrodes by oxidation products is more difficult to negate. Phenolic and
hydroxyindole oxidation products, such as those arising from serotonin, are particularly
troublesome because they tend to be insoluble and may form a film at the electrode surface.
Although there is little control over the concentration of these compounds detected in vivo, we
now know that electrodes should not be exposed to high concentrations when calibrating. The
response time of an electrode may also be affected if it is covered in brain tissue or by a film that
can act as a physical barrier through which amines must diffuse, thereby causing artificially slow
response times to changes in concentration.
It was recognized early that a pool of ECF forms at the tip of an implanted electrode (23), and
that standard solution diffusion coefficients are applicable within this zone. However, transmitter
diffusing through the ECF into the pool must pass between nerve cells. This tortuous route
means that the functional diffusion coefficient is decreased. For long measurements that deplete
the electrode tip pool of transmitter by electrolysis, the pool can be replenished only by diffusion
on this slower path thereby making fast measurements advantageous.
The desire to minimize tissue damage has meant that, for many of today's applications, the
carbon fiber microelectrode is the working electrode of choice. The carbon fiber extending
beyond the insulation may be cut or beveled such that the active surface is a disc, cylinder, or
ellipse. These electrodes may then be used as prepared, may be electrically pretreated, or the
surface may be coated with Nafion (6).
Real-time voltammetry
FCV came about because smaller carbon fiber electrodes allowed faster electrochemical
measurements to be taken. The voltage scan rate was increased and, rather than lasting a couple
of minutes, each scan took only 20 ms and thus could be repeated many times per second.

The features that distinguish FCV from classic voltammetric methods are the speed of the
measurement and the size of the electrode used. Whereas most "beaker-type" electrochemical
measurements using electrodes up to 3 mm in diameter last several seconds or minutes (10 mV/s
is a typical scan rate), an FCV scan takes only 20 ms (~400 V/s) and is made at a carbon fiber
microelectrode ~8 µm in diameter. These measurements can be repeated many times per second
and thus give near-real-time detection of transmitter release.
In FCV, background current signals prior to a stimulation or "event" are digitally subtracted from
those obtained during a transmitter release event. Thus, current common to both is eliminated,
and only the faradaic current from the oxidized species remains. Despite the high scan rate of the
applied voltage waveform, FCV does not affect neuronal activity (20). Indeed, FCV may be
combined with electrophysiological recording at the same electrode (24, 25). In other words, it is
possible to probe the electrical and neurochemical activity of the cells simultaneously. This
capability has greatly enhanced the quality of data acquired by each approach used in isolation
and has allowed the relationship between pre- and postsynaptic events to be investigated.
FCV is used mainly to monitor the release and uptake of endogenous monoamine
neurotransmitters in vivo (10, 11) and in vitro (17, 26, 27). One advantage of FCV has been to
shift the emphasis away from metabolites (as indices of transmitter release) and to focus
attention on the neurotransmitters themselves.
Beyond the whole animal
Parallel to many of the technological developments has been a dramatic extension of the range of
voltammetric applications. For instance, the advent of brain slices (28) has revolutionized
functional neurochemistry. The brain slice allows the user to control most features of the
physiological environment (temperature, pH, and ionic composition) in a way that is not possible
in vivo. True concentration-response curves can be constructed without the distraction of actions
mediated peripherally or at other locations within the central nervous system. Studies in brain
slices are also conducted without anaesthetic agents, to avoid unwanted drug interactions. The
use of brain slices also allows the actions (inhibition or stimulation of release or uptake) of many
drugs that cannot be studied in whole animals (because they are either too toxic or they do not
reach the brain) to be examined.
A common feature of many previous nonvoltammetric studies in slices is the use of radiolabeling
to tag the tissue neurotransmitter pool. There are serious limitations to this approach. This
technique is based on the erroneous assumption that exogenous radiolabel is released by the
tissue in an exactly synchronous fashion with the endogenous transmitter. In addition, it is often
necessary to block neurotransmitter re-uptake to obtain detectable transmitter efflux in these
experiments. Lastly, these kinds of studies have negligible spatial resolution--it is necessary to
evoke transmitter release from most of the tissue to obtain detectable levels.
An ideal method would detect spatially resolved, calcium-dependent release of the endogenous
transmitter, without the artificial circumstance of uptake blockade. In many respects,
voltammetry measures up well to these ideals and a wealth of information has been obtained
about the dynamics of transmitter release and re-uptake. Because the positioning of electrodes in
brain slices is done visually, electrodes can be placed accurately in very small nuclei that are

difficult to access stereotaxically in the whole animal. This gives the method excellent spatial
and temporal resolution.
Like in vivo voltammetry, the first recorded voltammetric experiments in brain slices to look at
K+-evoked dopamine efflux in the striatum (brain region rich in dopamine nerve terminals) were
conducted in Adams' laboratory, mainly to shed light on data obtained in vivo. Since then, the
brain slice-voltammetry methodologies have been used to measure ascorbic acid (29), serotonin
(26), and norepinephrine (27) in a much larger range of nuclei.
In addition to pharmacological studies, carbon fiber microelectrodes can be used to conduct
spatial studies to make a functional map of brain areas. For example, this approach has been used
to map the penetration of different types of dopamine nerve terminals in the medial part of the
striatum (30).
Voltammetry with cells
Although slices are themselves a simplified system in relation to the whole animal, it is possible
to take an even more reductionist stance. The cell is a fundamental unit and level of analysis in
biological systems, and the ability to analyze the chemical constituents of single cells is of
considerable interest. The small sample size is the limiting factor, both with respect to detection
limits and sample handling. The development of a "chemical neurophysiology" moved much
closer to realization with the recording of transmitter release from single cells (31).
This endeavor has now reached the stage that individual exocytotic release events, the "quanta"
of neurotransmissions, can be measured. Figure 3 is such an example for an adrenal chromaffin
cell that is, in essence, a nerve terminal. These cells possess most of the transmitter release
machinery of a neuron and, when stimulated, release catecholamine (mainly norepinephrine and
epinephrine).

Figure 3. Using voltammetry to measure exocytosis of an adrenal chromaffin cell.

(a) A beveled carbon fiber microelectrode is shown immediately above the cell. On stimulation,
the vesicles fuse with the cell membrane, and packets of catecholamine release and diffuse to the
recording electrode.

(b) The current output is held at a fixed potential (+0.65V). The "spikes" corresopnd to the
fusion of individual vesicles.

(c) Background current-corrected fast cyclic voltammograms (right) of the compound detected at
the beginning and peak of an individual spike. In each case, the signal consists of a single redox
couple, characteristic of a catecholamine. (Courtesy of Mark Wightman).
Stimulation of the cell with K+ or nicotine results in a series of current transients at the electrode.
These transients arise from individual vesicles releasing their contents of neurotransmitter into
the extracellular space. Wightman and co-workers have examined the temporal characteristics of
these observations with respect to diffusional broadening as a function of electrode distance from
the cell surface (32, 33). Important characteristics of vesicular release can be studied, including
delay in vesicle fusion (34) and the quantal nature of the release (35, 36).
Of course you don't have to park the electrode outside the cell. Because carbon fiber
microelectrodes with tips smaller than 1 µm are available, it is possible to penetrate the cell
membrane and study events within the cell (37). Surprisingly, cells tolerate this intrusion rather
well and appear to seal around the electrode tip.
Just as studies on transmitter release have benefited from a reductionist approach, so have studies
on uptake. A new application of an old method, rotating disk electrode (RDE) voltammetry, is
turning out to be a useful way to examine catecholamine uptake. Schenk has shown that RDE
voltammetry can be used to follow the disappearance of catecholamines from a rapidly stirred
suspension of synaptosomes or tissue homogenate (38, 39). The significant feature of the method
is that a complete time course of uptake is obtained, including the first few seconds of uptake
after the addition of substrate. In addition, effects of diffusion are minimized by the rapid
mixing. It is possible to obtain an excellent measure of the initial rate as well as data on
processes that develop later as substrate accumulates inside the nerve terminals. The data can be

analyzed in detail for information on the kinetics of the transport process. Also, because most
substrates of catecholamine transporters are electroactive, structure-function studies can be done.
The method can be combined with molecular biology to study the kinetics and mechanism of
catecholamine transporters expressed in cell lines (40). Because the cells are not the nerve
terminals in which the transporters are normally found, the processes, such as vesicular release,
that complicate the interpretation of the data are absent, and the analysis is greatly simplified.
For example, dopamine is added to a stirred suspension of cells expressing the human
norepinephrine transporter, which causes a large increase in current. The concentration of
dopamine monitored by the RDE falls as dopamine is rapidly taken up into the cells. After most
of the dopamine has been taken up, a second substrate, p-tyramine, is added to the suspension,
causing a temporary reversal of dopamine flux. Thus, transport in both directions is observable
sequentially in the same preparation.
Most in vitro uptake studies have been done by measuring the accumulation of radioactive
substrates after a specified period of time, typically 5 min or longer. As the above example
illustrates, voltammetry allows the entire time course to be followed. The method holds great
promise for studying the structure and operation of the transporter by examining the effects of
point mutations of the transporter on uptake.
Gazing into the crystal ball
It has been a long journey since Adams implanted a carbon paste electrode into a rat brain and
hooked it up to a polarograph. In the mid-70s, a typical voltammetric electrode was 300 µm in
diameter and a voltammetric scan took a minute or longer. Measuring the kinetics of transmitter
release from individual nerve cells, now routinely done, would probably have been considered
science fiction at that time.
Trying to predict the future of in vivo electroanalytical techniques is nevertheless an invidious
task. Following the trends of the last decade or so, it seems likely that the main themes will be
smaller and faster. The measurement of slow changes in transmitter release in behaving animals
is done so effectively by dialysis that there seems little point in using voltammetry for this task.
Most of the best work done with voltammetry has taken advantage its greatest assets, its spatial
and temporal resolution.
We expect even smaller submicrometer electrodes to further probe the architecture of individual
nerve cells. In another 20 years will our successors be writing about the latest developments in
"intravesicular" or "intrasynaptic" voltammetry? Stranger things have happened.
No review of voltammetry would be complete without acknowledging Ralph Adams who was
crazy enough to put an electrode in the brain in the first place, but smart enough to recognize its
potential.
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ABSTRACT:
The QQC device can measure the subtle electric fields of the
volt-ammetric signature of a substance suspended in water as a homeopathic
solution. The different components of blood analysis have been tested for their
trivector fields. Then the EPFX / SCIO has been used to test patients reactions.
Done by and with Biofeedback.
Over the last two decades several papers have displayed that the EPR
(Electro-Physiological-Reactivity ) of a patient to these trivector fields has been
significant to have a large degree of accuracy in patient analysis. The accuracy
has been approximately 75 to 85%. With some false positives and false
negatives, the EPFX / SCIO test can be interesting but not accurate enough for
diagnostic clinical use. These studies are reviewed. .

THE VOLT-AMMETRIC SIGNATURE
Electro-Chemistry has been a respected and developed science for
many decades. Thousands of articles and books have been written on the
subject. It is also known as polography.
A three-dimensional (Trivector) topological electro field can be measured
which shows the relationships among various time-dependent volt-ammetric
techniques using micro electrodes. Intersections of the surface with appropriately

oriented planes represent conventional polarography, chronopotentiometry,
polarography at a stationary electrode, and constant-potential voltammetry.
Homeopathy is dependent on a shape transfer process. The activation of
neuro-emotional shape receptors can offer an explanation of homeopathy. Our
trivector

three-dimensional

topological

field

time-dependent

voltammetric

techniques offers a good compatibility with the trivector resonance system. This
has been shown to provide an accurate system of homeopathic analysis. This
article will only deal with the three-dimensional topological field time-dependent
voltammetric techniques as part of a whole system for homeopathic shape
analysis.

Scientific Principles of voltammetric Trivector Analysis
1. The liquid crystal nature of the polar substance water is a well known scientific
principle.
2. The memory of water to retain and return to it’s crystal polymorphic shape
structure is also well known.
3.Electrochemistry
(polarography,
Polography,
chronopotentiometry,
volt-ammetry) are standard accepted scientific principle. of modern chemistry for
chemical analysis.
4. The dynamics of the chemical information transfer of hormones through shape
receptors in the cell is the basis of all pharmacology. All hormones work by
stimulating these shape receptors. The plasticity of these receptors has allowed
synthetic chemistry to appear to work. Shape receptor stimulus is our fourth
scientific principle.
These four well known scientific facts offers us an explanation for
understanding and proving high potency homeopathy as a medical treatment.
This science also offers us a superb homeopathic quality control procedure.
Now homeopathy can be proven, tested, understood, and defended with these
scientific principles.
The principle of water’s liquid crystal shape capacity and homeopathy was
demonstrated by Nelson in 1997 (IJMSH). Here several homeopathics were
frozen and analyzed for repeatability. In this journal the electrochemical
reactivity of homeopathic remedies were also well determined. The analysis of
conductive resonance, magnetic resonance, and capacitance states were
proven a window of examination analysis. Voltammetry or electrochemistry
offers a potential more efficient and accurate system of examination. A trivector
voltammetric analysis has been done by others, and a refined variation of this
process has proven valuable for homeopathy.
Water is a polar substance. It has a small magnetic pole. If we place a
plastic comb rubbed with fur next to a small trickle flow of water we can see the
water flow bend towards the electrically static charged comb. This polar nature
of water allows it to take a shape. As that water is a liquid crystal at
temperatures from 0 Celsius to 55 Celsius. at temperatures above this the
kinetic energy of the heat destroys the polar nature.
Next we put different metal electrodes into a container of the water
homeopathic to be tested. There will be an electro potential established between
the electrodes. As we pass a changing voltage current thru the water based
homeopathic the current or amperage potential will change at the electrodes.
This volt-ammetric reading is different for each substance. Because the liquid

crystal effect of water will make a distinct pattern that is reflective of the different
shape.
The shape of the liquid crystal polar water reflects and resonates the
flow of the current and it’s variant voltage. Just as the shape of a canyon
determines the style of the echo that resonates thru it when you call. The shear
lines and crystal boundaries have a signature effect on the output. Each
substance has a different volt-ammetric trivector signature.
Just as our shape receptors in our nose and tongue detect a shape
(taste and smell), the shape of the homeopathic is also detected by the
volt-ammetric process. It is the volt-ammetric signature that is responsible for
the phenomena of taste and smell. The reactive receptors detect the
volt-ammetric signature to react. This shape detection is a three dimensional
process, so we have called it the trivector. After the three vectors of electronic
theory.
In this study we discuss the decades of research behind the
trivector work on standard blood analysis components. All of the components of
blood were potentized in water to determine the trivector signature of each.
These signatures were sent into subjects with a safe registered biofeedback
system. The reactions were then determined and we measured the amount of
reactivity a patient had to the trivector signatures versus the more standard
blood analysis chemical technique.

The subjects had a strong tendency to electrically
react to the trivector fields of items that were irregular or
abnormal in the blood. But since the accuracy was only
approximately 80%, There was a need for a disclaimer to
consider the results pre-diagnostic as best and to confirm any
reading with proper blood analysis.

BLOOD ANALYSIS
As we check the ElectroPhysiologicalReactivity of our patient we soon find
that the unconscious reactions can be hard to understand. This is
particularly true of very sick people. The blood is the most valuable and
technically perfect of fluids. thus it is defended greatly by the body. The
blood then is one of the last places to detect disease. Heroic modern
medicine is designed to deal with crucial diseases and these appear in the
blood analysis. In developing the Nelson Method of Medicine we try to get
people to see us in the earliest stages of disease. But most of our clients
still have deep disease states. So blood analysis is of vital importance.

But the medical system has some loose criteria of what is an improper
blood profile. So I have taken my experience and knowledge of blood
analysis and applied it to the blood science. So when you input in the
values in SI terms you might get a different outcome from others. But we
are trying to prevent disease and disease progression. We want to
promote healing, cure, and recovery not just symptoms reduction.
The first signs of disease states provide warnings. Any blood change of
significance means the disease is allready is in progression. The results
are best done in SI terms but there is a conventional input as well. A list of
the items and the values are contained in this text. There is also a link to
the possible mental states of the patient. The system will reveal a list of
possible or probable diseases. You will need to access and rule out which
ones are true or not.

Reference vaues for Blood (B), Plasma (P), and Serum
(S)
TEST

NORMAL ADULT RANGE
CONVENTIONAL UNITS

Blood, Acetoacetate plus acetone(B)
Negative
Blood, Aldolase (S)
1,0-8,0 u./L
Blood, Aminotransferase (S)
Alanine(ALT, SGPT)
5-30 u./L
Aspartate (AST, SGOT)
5-25 u./L
Blood, Ammonia (B)
11-35 mmol/L
Blood, Amylase (S)
60-160 u./dL
Blood, Ascorbic acid (B)
0,4-1,5 mg/dL
Blood, Bilirubin (S)
Direct (Conjugated)
0,1-0,4 mg/dL
Total
0,3-1,1 mg/dL
8,5-9,0% of body weight (kg)
Blood volume
Blood, Calcium (S)
Ionized
2,1-2,6 mEq/L
4,25-5,25 mg/dL
Total
4,6-5,5 mEq/L
9,2-11,0 mg/dL
Blood, Carbamazepine (P)
3-12 mg/mL
Blood, CO2 content (S)
24-30 mEq/L
Blood, CO (B)
<5% of total Hb
Blood, Carotenoids (S)
0,5-3,0 mg/mL
Blood, Ceruloplasmin (S)
27-37 mg/dL
Blood, Chloride (S)
96-106 mEq/L
Blood, Cholesterol (S)
120-220 mg/dL
Blood, CK (S)

SI UNITS
16,6-135 nkat/L*
83-500 nkat/L*
83-415 nkat/L*
11-35 m mol/L
111-296 u./L
23-85 mmol/L
1,7-6,8 mmol/L
5,1-19,0 mmol/L
80-85 mL/kg
1,05-1,30 mmol/L
2,3-2,75 mmol/L
12.75-51,0 mmol/L
24-30 mmol/L
0,9-5,6 mmol/L
1,8-2,5 mmol/L
96-106 mmol/L
3,1-5,68 mmol/L

Female
Male
Blood, CK isoenzymes (S)
Blood, Copper (S)
Blood, Creatinine (S)
Blood, Digoxin (S)
Therapeutic
Toxic
Blood, Ethanol (B)
Blood, Glucose, fasting (P)
Blood, Iron (S)
Total
Binding capacity
Blood, Lactate (B)
Venous
Arterial
Blood, Lactic dehydrogenase (S)
Blood, Lead (B)
Blood, Lipase (S)
Blood, Lithium (S)
Therapeutic
Toxic
Blood, Magnesium (S)

10-70 u./L
25-90 u./L
5% MB or less
70-155 mg/dL
<1,5 mg/dL

166-1167 nkat/L*
416-1500 nkat/L*
11-24 mmol/L
<133 mmol/L

0,8-2,0 ng/mL
>2,5 ng/mL
Negative
75-105 mg/dL

4,2-5,8 mmol/L

50-150 mg/dL
250-410 mg/dL

9-27 mmol/L
45-73 mmol/L

4,5-20 mg/dL
4,5-14,4 mg/dL
50-115 u./L
0-50 mg/dL
0-1,5 u. (Cherry-Crandall)

0,5-2,2 mmol/L
0,5-1,6 mmol/L
833-1917 nkat/L*
0-2,4 mmol/L
0-1,5 u.
(Cherry-Crandall)

0,5-1,4 mEq/L
2,0 mEq/L
1.3-2,1 mEq/L
1,8-3,0 mg/dL
Blood, 5' - Nucleotidase (S)
1-12 u./L
Blood, Osmolality (S)
280-295 mOsm/kg
serum water
Blood, Oxigen saturation (B)
Arterial
96-100%
Blood, Pco2 (B)
35-45 mm Hg
Blood, pH (B)
7,35-7,45
75-100 mm Hg
Blood, Po2 (B)
Blood, Phenobarbital (S)
Therapeutic
15-50 mg/mL
>50 mg/mL
Toxic
Blood, Phenytoin (S)
Therapeutic
5-20 g/mL
Toxic
>20 g/mL
Blood, Phosphatase, acid (S)
0,2-1,8 IU/L
Blood, Phosphatase, alkaline (S)
23-71 IU/L
Blood, Phosphorus, inorganic (S)
3-4,5 mg/dL
1-1,5 mEq/L
3,5-5,0 mEq/L
Blood, Potassium (S)
Blood, Primidone (S)
Therapeutic
5-12 mg/mL
>15 mg/mL
Toxic
Blood, Procainamide (S)
Therapeutic
4-10 mg/mL
>16 mg/mL
Toxic
Blood, Protein (S)

1,0-2,6 nmol/L
>3,2 nmol/L

0,5-1,4 mmol/L
>2.0 mmol/L
0,7-1,1 mmol/L
16,6-200 nkat/L*
280-295 mmol/kg
serum water
0,96-1.00
4,7-6,0 kPa
7,35-7,45
10,0-13,3 kPa
65-215 mmol/L
>215 mmol/L
20-79 mol/L
>79 mol/L
3,3-30 nkat/L*
383-1185 nkat/L*
1,0-1,5 mmol/L
3,5-5,0 mmol/L
23-55 mmol/L
>69 mmol/L
17-42 mmol/L
>68 mmol/L

Total
Albumin
Globulin
Blood, Electrophoresis
Globulin
a1
a2
b
g
Blood, Pyruvic acid (B)
Blood, Qunidine (S)
Therapeutic
Toxic
Blood, Salicylate (P)
Analgesic
Anti-inflammatory
Toxic
Blood, Sodium (S)
Blood, Sulfate (S)
Blood, Triglycerides (S)
Blood, Urea nitrogen (S)
Blood, Uric acid (S)
Blood, Vitamin A (S)
Blood, Vitamin D derivatives (S)
1,25 - dihydroxy
25 - hydroxy

6,0-8,0 gm/dL
3,5-5,5 gm/dL
2,0-3,5 gm/L

60-80 gm/L
35-55 gm/L
20-35 gm/L

0,1-0,4 gm/dL
0,4-1,1 gm/dL
0,5-1,6 gm/dL
0,5-1,4 gm/dL

1-4 gm/L
4-11 gm/L
5-16 gm/L
5-14 gm/L

0,3-0,9 mg/dL

0,03-0,10 mmol/L

1,2-4,0 mg/mL
>10 mg/mL

3,7-12,3 mmol/L
>30 mmol/L

20-100 mg/mL
150-300 mg/mL
>300 mg/mL
135-145 mEq/L
2,9-3,5 mg/dL
35-160 mg/dL
8-23 mg/dL
3-7 mg/dL
20-60 mg/dL

145-724 mmol/L
1086-2172 mmol/L
>2172 mmol/L
135-145 mmol/L
0,3-0,36 mmol/L
0,40-1,81 mmol/L
2,9-8,2 mmol/L
0,18-0,42 mmol/L
0,7-2,1 mmol/L

20-45 pg/mL
25-40 ng/mL

48-108 pmol/L
62,5-100 nmol/L

REFERENCE VALUES FOR URINE
TEST

NORMAL ADULT RANGE
CONVENTIONAL UNITS

SI UNITS

Negative
1-17 u./h
<300 mg./day

1-17 u./h
<7,5 mmol/day

Urine, Acetone plus acetoacetate
Urine, Amylase
Urine, Calcium
Urine, Catecholamines
Epinephrine
Norepinephrine
Urine, Chorionic gonadotropin
Urine, Copper
Urine, Coproporphylin
Urine, Creatine
Females
Males
Urine, Creatinine

<10 mg/day
<100 mg/day
Negative
0-50 mg/day
30-250 mg/day

Urine, Cystine or cysteine
Urine, Hemoglobin and myoglobin
Urine, 17 - Hydroxycorticosteroids
Urine, 5 - Hydroxyindoleacetic acid
Urine, 17 - Ketosterois

Negative
Negative
2-9 mg/day
2-9 mg/day
4-18 mg/day

<100 mg/day
<40 mg/day
14-26 mg/kg/day

55 nmol/day
0-0,8 mmol/day
46-380 nmol/day
<0,76 mmol/day
<0,30 mmol/day
0,12-0,23
mmol/kg/day
5,5-25 mmol/day
10-47 mmol/day
14-62 mmol/day

<0,08 mg/mL or
<120 mg/day
0,4-1,3 gm/day
Negative
<150 mg/day
Negative
0,1-0,8 EU/2h
Urine, Urobilinogen
0,5-4,0 EU/day
Urine, Uroporphyrin
<50 mg/day
Urine, Vanillylmandelic acid (VMA) 1-9 mg/day
Urine, Lead
Urine, Phosphorus, inorganic
Urine, Porphobilinogen
Urine, Protein
Urine, Sugar, quantitative glucose

<0,39 mmol/L
13-42 mmol/day
<150 mg/day
0,1-0,8 EU/2h
0,5-4,0 EU/day
<60 nmol/day
5-45 mmol/day

The volt-ammetric analysis of the patient was done with the EPFX system
registered as biofeedabck in America and Europe

BLOOD COMPONENT ANALYSIS RESULTS
In 1997 the International Journal of the Medical Science of
Homeopathy published an article on an ongoing study of blood analysis
components. The accuracy rate was quoted as approximately 83%.
Several other medical doctors have compiled similar studies.
Matthias Heiliger MD of Germany has quoted a 92% accuracy rate.
Igor Cetojevic MD of Cyprus has quoted a 93% accuracy rate.
Clara Hilf MD of Hungary a 87% accuracy rate.
Anna Maria Cako MD of Hungary has stated 92% accuracy rate.
Josef Mezei MD of Romania remarks over 90% accuracy rate.
Tomas

LBT Of Norway says 95% accuracy rate.

There are many more studies done by Licensed Biofeedback
Therapists. These estimates range from 80% to 95%.
In our double blind study we showed that 78% of a hundred person
sample of patient with low blood iron, showed significant reaction on SCIO
testing to blood iron. Twelve patients with high serum iron levels also all
showed significant reaction.
Three patients with Wilson’s disease showed all significant reaction
to blood serum copper.
Of Fifty three patients with high blood cholesterol forty six showed
significant reactions on the SCIO.
Of twenty four patients with high sodium eighteen had significant
reactions to blood serum sodium.
Of twenty nine patients with triglyceride levels only fourteen showed

significant reactions.
DISCUSSION
In our clinical study we feel that the Doctor clinical estimates are a bit
high. The emotions of the researchers and their enthusiasm over the
results the technicians get can effect results. A proper double blind has
shown a more conservative 75% is a more true picture. Many blood tests
would be satisfied with such results. But since the scores on the SCIO final
test profile are sometimes difficult to find, use of the SCIO as a final blood
analysis system is not a good idea.
But our opinion is that with such a large chance of false positives and
false negatives, we are best to reccomned that the SCIO is not to be used
as a diagnostic device. Prediganostic at best. Interesting at least. But
please confirm any important result with a second more standard opinion.

AREAS OF OBSERVATION
2. Changes Inside of RBC

SIGNIFICANT

POTENTIAL DISEASE

RECOMMENDED

OBSERVATION

FACTORS

ACTION

Target Cells

Low 02, B12, folic Acid,

Veg. Enzymes, iron,

anemia, insufficient

folic acid B6, 12, green

bile, obstructive

foods, liver glandular,

jaundice Low iron or

HCL taurine, N-Acetyl

reduced hemoglobin

cysteine, Black,

synthesis, heavy

strapmolasses, wheat

menstruation, ulcers

germ, Kelp, black

hypothyroidism, spleen

radish, Pancreatin,

dysfunction Dysbiosis,

choline, Inositol

pale skin, lethargy, long Muchokehl w/ Alkala
airplane travel less
than 72 hours,
thalassemia, nagging
fatigue
Inclusions in RBC

Stressful lifestyle, appear

Sanuvis

(Parasitized)

18-24 months before

C2

clinical symptoms, yeast
infections, terrain
imbalance, pH of saliva
acidic dysbiosis, acute
and chronic disease skin
fungal issues
Increasing dysbiosis ,

Free radial scavengers,

thorny

liver spleen issues,

selenium,

(Echinocytes)

impaired 02 delivery

Raw spleen Liver

RBC appear rough &

concentrates,

C3

B Complex, PABA,
enzymes,
Vit. C pH buffered, Vit.
E
3. RBC Formations

Rouleau

Hyperviscosity of

Proper nutrition, flora,

D1

blood, dysbiosis

pH, ¯ Stress if due to

hyperproteinemia,

Dysbiosis use

intestinal stress

Mucokehl Latensin,

multiple myeloma,

Utilin, Pefrakehl,

congestion, mental and

Sanuvis, HCL niacin,

physical stress, low 02

Enzymes, cayenne

poor digestion, in

Trace minerals, B3,

asymmetric protein

pancreatin Drainage of

molecules, more

liver, lymph, kidney,

serious if mixed with

Leaky Gut Protocol,

fibrin, mineral

calcium lactate

deficiences geopathic,

pancreas, Tahebo tea,

chemical, radiation,

lemon Water, Ozone,

stress poor circulation,

DNA Repatterning

cold hands and feet
Aggregation

Saturated fat ingestion,

Backing soda baths,

Inhibits 02 & C02

pertin fermented foods,

transfer pH and

spiruline, B3, B6,

electrolyte and tace

Caynne

minerals and enzyme

EFA, raw foods, HCL &

imbalance, poor

pancreatin

excretion ELF/EMF

Vit. E, Cell food, Celtic

exposure, heavy metals

Salts

intake of toxic foods,

Enzymes, Potassium

liver issues, long term

citrate, QXCI

stress, extreme hear

flax oil, QXCI, niacin,

stress, shortness of

DNA Repat. Trace

breath, joint pain, blood

minerals, ozone,

pH alkaline Toxic

chelation, Licorice root,

foods, at risk of CVA

organic foods
Alkala, & Sanuvis &
Nigersan
Mucokehl & HCL in IV
form

4. White Blood Cells

Too few

Inadequate immune

CBC, Ozone, Blood

E1

response, radiation,

transfusions,

chemotherapy, free

IV Therapies

radicals
Too many

Infection, digestive

CBC, Vit C IV, HCL, pH

E1

issues, look for

Sanum

kioekothecits, allergies,
Hodgkin’s Leukemia
Viability below 75%

Bacterial, fungal, viral

Raw thymus,

E2

infections, Chronic

grapeseed, Vit. C

fatigure, smoking,

Ozone therapy &

hypoxia, Low HCL, Bit.

peroxide baths,

C and zinc, increase

HCL & pepsin with

sugar intake, candida,

meals

fungus, digestive

Sanum Candida protocl

insufficiency Sugar

Super oxide dismutase

intake

SOD trace minerals,
enzymes

Parasitized WBCs

Non seroidal drugs,

Rebas, Latensin,

(Enderlein)

hypoxia of bowel silver

recarcin,

(Eosinophils)

fillings, dysbiosis,

Omege testing, for

E3

leaky guy, leukemia,

foods, parasites,

parasite infection,

BTA, Spenglersan

impaired cellular

test for candida, Vit.

defense, Hodgkin’s

A, C B6, Zinc

more than 1-3% means
allergies dark circles
under eyes, white spots
on finger nails, eczema,
fluid retention
Hypersegmented WBC

¯ HCL, B12, folic acid,

SOD, mineral analysis

E4

poor immunity,

for Zinc Copper,

chemotherapy, chronic

manganese, Green

deg. Diseases,

Leafy veg. Legumes,

Malabsorption,

spinach, B12, HCL

glossitis, magenta red
tongue, depression,
menopausal issues, at
risk of heart attack
Lysing WBC

Immune compromise,

E5

cortisone use
Lymphatic issue,
geopathic stress B12,
Folic acid imbalance
dental foci, copper
pipes, heavy metals
assimilation and
digestion issues

Enzymes, pH balance
see viability above
Omege re heavy metals
Spanglersan

5. Fibrin

SIGNIFICANT
OBSERVATION

POTENTIAL
DISEASE
FACTORS

RECOMMENDED
ACTION

Thick Spider web

Dysbiosis, liver kidney

pH balance,

formation

stress,

homeopathic

Or bouquets
F1-F4

Cancer, heart disease, drainage, bowel cleanse,
bowl toxicity

EFA,

Oxidative damage in

BTA, Spenglersan,.

blood, fatigue

Drink water 8 glasses,

Arthritis, joint &

HCL, bigorous

rheumatic issues

exercise/walks,

connective tissues

enzymes, Potassium

issues, brain fog,

Citrate Trace minerals,

stress to mesenchyme,

Vit. Bs

malabsorption

Mucokehl, Nigersan, &

congestion,

¯ in O2,

Atox Alkala, Sanuvis,

flatulence,

Kambucha tea green

hypertensive drugs,

foods, Bifidus etc. juice

antibiotics use

fast, licorice, Salmon oil

heart bloating,
antihistamine use,
headaches, Tylenol
use, degenerative &
Chronic diseases
Lupus, MS, MG,
ALS (turberculin
disorders), alcohol,
virus
6. Platelets

Platelets not visible

2ndary defense

with NaCl

readiness impaired

Aggregation

PH imbalance, excess

Enzyme, digestive

G1-G3

protein, toxic foods

support CBC & HDI

Triglycerides, stress,

balance pH, ozone, GIA,

Balance pH, BTA

cold hands, feet

DHA

¯ O2, inc. chylous

lecithin, omega 3,

material

greens, Vit E & C, raw

Upward mobility of

fresh fats, l-Carnitine,

Mucor (congestor)

Fish, EFA chelation,

Diabetes, viiral

N-Acetyl cysteine

infections including

potassium Magnesium

Epstein Barr, Herpes,

Aspartate, B6, 12

Hep.C, Angina

Cayenne, homeopathic

Niacin & magnesium

drainage, colen cleanse,

deficiencies

Doppler, IV of HCL &

Low consumption of

Mucokehl, chelation

fruits & veggies

Alkala, Mucokehl,

At risk of CVA, and

Sanuvis, Mucokehl

clots, liver stress

milieu therapy,

Poor circulation, high

Enzymes, Milk thistle

blood pressure

diet GLA, Lipotropics,

Atherosclerosis,

Vit C, B6, E, Chromium,

degeneration of arterial

Echocardiogram

wall, dec. energy, pain
in clves
When walking,
progressive canceer
Current EDTA
chelation, ozone, H202
7. Pleomorphic changes

Somatids/Protits

RBC membrance too

Too few

thick, does not

Regulate pH, mineral
salts, Viatmins

H1

Allow somatids/Protits

hormones, enzymes,

to emerge

metals

Too alkaline blook pH,

Mucokehl & Nigresan

defense weak
Too Many = Protit Veil
H1

Acid pH in tissue &

Blood pH=7.35 for

alkaline in Blood

spermit formation Alkala

During isopathic

& Sanuvis regulate pH

therapy

before starting isopthic

Abundance of protons

or other remedies detox

Highest 2-6 hrs. after

Fasting blood raw food,

fatty meal

liver & spleen

kidney of heavy metals
Too Many
Chylomicreons

Digestive organ issues concentrate, Vit B & folic
High blood pressure,

acid, Vit. C, lipotropics,

poor fat digestioon

homeopathic drainage

Pancreatic

bowel detox, enzymes, ¯

insufficiency, obesity

saturated fats, lecithin

Leaky gut, high blood

EFA

fats,
Or liver issues
Macrosymprotits

Acid pH in tissue &

(embryonic Bacteria)

alkaline in Blood

regulate pH

H2

Immune dysfuction,

Ozone Therapies, detox

use of antibiotics

liver

Fermentation digestive

Address digestive

Alkala & Sanuvis

process Anaerobic

issues

condition, NSAIDS cold

QXCI for food

hands, feet, poor

sensitivies intestinal

circulation depression,

flora

Myalgias, abdominal

DNA Reppaterning

pain, congnitive &

Notakehl to unlock

memory deficits, Leaky

All B Vits., retinal,

guy, inflammatory

ascorbate, tocopherol,

bowel, enterocolitis,

zince, selenium

Crohn’s, Ankylosing

molybdenum,

Spondylitis, acen,

mangnese, EFA

eczema, psoriasis

magnesium, glutamine,

cystic fibrosis, celiac

Glutathione, flavanoids,

disease, food *

figer

chemical sensitivities,

Spenglersan

antibiotic use dental
foci = Strp Inf.

Mucokehl * Nigersan or

Environmental illness,

Sankombi

flora unbalanced higher
Endobiosis,
Pteroharpen (dy

Excessive undigested

Enzymes, dietary

protein)

protein in blood related

changes, Nigersan

to heart disease,

balance pH, raw &

recurrence of disease,

green food

H7

asthma arthritis

replace animal protein,
Citrokehl Spenglersan,
pancreatin, HCL
Bio-oxidative therapies,

Yeast Like Forms

Related to acute &

Naessens

chronic infections can

Intestinal flora milieu

CWD (Cell Wall

be induced by ultra

therapies, propilis Vit.

Deficient)
H3

violet light & penicillin, BC,A,B5, 6, & D, Thymus
If pH more and more

glandular, Zinc, Garlic,

acidic will develop

Colloidal silver

further resistant to

Homeopathic drainage

antibiotics &

Bowel cleans, olive leaf

germicides anaerobic

extract

terrain, ingest amino
acids

SIGNIFICANT
POTENTIAL
OBSERVATION DISEASE
FACTORS

RECOMMENDED
ACTION

Leaky gut syndrome,

Mucokehl & Alkala

compromised

714 – X, zinc absorption

Intestinal flora,

issues,

antibiotic therapies

Echinacea

Feed on toxins,
undigested nucleic
acids
And lipids, chemicals,
high blood sugar
Colds, earaches, boils
Colloid (transparent

Regulator of immune

pH of blood has o be

balloons) no

response

7.35

Nuclei inside, when

To make spermits,

QXCI

have 4-7 mychits

colloids and

Act as Thrombocytes,

Macrosymprotits

& Dioekothecits
(2nd defense) H4
Thecits with 1-3 or

Mirrors candida

714-X

more than 7

Fermentation process,

Candida: Colloidal

Nuclei (Mucor bacteria)

Leaky Gut

Silver intestinal flora,

called an

Foci in mouth, chronic

Utilin, notakehl, w/

Ascus (Naessens) is a

disease

Alkala, Ozone,

Thecit with more

Cancer, clogged lymph

Albicansan, Fortakehl,

Than 9 nuclei

Dental foci Pefrakehl,

H5

Spenglersan, pH

balance
Bacterial Rods (higher

Virus is a species

Mucokehl, Alkala, pH

the

specific chondrit

balance Oxygen

Development the more

Tumors. Dental foci, if

therapies, Zinc,

the pathology)

in Abdomen can

Intetinal flora,

H6

Become Peritonitis, if in Spenglersan, Propilis,
the stomach can

thymus, Vit. A,C

Become appendicitis,
myeloma &
Diabetes, muddled
thinking
Ascits & Synascits

Not seen in healthy

Needs spermits to

(from Mychits)

blood

copulate with muclei

May look like

Even days later,

Mucokehl, pH

flimmering in RBC

precancerous

balancing

When slide crushed

Oral pathology, silver,

Enzymes

ascits will emerge if

root canals

Remove dental foci

present.

Bridges, crowns, caps,

Spenglersan

H6

Alzheimer’s,
Parkinson’s, MS

8. Crystals

Hinder circulation to

Kidney stress, liver

Homeopathic drainage,

brain & heaart

stress

Raw & green food, tace

Includes heavy metal

Sclerotic chunks,

minerals Hydrate body

toxins,

inadequate lipase

flush the cells Raw liver

White & White-Yellow

Metabolism, undigested & spleen concentrate
protein

Raw animal & veg. Fats,

Inflammatory process,

Vit. Bs, C Folic acid,

capable of

fiber blend

Pleomorhic
development, resistant
to
Competitors in
environment
Yellow-Red

Tuberculosis

Enzyme therapies
Utilin = drainage
Drain/detox kidney
Utilin upper body focus
Notakehl & Nigersan =
lower body
Spenglersan
Liver drainage +
Latensin & Taraxecum
& Chelidonum
Ozone Therapy

Nigersan
Fiber & raw & green
foods Colonics, flora
replacement digestive
enzymes

Trapezoid, broken

Poor digestion of fats,

glass

or chelation

Steel-Blue with small

Tuberculosis

red rim
Brown or Brown-Yellow

Upper Abdomen, liver,
gall bladder

Yellow-Blue-Green

Urogential issues,
pre-noplastic stage
Tylenol

Blue reflection,

Metabolllic Disturbance

Cornflower Blue

and/or
Aspergillus, Thyroid,
pesticides

Red-Yellow

Bowel/liver toxicity,
constipation, infection,
elevated BP. Plaque
Clogged arteries, uric
acid, AIS, MS
Connective Tissue
Disorders TB
Prescription drugs,
require change in
glasses, skin eruptions,
toxic foods
Putrefaction in bowls,
leaky gut
Chronic Faigue,
Epstein Barr, Herpes
Drug users, cancer,
junk food, candida

9. Symplasts, Protoplasts

Square crystals

Neurological problems

Colloid

Degenerative diseases,

BTA

toxemia
Excess Colloids,
nutritional reserves,
Toxins, dysregulated
Endobiont
The harder the
symplast the more
Thrombocyte &

Pathogenic, High blood

Dissolve w/ Mucokehl &

Leukocytes

alkalinity

Nigersan &/or

Fibrous Thallus

From Fibrin, releas,

Sankombi

(Naessens)

excess amoount

PH balance, ozone,

Growth

714-X

hormone=chronic
diseases
Radiation,
chemotherapy
Protoplasts (grey-white

Bacterial & fungal cell

Vit. B5, 6, A, D, & C

outline)

with plasma

Thymus, adrenal &

With red crystals

Membrance, immune

spleen Glandular Zinc,

compromise, teeth,

Intestinal flora,

Dysregulated terrain,

Echinacea

urogenital, colds

Pancreatin colonics,

Extreme bowel toxicity,

Spenglersan Mucokehl,

strep. Mutants

Alkala, nigersan

Degenerative condition
Fatigue, liver & kiney
dysfunction,
Breeding ground for
bacterial infection

10 Systatogeny

Unification f protein

K

Balance pH

colloids of the

Ozone

Endobiont & different

QXCI

developmental stages,
to attain a stable form,
of multiple species.
Terrain anaerobic,
fermentation

Trend:

RECOMMENDATIONS:
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H
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EVALUATION:0-20min. Negative Ž Positive Ž Blood Degradation

Negative Ž Positive Ž

PROTOCOL FOR:
Mucor Racemosus Aspergillus Leaky gut Candida/Fungus Toxins Teeth

Please test for:
Mucokehl & Atox Nigersan & Atox Sankombi Sanuvis Citrokehl Utilin>S@
Fortokehl
Alkala

Streptococcus Staphylococcus Rebas Latensin
Albicansan Pefrakehl Notakehl

Secondary Defence System:

StrongŽ

Weak Ž

Recarcin

Absent Ž

Next Appointment: 3 months Ž 6 months Ž 12 months Ž After Treatment Started
Ž
Patient Received CD Ž
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Closed head injury in the rat induces whole body oxidative stress: overall
reducing antioxidant profile.
Shohami E, Gati I, Beit-Yannai E, Trembovler V, Kohen R.
Department of Pharmacology, Hebrew University of Jerusalem, Israel.
esty@cc.huji.ac.il
Traumatic injury to the brain triggers the accumulation of harmful mediators,
including highly toxic reactive oxygen species (ROS). Endogenous defense
mechanism against ROS is provided by low molecular weight antioxidants
(LMWA), reflected in the reducing power of the tissue, which can be measured by
cyclic voltammetry (CV). CV records biological peak potential (type of scavenger),
and anodic current intensity (scavenger concentration). The effect of closed head
injury (CHI) on the reducing power of various organs was studied. Water and lipid
soluble extracts were prepared from the brain, heart, lung, kidney, intestine, skin,
and liver of control and traumatized rats (1 and 24 h after injury) and total LMWA
was determined. Ascorbic acid, uric acid, alpha-tocopherol, carotene and ubiquinol10 were also identified by HPLC. The dynamic changes in LMWA levels indicate
that the whole body responds to CHI. For example, transient reduction in LMWA
(p<0.01) in the heart, kidney, lung and liver at 1 h suggests their consumption,
probably due to interaction with locally produced ROS. However, in some tissues
(e.g., skin) there was an increase (p<0.01), arguing for recruitment of higher than
normal levels of LMWA to neutralize the ROS. alpha-Tocopherol levels in the
brain, liver, lung, skin, and kidney were significantly reduced (p<0.01) even up to
24 h. We conclude that although the injury was delivered over the left cerebral
hemisphere, the whole body appeared to be under oxidative stress, within 24 h after
brain injury.
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Continuous amperometric detection of co-released serotonin and melatonin
from the mucosa in the ileum.
Patel BA.
Department of Bioengineering, Imperial College London, London, UKSW7 2AZ.
Bhavik.a.patel@imperial.ac.uk
Serotonin (5-HT) and melatonin (MEL) are well known neurotransmitters and
paracrine signalling molecules. Both compounds are present in enterochromaffin
(EC) cells in the mucosa of the gastrointestinal tract and are thought to play a role in
controlling gut motility. To date there are no real-time analytical methods for the
detection of these two molecules and it is not clear if MEL is actually released from
the EC cells. In this paper, I used boron-doped diamond (BDD) microelectrodes to
record 5-HT and MEL overflow from EC cells in the mucosa of rabbit ileum. The
BDD microelectrode was extremely stable and sensitive for measurements of both
compounds when assessed using differential pulse voltammetry (DPV) and flow
injection analysis (FIA) using amperometric detection. MEL release was detected in
the mucosa, where it is most likely from the EC cells. Mechanical stimulation of
individual villi increased 5-HT but not MEL overflow. Application of the serotonin
transporter (SERT) inhibitor, fluoxetine, elevated the 5-HT but not the MEL signal.
Differences in the amounts of the two gastrointestinal compounds released and the
mechanism of which they are released will provide insights to the physiology of the
EC cell and disease states.
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CORRELATIVE INFECTION COMPARISONS TO EPR XRROID REACTIVITY
Abstract:

The first assay of these factors was done in 1989, then again 1994 and now in
2007. One of those papers was presented at the Hungarian Diagnostic and Laboratory
World Seminar in September, 1994, in Pecs, Hungary (a major world-wide congress on
laboratory and diagnostic techniques). The 1989 paper was the basis of USA
registration of the EPFX. Eighteen years latter there was a need for a more complete
reevaluation.
This review report scrutinizes a comparison between cultured blood, skin, urine,
lymph and stool results, and SCIO Electro-Physiological-Feedback EPR reactivity.
Events display that the Xrroid has a very high interdependence to culture results, and
thus the Xrroid is very helpful in determining the electrical reactivity of the patient, and in
determining the type of infection the patient might have. The over-all correlation was
approximately 91%. The existence of many so called false positives or infections that
are subclinical makes reading difficult. This makes the SCIO profile a good
pre-diagnostic tool.

Key Words:
Xrroid, EPR (Electro-Physiological Reactivity), capacitance, inductance, QQC,
Volt-Ammetry, Polographic, culture, bacteria, fungi, worms, nematodes

Scientific History:
The process of intruder recognition and approach is a study in reactivity, EPR
reactivity to be precise. The attack on an intruder infection is not a random process, but
a process guided by photons, and EPR (see PROMORPHEUS). The study of EPR was
most popularly done on the shark EPR system of prey recognition. Nelson has reviewed
the art most specifically in the work of the EPFX/SCIO.
The human being also develops a refined sense of EPR for a wide variety of
biological functions, but none more vital than the fight against infections. The QQC
Trivector Volt-Ammetric-Polographic signature of an item. It has been proven that this
trivector signature can produce a measurable EPR response for a sophisticated
biofeedback device to measure. This is the purpose of EPFX/SCIO to measure this
phenomena.
There has been over two decades of research on this scientific medical
phenomena. This article is a review of several medical doctors case studies to further
validate and establish a current medical article on the subject of trivector provoked EPR.
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The first study was done in 1987 and published in 1989. It showed the value of
the EPR Xrroid testing as a prediagnostic system. The next study was in 1994 of a
similar nature. The 2001 study found that certain test items were less accurate. Malaria,
hepatitis, and cancer states were examples. The malaria might be related to the source
of the test items used in the QQC. Malaria not being a common item found in the
European or American environment, there might have been an inaccurate sample used.
Cancer is a failure of the reactivity system. So it would be expected to have
variant effects in EPR detection. Hepatitis is detectable by the EPR Xrroid, but the
ascertaining of which type A,B,C,D, or E is not as accurate. This might be a sample
problem as well or there may be a masking complication in the EPR system.
In this study the main test compounds are bacteria, fungus and worms. Items
that appear commonly in a European clinic.
INTRO:
It is well known that when an infection occurs in the body, the white blood cells
are the primary defense of the body. The White Blood Cells( WBC) try to deal with the
infection. If the infection is treated with in a positive, natural manner, then the body will
be able to attack and disable the infection and bring it under control. EPR is the start of
the process of recognition, immuno-defense, detox, recovery, and homeostasis.
It must be pointed out that bacteria and fungi abound in the body, but it has been
determined that they are infectious when their levels become pathogenic, and cause
risk to the organism. Minute levels of these organisms are not of concern, and are
managed easily by the body. It is only when these levels excel to high proportions that
the body is unable to control them. The higher the level of infectious condition in an
alarm state the higher the EPR. Once the infection has gone into an adaptation stage
(Selye Stress Stages), the EPR can lower in some cases. But mostly the EPR is a
correlate of the amount of pathologic intruder.
In our description of Selye medicine, we see that when the first stressor attacks
the body (such as the exposure to the microorganism), this initiates an alarm stage.
During the alarm stage the body reacts in a hypersensitive way; a sore throat, a skin
irritation, or some disturbance in the bowel or other area can provoke this type of initial
reaction. The alarm stage is filled with symptoms and highlighted by many different
concerns which the patient will present in the doctor's office.
Next we have the adaptation stage. During this stage the body tries to deal with
the initial stressor in a positive way. If the body deals with this stressor positively, then
the adaptation stage is said to be successful, and gradually the body brings this stressor
under control. If the adaptation stage is not successful, then the body must attempt to
adapt to this pathogen in its ever-accelerating quantities.
If the pathogen continues to grow or to do harm to the body, then eventually an
exhaustion stage will kick in, where the organism or the organs of the system may go
into failure.
SELYE STRESS STAGES
1. Alarm Stage: mostly symptomatic as the symptom is designed to alert the body as to
a problem. The symptom can be a sign of detox, reactivity, warning of pushing to hard,
3

warning of misc. kinds, intruder alert, allergy, excess stress or stressors, mental
reactivity, or other.
2. Adaptation Stage: the alarm is heeded or unheeded, the system adapts to the
stressor. The system has exhausted it’s warning bell and decides to spend it’s energy
elsewhere.
3. Exhaustion Stage: the stressor has put such stress on the organism that first there is
Functional disorder, then Organic disorder.
4. Death: the overburden system first has cellular death, organ death, organ system
death, then organism death.
During the adaptation stage, if the organism is unsuccessful at adapting or
dismissing the stressor. Then we believe that the parts of the immune system, or
reticuloendothelial system of the body, will be in a state of continued exhaustion, and
will be unable to remove correctly to the microorganism intruder. This means that the
organism must be in a state of attack, and must try to drive its reticuloendothelial
components, such as the white blood cell, towards the infection.
To do this, an electrical phenomenon must occur. This electrical phenomenon
would be reflected in the electrical reactivity of the system, because if the patient has a
candida infection that is not being dealt with properly in the adaptation stage, then the
patient will electrically react to an exposure to candida at a higher rate. This is the
hypersensitivity of the medication testing phenomenon according to Vol, and an
explanation through the Selye adaptation phase, which allows us to understand why the
electrical reactivity is greater.
In our research we have discussed the medication testing phase of Vol, and how
this testing can allow us to see a patient's electrical reactions to the field of a
microorganism or homeopathic. Thus a homeopathic, vitamin or mineral that might help
the patient also might produce a change in the field. This would produce a change more
towards normalization of the field, as the patient's body would want to show that this is a
correct remedy to use.
Our purpose is to understand this phenomenon through the development of the
electrical reactivity work we have done. The Xrroid takes in scores of capacitance,
inductance, resistance, voltage, amperage, etc., and converts them into an electrical
reactivity score on thousands of items.
In this study the patients were determined from culture testing to have
pathogenic microorganism infections. These infections were of the type of urinary
bacterial cases, pseudomonas, E.coli, staphylococcus or streptococcus, etc. They were
discovered from systemic infections, throat cultures, vaginal cultures, blood cultures for
fungus (including the entire candida family), cryptococcus and blastomycoses.
Blastomycoses was indicated from stool analysis, as well. Vermiform and other
intestinal parasites are analyzed.
Four hundred and thirty five patient files of SCIO test results were analyzed. The
culture or support diagnostic test was then performed in the medical office, which then
proved undeniably that the infection existed in these patients. These patients were then
examined by the Xrroid to judge their electrical reactivity to the infectious agents.
4

Results:
Correlation between the infection and the Xrroid results came out at ninety-one
percent correlation, showing that the Xrroid is indeed accurate in predicting the
existence of a pathogenic organism that could be cultured in the human body.
These results will help us to further understand the idea of electrical reactivity
and medication testing, and the phenomenon of the Xrroid electrical reactivity test.
The scores of the Xrroid are based on the statistical significance. If the score is 3
standard deviations from the mean the color is red. If 2 standard deviations from the
mean the color is lilac. If 1 standard deviations from the mean the color is yellow. The
blue scores are insignificant.
The 2007, 435 patients in a medical practice were all determined to have definite
infections. The type of infection was then looked up in their SCIO records. The Standard
deviations from the mean were then listed.
81 patients were 3 or red
216 patients were 2 or lilac
107 patients were 1or yellow
31 patients were 0 or blue
There was a rather equal distribution of scores for various diseases. No disease
stood out over another. The over all accuracy of the device for detecting infections is
91%. The fact that there is over 900 items of significance in a typical test makes finding
the exact primary infection difficult. So the device can not be used as a primary
diagnosis but as a secondary or pre-diagnostic device.
Discussion:
The original story of this paper was performed in 1987 and published in the
AAQBT journal in 1989. The article showed the use of the QQC tested items in the EPR
Xrroid system as a base of the science. Next a more developed article was published in
1994 and presented at the Hungarian Diagnostic and Laboratory World Seminar in
September, 1994, in Pcs, Hungary (a major world-wide congress on laboratory and
diagnostic techniques). An article on the same subject was published in 2001. And this
2007 article represents a full two decades of the science. with over 25,000 SCIO type
devices sold and used on millions of millions of patients, it is time the medical
community take a look at the technology.
As we have seen, the Xrroid was able to pick the electrical reactivity of patients
who had pathological levels of an organism.
Thus the Xrroid, which is a simple test of electrical reactivity that can be
performed in any doctor's office, might be a good preliminary test to help the doctor
develop hypotheses of the patient's problems.
As we have pointed out in other research, the Xrroid also has a strong correlation
in mineral analysis, chromosomes, infections (in this study), vitamins, minerals, and
other measures of electrical reactivity. Thus the Xrroid becomes a very good system to
allow us to assay the patient's initial physical health. We can then find various ways to
5

help him, using simple interventions in a prevention mode, such as Homeopathics,
nutrition, and lifestyle and behavioral changes.
In developing a system of prevention medicine, we need some simple,
inexpensive ways to determine whether the patient is at risk of a disease or infection.
The Xrroid is very helpful in developing such a system, as it can pick up the initial
electrical reactivity sometimes even far before the pathological level of the
microorganism is reached. Then the system can properly deal with these items in a
more positive fashion, if intervention is early enough.
The system of antibiotics that modern medicine has used for years is a system of
crisis-oriented medicine, in which the organism is not treated until pathogen levels are
high. This is indeed the phenomenon of antibiotic or allopathic medicine. Because of the
harshness of synthetic chemicals, which have dramatic side effects, the doctor must be
absolutely sure that the level of the microorganism is definitely threatening the patient
before he prescribes these chemicals.
As an earlier but simpler intervention system, the Xrroid can help provide
indication which can gear the doctor towards using a simple homeopathic, vitamin,
mineral, or simple behavioral techniques to prevent the pathogen from increasing its
numbers. Thus in developing such a system of medicine, we definitely need an early
warning device, for which the Xrroid has been designed.
Certain patients have high levels of a microorganism that they might have
ignored for months or years. In this type of case, if it is extreme and the
reticuloendothelial system cannot be pushed, perhaps the use of these harsh antibiotics
should be resorted to. But as we've seen in many tests, antibiotics are currently
overused in the medical profession.
Simple homeopathics, as we have shown in our other studies, can be used to
help turn these infections around in a quick and easy way. A new type of medicine
can be developed based on early warning signs and simple behavioral, nutritional
and natural treatment.
Interviews with clinicians who have used the SCIO device for years has
produced a overall satisfaction of the accuracy of the SCIO in detecting infections.
The over all precision of the SCIO for spotting infections is 91% in this
review. The circumstance that there is over 900 items of significance in a common
Xrroid scan creates spotting the precise major infection formidable The existence
of many so called false positives or infections that are subclinical makes reading
difficult. So the SCIO can not be used as a preeminent diagnosis but as a
complementary or pre-diagnostic device.
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Cyclic voltammetry study of glucose and insulin interactions with
supported lipid membrane
Laputková G, Sabo J.
Department of Medical Biophysics, Medical Faculty, University of P.J. Safárik,
Trieda SNP 1, 040 66, Kosice, Slovak Republic.
The effect of D-glucose and insulin on conducting properties of supported bilayer
lipid membranes (s-BLM) modified by anthraquinone-2-sulphonic acid (AQS) at
the presence of potassium ferricyanide was studied by means of cyclic voltammetry
(CV). Both the oxidation and the reduction current peaks were found to decrease at
the presence of glucose in concentration range varying from 10 to 320 mM. The
influence of insulin on membrane properties is ambiguous. While the pretreatment
of membrane with 20 mU l(-1) of insulin evoked slight increase of the current with
unchanged course of the dependence of peak current on glucose, the decrease of
conductance was observed above 10(5) mU l(-1) of insulin.
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Determination of melatonin in galenic preparations by LC and
voltammetry.
Raggi MA, Bugamelli F, Pucci V.
Department of Pharmaceutical Sciences, University of Bologna, Via Belmeloro 6,
40126 Bologna, Italy. raggima@alma.unibo.it
The amount of melatonin in galenic tablets was determined by means of two
feasible and accurate analytical methods. The high performance liquid
chromatography (HPLC) with ultraviolet detection at 223 nm used a C(18)
reversed-phase column; the linear scan voltammetric procedure (LSV) employs a
pH 3.0 phosphate buffer as the supporting electrolyte for the oxidation process of
melatonin, which has a current intensity maximum at +850 mV. The two methods
gave satisfactory results in terms of precision and accuracy. In fact, the data of
repeatability and intermediate precision expressed as percentage relative standard
deviations (RSD%) were < or =2.8 and the accuracy values, resulting from recovery
experiments, were between 99.0 and 101.3%. Both methods are suitable for quality
control of melatonin in galenic preparations; the LSV procedure is more rapid, the
HPLC method is more sensitive and more precise.
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SUMMARY Vertebrates have evolved electrosensory
receptors that detect electrical stimuli on the surface of the
skin and transmit them somatotopically to the brain. In
chondrichthyans, the electrosensory system is composed of
a cephalic network of ampullary organs, known as the
ampullae of Lorenzini, that can detect extremely weak
electric fields during hunting and navigation. Each ampullary
organ consists of a gel-filled epidermal pit containing sensory
hair cells, and synaptic connections with primary afferent
neurons at the base of the pit that facilitate detection of voltage
gradients over large regions of the body. The developmental
origin of electroreceptors and the mechanisms that determine
their spatial arrangement in the vertebrate head are not well
understood. We have analyzed electroreceptor development
in the lesser spotted catshark (Scyliorhinus canicula) and

show that Sox8 and HNK1, two markers of the neural crest
lineage, selectively mark sensory cells in ampullary organs.
This represents the first evidence that the neural crest gives
rise to electrosensory cells. We also show that pathfinding by
cephalic mechanosensory and electrosensory axons follows
the expression pattern of EphA4, a well-known guidance cue
for axons and neural crest cells in osteichthyans. Expression
of EphrinB2, which encodes a ligand for EphA4, marks
the positions at which ampullary placodes are initiated in
the epidermis, and EphA4 is expressed in surrounding
mesenchyme. These results suggest that Eph–Ephrin
signaling may establish an early molecular map for neural
crest migration, axon guidance and placodal morphogenesis
during development of the shark electrosensory system.

INTRODUCTION

potential generated by buried prey and to navigate relative to
the earth’s geomagnetic ﬁeld (Fig. 1; Kalmijn 1966; Heiligenberg 1993; Klimley 1993; von der Emde 1998). The ampullae of Lorenzini were ﬁrst described in 1678, however both
the phylogenetic and developmental origins of these organs
have remained unclear (Heiligenberg 1993; Fishelson and
Baranes 1998; von der Emde 1998).
Electroreceptive ampullary organs share functional and
structural properties with mechanosensory organs of the lateral line; both contain hair cell integumental receptors that
extend into a ﬂuid-ﬁlled lumen, have nerve projections to
brain stem medullary nuclei, and process inputs through the
nuclei of the lateral lemniscus (Northcutt 1992; Conley and
Bodznick 1994; Northcutt et al. 1995; Fritzsch et al. 1998).
Moreover, mechanosensory and electrosensory organs play
similar roles in many behavioral tasks such as prey capture,
navigation and communication (Hodos and Butler 1997;
Coombs et al. 2002). Differences exist, however, in the spatial
distribution of mechanoreceptors and electroreceptors; mechanosensory organs are organized in tracts on the head and
trunk, whereas electrosensory organs are organized in clusters
and are generally restricted to the head (Schellart and
Wubbels 1998; von der Emde 1998).

Vertebrates have evolved a complex network of sensory organs to detect mechanical and electrical stimuli in their environment. The mechanosensory octavolateral system is
comprised of auditory, equilibrium, and lateral line components that detect mechanical vibrations through mechanoreceptive neuromasts. The electrosensory system is used to
detect weak electric signals in the aquatic environment (von
der Emde 1998). Ampulla-shaped electroreceptor organs containing hair cells with cilia that can be excited by cathodal
stimulation is a characteristic of crown gnathostomes (Fig. 1;
Andres and von During 1988; Koyama et al. 1993; Northcutt
and Bleckmann 1993; Gibbs 2004). Electroreception is absent
in living myxinoids (hagﬁshes), however lampreys have nonampullary electrosensory organs (Ronan and Bodznick 1986).
This sense has been lost in most amniotes and neopterygians,
and may have re-evolved twice in teleosts (Fig. 1; Bullock
1982; Bullock et al. 1983; Koyama et al. 1993; Gibbs 2004).
Chondrichthyans are the most basal lineage of crown gnathostomes to develop a highly specialized network of ampullary organs, known as the ampullae of Lorenzini. These
electrosensory organs allow chondrichthyans to detect voltage
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Developmentally, mechanoreceptive neuromasts and electroreceptive ampullary organs have been suggested to arise
strictly from epidermal placodes in amphibians (Northcutt et
al. 1995). However, cell lineage studies have shown that mechanoreceptor development in amphibians and teleosts also
involves neural crest cells, which have been fate-mapped to
lateral line neuromasts (Collazo et al. 1994). These cell lineage
relationships have been conserved during mechanoreceptor
evolution, as neural crest cells also give rise to melanocytes
that contribute to the ﬁsh macula and to the lining of mammalian cochleae (stria vascularis), within which sensory hair
cells detect mechanical stimuli in the ear (Torres and Giraldez
1998; Whitﬁeld 2002). Morphogenesis of electroreceptive organs is somewhat less well understood (Gibbs 2004), and this
represents a important gap in our understanding of the evolution of sensory system development.
We have investigated cephalic laterosensory system development using a variety of molecular markers in the catshark
(Scyliorhinus canicula), the ampullary organs of which retain
many plesiomorphic features (Fig. 1). Here we report that
neural crest cells contribute to formation of electroreceptors,
highlighting a new developmental fate of the neural crest.
Given that neural crest cells participate in the formation of
electroreceptors, normal development of the ampullary network must depend upon coordinated pathﬁnding by neural
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crest cells and the sensory axons that innervate ampullary
organs. Members of the Eph class of receptor tyrosine kinases
and their ligands, Ephrins, have been implicated in the regulation of both neural crest cell migration and axon guidance
in a number of developmental contexts (Gale et al. 1996;
Kullander and Klein 2002) and are therefore good candidates
for coordinating morphogenesis of the composite electrosensory system. Consistent with this hypothesis, we ﬁnd that axons of the mechanosensory and electrosensory system
navigate along pre-established tracts of EphA4 expression.
In addition, we report that ampullary placodes express
EphrinB2, and the periodicity of these organs corresponds
to focal gaps in the EphA4-expressing domain. Taken together, these ﬁndings suggest that Eph–Ephrin signaling may establish an early molecular map of the cephalic laterosensory
system during the development of the shark head.

MATERIALS AND METHODS
Collection and staging of embryos
S. canicula eggs were collected from the Menai Strait (North Wales).
Embryos were isolated from egg cases and dissected from the yolk
sac in ice-cold phosphate-buﬀered saline (PBS). The specimens were
staged according to Ballard et al. (1993), before being frozen in
liquid nitrogen for RNA extraction with Tri-Reagent (Sigma, St.
Louis, MO, USA) or ﬁxed and processed as described below.

Isolation of catshark genes
Degenerate RT-PCR reactions were performed to amplify fragments of Sox8 (673 bp) and EphrinB2 (595 bp) from a S. canicula
cDNA library. PCR products were cloned into pDrive vector
(Qiagen, Valencia, CA, USA) and sequenced in both directions.
Sequence identity was determined by Blast (NCBI) searches, protein alignments (ClustalX), (Thompson et al. 1997) and molecular
phylogenetics using both neighbor joining (MEGA3; Kumar et al.
2004) and maximum likelihood (TreePuzzle; Schmidt et al. 2002).
The EphA4 clone was described previously (Freitas and Cohn
2004). The new sequence data have been submitted to GenBank
(Accession numbers: DQ190443-DQ190442).

Whole-mount in situ hybridization and immunochemistry

Fig. 1. Phylogenetic distribution of electroreception in craniates.
Numbers on tree refer to the following: (1) electroreception as
characterized by hair cell receptors with cathodal stimulation, lateral line afferents, and central processing via the lateral lemniscus;
(2) ampullary organs with hair cells bearing an apical kinocilium;
(3) absence of electroreception in amniotes with the exception of
monotremes with trigeminal nerve electrosensory system; (4) absence of electroreception in teleosts with the exception Mormyriformes, Siluriformes, and Gymnotiformes with lateral line nerve
electrosensory systems, hair cells with apical microvilli, and anodal
stimulation. CZ, Cenozoic; MZ, Mesozoic; PZ, Palaeozoic; Ma,
millions of years ago. Phylogeny and dates after Bullock (1982),
Donoghue and Smith (2003) and Janvier (1996).

Whole-mount in situ hybridization was performed in catshark embryos during early development of the cephalic laterosensory system (stages 30–32) using digoxigenin-labeled riboprobes for EphA4,
EphrinB2 and Sox8. Embryos were processed for in situ hybridization as described in Freitas and Cohn (2004); however, for stage
32 embryos, the hydrogen peroxide treatment was increased to 2 h
and the proteinase K to 40 min. Immunochemistry also was performed as described in Freitas and Cohn (2004). Primary antibodies 3A10 and HNK1 were used at concentrations of 1:500 and 1:70,
respectively, and peroxidase-conjugated secondary antibodies were
used at concentration of 1:500.

Frozen sections of whole-mount embryos
After in situ hybridization or immunochemistry, embryos were
equilibrated in graded sucrose (15%, 30%) at 41C and graded

76

EVOLUTION & DEVELOPMENT

Vol. 8, No. 1, January^February 2006

gelatine (20% gelatine in 30% sucrose, followed by 20% gelatine)
at 501C. The specimens were then frozen on dry ice and mounted
in TissueTek OCT (Torrence, CA, USA) for cryosectioning
(15–20 mm).

RESULTS

Neural crest cells contribute to shark
electroreceptors and mechanoreceptors
In the catshark S. canicula, the ampullae of Lorenzini surround three mechanosensory tracts, the supraorbital, infra-

orbital, and preopercular–mandibular canals (Fig. 2A and AlZahaby et al. 1996). The primordia of the ampullary organs
develop as epidermal placodes between stages 31 and 32 (Fig.
2B(1)). These cells form rosette-shaped structures (Fig. 2B(2))
that then invaginate to give rise to the ampullary vesicles (Fig.
2B(3)). By stage 34, each ampulla forms an elongated tube
that connects the surface of the skin to a basal cluster of
electrosensory hair cells (Fig. 2B(4)). Morphogenesis of catshark electroreceptors bears a striking resemblance to mechanoreceptor development (Gibbs and Northcutt 2004).
Based on these similarities, and evidence that neural crest cells

Fig. 2. Neural crest cells contribute to electrosensory and mechanosensory organs in the catshark head. Mechanosensory tracts are supraorbital canal (so), infraorbital canal (io), preopercular–mandibular canal (pm). (A) Scanning electron micrograph of a catshark face,
ventral view, at stage 32. Mechanosensory tracts are pseudocolored on the left side of the rostrum in blue (so), pink (io), and green (pm).
Nasal pit is indicated by np. Asterisks indicate four clusters of ampullary organs on ventral right side of the rostrum. (B) Schematic
representation of four stages of ampullary organ development. (C) Sox8 expression in mechanosensory tracts (so, io) and electrosensory
ampullary organs (arrows). (D) Immunolocalization of neural crest cell marker HNK1 in mechanosensory neuromasts (so, io) and electrosensory ampullary organs (arrows). (E–K) Histological sections showing distribution of Sox8 (E, G, I, K) and HNK1 (F, H, J) during
development of ampullary organs. (E, F) Cells positive for HNK1 and Sox8 were detected in the apical layer of the ampullary placode. (G,
H) HNK1 and Sox8 persisted in the apical cells of the placodal rosettes. (I, J). During formation of ampullary vesicles, HNK1 and Sox8
were detected in cells lining the ampullary lumen. (K) Sox8 expression in the sensory layer of the early ampulla.
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participate in mechanoreceptor development in at least two
osteichthyans (Collazo et al. 1994), we hypothesized that
electroreceptors also may have a dual embryonic origin in the
neural crest and epidermal placodes. We tested this hypothesis
by examining the neural crest contribution during development of catshark electrosensory system using two molecular
markers. The SRY-related gene Sox8 marks neural crest cell
derivatives (McKeown et al. 2005) and the monoclonal antibody HNK1 is a well-characterized marker of neural crest
cells in a broad range of species, including sharks (Tucker et
al. 1988; Epperlein et al. 1990; Sadaghiani and Vielkind 1990;
Kuratani and Horigome 2000). We detected Sox8 and
HNK1-positive cells in both mechanosensory and electrosensory placodes at stage 32 (Fig. 2, C and D). Histological
analysis over the course of ampullary organ development revealed that Sox8 and HNK1 positive cells were positioned
initially at the apical region of the early placode (Fig. 2, E and
F) and expression of both markers persisted apically as the
placode thickened to form a rosette (Fig. 2, G and H). During
invagination of the ampullary vesicle, Sox8 and HNK1 were
detected along the lining of the lumen (Fig. 2, I and J), and
Sox8 expression was localized to sensory cells in the early
ampulla (Fig. 2K). The dynamics of Sox8 and HNK1 expression during ampullary placode morphogenesis suggest
that neural crest-derived hair cell progenitors are transported
from the epidermal surface to the base of the ampullary
lumen during placodal invagination (Fig. 2B). These data
provide the ﬁrst evidence for neural crest involvement in
electrosensory organogenesis.

Mechanosensory tract development follows the
spatiotemporal pattern of EphA4 expression
Although formation of mechanosensory epidermal placodes
has been described in chondrichthyans and osteichthyans
(Johnson 1917; Northcutt et al. 1995; Gibbs and Northcutt
2004), the question of how neural crest cells and axons are
guided to specific topographic positions within the laterosensory ﬁelds remains unknown. Our ﬁnding that neural
crest cells participate in shark laterosensory organogenesis
suggested that development of this organ system may be
coordinated by a signal capable of guiding both neural crest
cells and sensory axons, which led us to examine expression
of EphA4. As the cephalic laterosensory tracts were being
laid down at stage 30, we observed mechanosensory axons
growing along narrow, intense bands of EphA4 expression
(Fig. 3, A and B). Both infraorbital and supraorbital sensory axons were observed extending towards the rostral
limits of EphA4 expression domains around the nasal
capsule (Fig. 3, A and B). Similarly, in the preopercularmandibular tract, mechanosensory axons migrated towards
the EphA4 domains at the tip of each pharyngeal arch
(Fig. 3, A and B). Thus, the laterosensory nerve tracts

Fig. 3. Electrosensory and mechanosensory development follows
the patterns of EphA4 expression in the catshark head. Ventral
views of the face, anterior is to top. Mechanosensory tracts are
labelled (so, io, pm). (A) EphA4 expression in mechanosensory
tracts at stage 30. (B) Immunolocalization of 3A10 showing the
distribution of mechanosensory nerves at stage 30. (C) EphA4 expression has expanded into the prospective electrosensory network
by stage 32 (arrows). (D) Immunolocalization of 3A10 shows innervation of the ampullary ﬁelds at stage 32 (arrows).

expand through the head following pre-established domains
of EphA4 expression.

EphA4 and EphrinB2 expression in the ampullary
fields mark the sites of electroreceptor
development
Mechanosensory tracts branched into electrosensory ampullary ﬁelds at stage 32, following the expansion of EphA4

78

EVOLUTION & DEVELOPMENT

Vol. 8, No. 1, January^February 2006

Fig. 4. EphA4 and EphrinB2 are expressed in complementary patterns during ampullary organ development. The rostral ampullary ﬁeld (A,
B) and individual ampullary placodes (C–F) shown at different developmental phases in a stage 32 embryo. (A) EphA4 expression in the
ampullary ﬁeld medial to the supraorbital canal (so). Asterisks indicate absence of EphA4 expression at sites of ampulla formation. (B)
EphrinB2 expression in the ampullary placodes (arrows) medial to the supraorbital canal. Note complementary expression of EphA4 and
EphrinB2 in (A) and (B). (C–F) Histological sections showing EphA4 expression in the mesenchyme around the ampullary placode (C, E),
and EphrinB2 expression within the epidermal cells (D, F) at the placode and vesicle stages of ampulla development. (G) Schematic
representation summarizing gene expression at three stages of ampullary organ development.

expression domains (Fig. 3, C and D). These new sites of
EphA4 expression marked each group of ampullary organs
(Fig. 3, C and D). Interestingly, within each group, we observed regularly spaced gaps in the EphA4 domain (Figs 3C
and 4A). A comparison with EphrinB2 expression at this stage
indicated that EphrinB2 was restricted to epidermal cells
within these gaps (Fig. 4, A and B). Histological analysis
conﬁrmed that each localized spot of EphrinB2 expression
marked an ampullary placode (Fig. 4D), which was surrounded by mesenchyme that expressed EphA4 (Fig. 4C).
These mutually exclusive domains of expression were maintained as the ampullary placode invaginated into the underlying mesenchyme to form a vesicle (Fig. 4, E and F). Thus,
EphrinB2 and EphA4 are expressed in a complementary pattern in the ampullary placode and adjacent mesenchyme, respectively, during ampullary organ development (Fig. 4G).

DISCUSSION
The origin of vertebrates was marked by the emergence of the
neural crest. The multipotency of neural crest cells facilitated
the evolution of numerous craniofacial innovations (Shimeld
and Holland 2000). In this study, we have presented the ﬁrst
direct evidence that neural crest cells contribute to electrosensory organogenesis, highlighting a novel developmental
potential for these cells. We also found that mechanosensory
neuromasts of sharks express neural crest markers, consistent
with the cell lineage studies of Collazo et al. (1994), who
provided the ﬁrst demonstration that the neural crest gives

rise to hair cells of the lateral line neuromasts in teleosts and
amphibians. Thus, neural crest cell involvement in laterosensory organ development may be a plesiomorphic condition
for jawed vertebrates. Given that lampreys also have mechanoreceptors and electroreceptors, it is possible that the
neural crest involvement in development of these organs maps
to a node deeper than Gnathostomata (Fig. 1). However,
significant structural differences exist between lamprey and
gnathostome electroreceptors; the peripheral electrosensory
system of adult lampreys consists of small swellings called
‘‘end buds’’ rather than ampullary organs, which are innervated by axons of the laterosensory system (Ronan and
Bodznick 1986). Moreover, unlike the electrosensory and
mechanosensory organs of gnathostomes, lamprey hair cells
possess apical microvilli, instead of cilia. Whether these structural differences reﬂect differences in cell lineage will require
further studies of laterosensory organogenesis in lampreys.
During shark laterosensory development, EphA4 expression marks the ampullary ﬁelds, and placode development
within these ﬁelds is restricted to localized domains in which
EphA4 is absent. Given that EphA4 directs neural crest migration by repulsion from EphA4-positive domains (Kullander and Klein 2002), this may result in the guidance of
neural crest cells to EphA4-negative sites for ampullary organogenesis. We also ﬁnd that EphrinB2 is expressed in
ampullary placodes. This was somewhat unexpected, as
EphrinB2 has been shown to repel neural crest in other contexts (Krull et al. 1997). Nonetheless, the complementary expression patterns of EphrinB2 and EphA4 were strikingly
similar to that found in the mammalian cochlea, where they
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have been suggested to mediate bidirectional signaling between different cell layers and to maintain cell segregation
(Pickles et al. 2002; Pickles 2003).
Our ﬁnding that the rostral spread of the EphA4 expression domain preﬁgures the routes taken by mechanosensory
and electrosensory axons is reminiscent of mouse ear innervation, in which EphA4 is expressed in the cells lining the
auditory nerve pathway, where it directs axons to the cochlea
(Pickles 2003). If this function is conserved in the shark laterosensory system, then EphA4 may be involved in guidance
of sensory axons to electroreceptors and mechanoreceptors.
Indeed, absence of EphA4 expression from ampullary placodes may also relate to the termination of growth cones at
these positions. This may be important for both function and
development of electroreceptors, as it has been suggested that
the arrival of nerve ﬁbers may induce formation of electroreceptive organs (although it is also possible that the placodes
attract axons; Fritzsch et al. 1998).
Expression of EphA4 in the shark laterosensory system
may represent a deeply conserved mechanism for establishing
topographic maps of peripheral sensory inputs in vertebrates.
In the mouse, EphA4 and EphrinA5 regulate development of
the somatotopic map of projections from sensory whiskers to
the barrel ﬁelds on the cortex (Vanderhaeghen et al. 2000).
EphA4 has been shown to regulate thalamocortical projections, as well as the topographic projections of motor neurons
from the spinal cord to the limb (Eberhart et al. 2000, 2002).
Similar spatial patterning occurs in the auditory system,
where topographic projections originating from the cochlea
project to the nucleus magnocellularis, which in turn, innervates the nucleus laminaris in the brain to form a tonotopic
map of high- to low-frequency sounds. Interestingly, EphA4 is
expressed in a tonotopic gradient at the time when nucleus
magnocellularis axons are forming synapses on the nucleus
laminaris (Person et al. 2004). The association between expression of EphA4 and development of the shark electrosensory system suggests that EphA4 could play a role in
establishing the topographic relationships between peripheral electroreceptors and their primary central targets. Regulation of EphA4 expression during development of the cephalic
electrosensory system would therefore underlie how sharks
localize the position of electrical stimuli relative to their spatial
map of the body. This hypothesis is consistent with EphA4
playing a general role in the establishment of topographic
maps during vertebrate embryogenesis (Vanderhaeghen et al.
2000; Yue et al. 2002; Dufour et al. 2003; Person et al. 2004).
Taken together, the above results reveal a novel role for
neural crest cells in the development of electroreception, and
suggest that EphA4–EphrinB2 signaling may coordinate both
electroreceptor and mechanoreceptor development in sharks
by establishing an early molecular map for neural crest cells,
sensory axons, and placodal morphogenesis. These ﬁndings
highlight an underlying conservation of Eph–Ephrin expres-

Developmental origin of shark electrosensory organs

79

sion during the evolutionary diversiﬁcation of vertebrate sensory systems.
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Differential pulse adsorptive stripping voltammetry of osmium-modified
peptides
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Complexes of osmium tetroxide with nitrogen ligands were developed and used in
our laboratory as probes of the DNA structure. Here, we show that the complex of
osmium tetroxide with 2,2'-bipyridine (Os,bipy) can be used for modification and
electrochemical detection of proteins at neutral pH. Salmon luteinizing hormone
(SLH) containing two tryptophan (Trp) residues and human luteinizing hormone
(HLH) containing one Trp were modified by Os,bipy and measured by differential
pulse adsorptive stripping voltammetry (DPAdSV) at a hanging mercury drop
electrode (HMDE). The intensity of the DPAdSV catalytic signals corresponded to
the number of Trp residues in the peptide molecule. Decreasing pH of the
background electrolyte from 6.6 to 3.8 led to the increase of DPAdSV signals,
suggesting that at pH 3.8, the DPAdSV detection limit might be well below 1
ng/ml. Our results suggest that Os,bipy is potentially useful for chemical
modification of proteins.
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Discrepancies in quantum electro-dynamics
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Abstract
Experimental tests of quantum electro-dynamics (QED) have developed dramatically for simple atomic systems such
as hydrogen. However, a range of anomalies has been discovered recently. There has also been signiﬁcant progress for
medium-Z hydrogenic and helium-like atoms. In this area tests are often based on X-ray spectroscopic measurements.
Future prospects for critical insight into the nature and convergence of QED in multi-electron systems will be discussed.
r 2004 Elsevier Ltd. All rights reserved.
Keywords: Quantum electrodynamics; Helium-like atoms; Hydrogenic atoms

1. Introduction: background
There has been extensive and widespread interest in
testing atomic physics in simple systems recently. Of
course, this interest lay behind the discovery of the
Lyman and Balmer series in hydrogen a hundred years
ago, and was the origin of the early understanding of
atomic structure and the Bohr model. Further, it was the
anomaly in the Bohr predictions of the discrete energy
levels in hydrogen which led to (relativistic) quantum
mechanics and the Dirac equation for the electron in a
bound atomic orbit; and it was the anomaly of the Lamb
shift in the non-degeneracy of the 2s and 2p sub-shell
energy levels, also in hydrogen, in the Lamb and
Rutherford experiment, which led to the conﬁrmation
of quantum electro-dynamics (QED) as an applied
quantum ﬁeld theory of the interaction between light
and charge.
QED is the ﬁrst quantiﬁable result of second
quantization. In ﬁrst quantization, the Bohr model was
able to interpret hydrogen Lyman and Balmer series
spectra as transitions between quantized electron orbitals and the corresponding quantized energy levels of
those atomic systems. With quantum mechanics in
*Fax: +61-3-9347-4783.
E-mail address: chantler@ph.unimelb.edu.au
(C.T. Chantler).

1925–26, this was seen as conserved angular momenta
and conserved energies for a particular stable eigenfunction, which corresponded to particular quantum numbers of the electronic wavefunctions. Within 2 years
Dirac had redeveloped this to provide relativistic
quantum mechanics for a spin-1/2 particle—the electron
orbiting the nucleus of a hydrogenic system. However,
the Lamb and Rutherford experiments of 1950–52
demonstrated that this understanding was not sufﬁcient
to explain the spectroscopic structure observed, even for
hydrogen.

2. Zero-point energies
As Feynman observed, it is necessary also to consider
the radiation ﬁeld (and not just the electronic and
nuclear orbits) as a quantized system, so that in any
particular system there may be, e.g. one nucleus, one
electron and, one or two photons (of a certain energy).
This second quantization implied that even in the
presence of zero real photons (i.e. even in a vacuum
state) there would be a zero-point energy just like the
energy 1=2ð_oÞ of a simple harmonic oscillator in the
ground state. This vacuum state energy corresponded to
a root-mean-square electric ﬁeld, carried by (virtual)
photons interacting for a time limited by the uncertainty
principle. These ﬁelds cause oscillations in the isolated

0969-806X/$ - see front matter r 2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.radphyschem.2004.04.032

ARTICLE IN PRESS
612

C.T. Chantler / Radiation Physics and Chemistry 71 (2004) 611–617

system given by the Dirac equation, and hence smear the
charge distribution of the electron as it moves around
the nucleus. This smearing can be imagined as a
convolution of the original orbit with a symmetric
Gaussian shift of the radius of any part of the electron
wavefunction. For p states, which have zero amplitude
at the nucleus, this broadening on a smooth potential of
locally constant slope might be seen to give no average
effect (the potential increases to higher radius, but
decreases to lower radius, so for a symmetric broadening
the shift of energy levels is zero to ﬁrst order). However,
for s states the ﬁnite amplitude of the electron
wavefunction at the nucleus is caused to oscillate only
to higher radius (in any direction), so that the energies of
s states are raised by the electron self-energy arising
from quantum electrodynamics. Hence the two states 2s
and 2p, which were degenerate in Dirac theory, are nondegenerate in QED. Additional terms including vacuum
polarization diagrams were seen to also contribute to the
overall energies, transition rates, and gyromagnetic
ratios of the bound electrons, and QED developed
rapidly.

3. Difﬁculties of QED calculations
There are particular theoretical difﬁculties with any
quantum ﬁeld theory. Unlike the Dirac equation, QED
has no ﬁnite closed form, even for the simplest bound
state of a single hydrogen atom. Each system involves
the calculation of energy shifts due to any number of
virtual (quantized) photons of any energy—an inﬁnite
series of Feynman diagrams. This series in a=p is
asymptotically divergent, and the calculation of sufﬁcient orders to consider the limitation of this exceeds
current computational power. For multi-electron atoms
there is an additional series expansion in 1=Z: Each
Feynman diagram represents an inﬁnite series of terms
with higher orders of charge density rpðZaÞ3 U It is not
analytic for low Z: Even individual terms in this
approach yield inﬁnite results, and renormalisation
and regularisation are required to yield a ﬁnite result
in order to compare theory with experiment.

4. Experimental agreements in classic tests on hydrogen
and helium
Despite these confronting mathematical difﬁculties,
even within a couple of years of the development of
QED (1953), the experimental and theoretical Lamb
shifts for the hydrogen 2s–2p transition of a mere
0.0359 cm1 were in agreement to four signiﬁcant
ﬁgures.
Work has continued to concentrate on hydrogen
itself, where in recent work at the Max Planck Institute

for Quantum Optics, Theodor Hänsch and colleagues
have measured the ultraviolet transition frequency
between the 1s and 2s states of atomic hydrogen to be
2.466 061 413 187 103 (46)  1015 Hz—an accuracy of 15
signiﬁcant ﬁgures (Niering et al., 2000)! This measurement proves QED as the best tested theory in nature
(with general relativity), accurate to one part in 1014. As
the authors have stated, ‘It’s so accurate that simply
repeating the measurement a year from now would
provide a better and more direct veriﬁcation (or
falsiﬁcation) of the constancy of the ﬁne-structure
constant over cosmological time than any astrophysical
data we have.’ Consequently, major goals have related
to the possible temporal dependence of the ﬁne structure
constant and the speed of light, and the size of the
proton radius.
The very success of this is a demonstration of the
predictive power of physics. However, current issues in
the investigation of hydrogen now lie in determinations
of the proton form factor and polarisability, rather than
the QED terms. In other words, further research in this
area is now principally in fundamental or nuclear
physics. Additionally, some may feel slight scepticism
at the good agreement with hydrogen, in that QED was
of course presented as a theory for hydrogen. It is fair to
ask if QED provides valid predictions for the rest of the
periodic table!
Recent work has also concentrated on helium,
particularly as a test of electron correlation and QED.
For neutral helium, tests have conﬁrmed QED to a high
degree (Drake, 2001), although the treatment of terms in
a perturbative series expansion for both QED contributions and for the electron–electron correlation in this
low-Z system is a difﬁcult problem, and many references
have discussed the difﬁculty of ordering terms to avoid
double-counting of particular physical processes. The
double-counting will always be wrong, but it has been an
extremely difﬁcult problem to isolate independent
diagrammatic contributions.
For 1s–2s and 1s–2p transitions in helium, which
primarily measure the 1s Lamb shift, the ﬁrst major
theoretical calculation by Drake (1988) was discordant
by several signiﬁcant ﬁgures from earlier experiment, but
had a theoretical uncertainty implied at the 0.5% level,
or some 40 times less than corresponding experiments.
At the time, a view was widespread that experimental
research was not competitive in this area; that the
experimental errors were quite dominant; and that the
theoretical understanding of these systems was complete. However, within 5 years (Drake et al., 1993;
Forrey et al., 1995), further theoretical work had been
completed which led to a large shift of theory with an
increase in the theoretical error bar of a factor of 10.
Further theoretical and experimental work has now
converged to agreement within 1s but with even larger
quoted uncertainties (Drake and Martin, 1998; Bergeson
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et al., 1998; Drake and Goldman, 2000). However, the
current comparison of the helium ﬁne structure represents an as yet unexplained 15s discrepancy (Drake,
2002). Hence the interplay between experiment and
theory is a necessary driver and is able to allow the
development of signiﬁcant insight in both theoretical
and experimental high-precision work.
For He+, the situation is a little different, in that
major discrepancies have now been observed (van
Wijngaarden et al., 1991). A difﬁcult and complex
experiment in Canada showed discrepancies from theory
of many standard deviations. The analogous experiment, applied to hydrogen (van Wijngaarden et al.,
1998) showed no such discrepancy, and the conclusion
was made that this might be due to residual magnetic
ﬁelds near the experiment. A test reapplication of the
results to He+ appears to have conﬁrmed this experimental limitation, and new results appear to conﬁrm
theory (van Wijngaarden et al., 2001). However, an
independent conﬁrmation of this result is called for.
The other classic test of QED lies in g-2 experiments. Dirac theory would predict the gyromagnetic
ratio of the electron (from its spin=1/2) to be
exactly 2. Careful measurements (e.g. by Van Dyck
et al. (1995) and Dehmelt (1990)) yielded ge ¼
2  (1+1.159652188(4)  103) instead. This was predicted by early QED theory to be due to the creation
and annihilation of virtual photons in the photon ﬁeld,
even in a vacuum where the number of photons is zero
and this process is dominated by the zero point energy
corresponding to ﬂuctuations in the electromagnetic
ﬁeld. The recent corresponding theoretical value for this
is ge ¼2  (1+1.159652133(29)  103) (Hughes and
Kinoshita, 1999) or 11 signiﬁcant ﬁgures of accuracy.
This has been one of the most stringent tests of a regime
of QED for low electric-ﬁeld strengths. Additional and
separate g-2 tests of bound QED have been developed
recently with atomic traps, and further progress is
expected in the next few years (Verdu et al., 2002).
High Z systems (particularly uranium) have been
investigated to test QED, nuclear physics, and the region
of high coupling coefﬁcients Za (Beyer et al., 1995;
Stohlker et al., 2000) to 5%. Lithium-like systems have
also probed QED terms, although the complexity of the
excited three-electron system creates additional theoretical difﬁculty. Neutral atoms (Cs and Rb) have been
used to test electro-weak theory and parity violation,
while other neutral atoms have been investigated at
synchrotrons and elsewhere for relativistic atomic theory
and wavefunctions, but not for tests of QED. Exotic
atomic systems including antihydrogen, positronium,
muonium and muonic atoms have been of particular
interest in testing QED in extreme regimes, in coupling
near divergence (i.e. in regimes where Za approaches 0
or 1), and in renormalisation. There has been strong
continued interest in hydrogenic and helium-like atoms,
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with only one or two electrons, as tests of QED and
electron correlation.

5. Current discrepancies
These successes underlie our current conﬁdence in the
predictive power of QED. However, several key
discrepancies remain and question the limits of that
conﬁdence.
The highly accurate measurements of hydrogen and
helium, mentioned above, are also in strong disagreement with current QED theory. The latest CODATA
revision of the determination of physical constants
(Mohr and Taylor, 1999, 2000) found an unresolved
discrepancy in the determination of the Rydberg. When
all (hydrogen, helium and proton/deuteron radius) data
are reﬁned simultaneously, normalised residuals are
1:5s: Also, the normalised residuals show a systematic
deviation between theory and experiment, corresponding to 126/n3 kHz for nS1/2 states. Therefore, a second
(recommended) reﬁnement omitted the proton/deuteron
radius data and allowed this to vary freely to give a ﬁtted
result. The result was a radius some 8s discrepant from
scattering measurements. The authors commented that
the most likely sources for this difference are a deviation
of the proton charge radius and/or the deuteron charge
radius predicted by the spectroscopic data from the
values deduced from scattering experiments, an uncalculated contribution to the energy levels from the twophoton QED correction that exceeds the estimated
uncertainty for this term, or a combination of these.
In summary, this could be resolved by further
investigations into the size and shape of the low-Z
nuclei or by further theoretical investigation along
current directions into higher order terms of QED.
However, this may also suggest that the current
perturbative expansion is showing some limitations, or
that the renormalisation approach needs reinvestigation.
Of course, it is also possible that the approach of QED
has some particular ﬂaws or limitations which experiment might be beginning to illuminate. It is worthwhile
reﬂecting that whereas general relativity (also tested to a
very high level) has an inﬁnite manifold of wellconstructed alternate theories to explain gravity, testable
to greater or lesser degree, QED has virtually no rivals
to explain the interaction of light with matter. The
standard response of particle (and ﬁeld theory) to an
anomaly in the experimental data has been to consider
an as-yet-unknown additional particle, which will
modify the interaction and lead to an observable shift
by perturbative expansions and computations. Of
course, electro-weak theory is such a successful explanation. But grand uniﬁcation appears to require something
much more profound, with different symmetries and a
different underlying principle. String or twistor theories,
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or the invocation of multiple collapsed dimensions,
show some promises in these areas, but without any
experimental veriﬁcation to date.
However, there are a couple of testable alternative
hypotheses. A proposal of ‘positional indeterminacy’,
which is like invoking a quantisation of space, has
shown some promise with regard to key experimental
anomalies as discussed above (Ruzzene, 2000). At the
current time, this proposal predicts the sign and
magnitude of some discrepancies, but is contraindicated
by the latest He+ result. However, the theory also
predicts discrepancies for medium-Z systems, which are
within a factor of two of current experimental uncertainty. Hence new experimental results may conﬁrm
or disprove this model as currently constituted.
Another key discrepancy lies in the quoted theoretical
accuracies. This exists both for hydrogenic computations and for helium-like computations. It is extremely
difﬁcult to gauge the accuracy of a theoretical work.
Estimates of convergence and consistency necessarily
omit key terms that might be dominant, or more
dominant than previously considered. This is particularly the case in QED studies. For example, Drake et al.
(1993) quotes uncertainties of 0.5% for QED, but there
were up to 5% errors in the total QED component of
energies (Plante et al., 1994). Later, a different
computation (Persson et al., 1996) claimed a 5–10%
uncertainty due to correlation effects for Zo32 for the
same systems, and later a 2.5% discrepancy was found
from the Persson result for Z ¼ 32 (Yerokhin et al.,
1997).
Also, for hydrogenic systems, the pioneering work of
Mohr (1985) and Johnson and Soff (1985) quoted
0.3 ppm uncertainties for medium-Z 1s–2p transitions.
However, lowest order two-loop terms are of the order
of percent in these systems, so this earlier uncertainty
was unable to anticipate the higher magnitude of these
additional theoretical corrections.
It should be stressed that all of this development is
necessary and healthy, and has been a product of
strenuous research by outstanding theorists. Some have
claimed a more serious concern compared to this
incremental improvement of theoretical understanding
and the understanding of theoretical limitations to
uncertainties. It has been seriously considered that a
divergence in both the Za and a=p expansions are
possible in QED (Sapirstein, 1998; Karshenboim, 2000).
It has been noted similarly that in many systems, higher
order terms may yield corrections as large or larger than
lower order terms (Jentschura, 2000).
Lowest-order QED terms scale as ðZaÞ4 n3 ; with
higher order terms scaling to the sixth and higher
powers. Such higher terms may only be a few percent of
the lowest order terms; and yet these are the critical
areas of current theoretical development, and also are
the region where the convergence of all higher terms

remains ill deﬁned and may be probed by medium-Z
experiments. Medium-Z measurements also probe higher-order (photon exchange) QED theory, in particular
a2 ðZaÞ6 and higher terms causing recent dilemmas.
These expansions are not analytic at low or high Z
(Karshenboim, 2000).
In consequence of all this, it is worthwhile noting
that signiﬁcant discrepancies currently exist in
medium-Z tests of QED. Results from different
experimental groups in the medium-Z region are
inconsistent, and the problem of correlation in threebody systems is complex and unresolved. Further,
theoretical predictions differ from one another by an
amount approximately equal to the current experimental
uncertainty.
Recently it has been observed that EBITs have led to
a new opportunity in the possibility of testing 2-electron
QED effects (Chantler et al., 2000). A signiﬁcant
realisation of recent years is that complementary
endeavours are investigating different fundamental
issues and making major contributions to different
ﬁelds. Modest increases in experimental precision over
current work—by a factor of three in an appropriate
system—may demonstrate the limitations of current
theoretical approaches and may suggest a more sound
theoretical approach to QED.
There has been excellent work developing laser
resonance experiments at accelerators, and recently at
EBITs (Lea et al., 1994; von Brentano et al., 1993;
Myers et al., 1995; Klein et al., 2001). Part of this
area has been reviewed recently (Myers, 2001).
Signiﬁcant unexplained anomalies between theory and
experiment remain in this ﬁeld, and it is an area of
active interest. The origin of these discrepancies is not
yet clear. Other tests in this regime have pursued
lifetime or quench studies which may be based on
laser–optical or X-ray transitions (Serpa et al., 1998), or
on radiative recombination and radiative electron
capture (Stolker et al., 1997, 1999), and related processes
involving X-ray or visible emission from continuum
states. The remainder of this review will concentrate on
X-ray spectroscopic transitions between discrete levels,
where narrow natural widths permit high-resolution
measurements.

6. Medium-Z; helium-like anomaly
In the medium-Z regime for helium-like ions a series
of experiments has yielded an apparent anomaly with
respect to theory, as shown in Fig. 1. The particular
experiments of Beiersdorfer et al. (1989a, b) led to a
claim that theory was in error by 3s; based on a series of
2 standard deviations of experiment from theory. The
conclusion is neither clearly supported nor clearly
refuted by other work. If theory is in error, then the
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8. Excited-state QED
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Fig. 1. Helium-like QED theory for the dominant w line (1s–2p
1
P1–1s2) (Drake, 1988), atomic number Z ¼ 15240 (straight
line) versus PLT tokamak measurements and EBIT measurements by Beiersdorfer et al. (1989, open circles) compared to
other experimental results (ﬁlled circles). Solid diamond is
Chantler et al. (2000) where other references are also provided.

Z-dependence of this error is of major concern to
theoreticians around the world. If certain experimental
systematics are responsible, a series of critical experiments should identify key systematics.

7. EBIT experiments
The major QED measurements to date use accelerator-based beam-foil spectroscopy or plasma-based
spectroscopy. Excellent measurements are usually limited by Doppler shift uncertainties from fast beams.
Electron beam ion traps (EBITs) avoid this limitation,
by trapping the ions in a weak radial and longitudinal
trap. Negligible thermal motions occur. Limiting experimental precision comes from other, controllable, contributions, namely statistics and the calibration of the
dispersion function of the spectrometer and detector
systems used. EBIT physics also addresses processes of
interest in astrophysical theory, plasma diagnostics, and
laser research.
There are two techniques which have been applied to
high-precision research in QED using EBIT sources
(Hölzer et al., 1998; Paterson et al., 1997; Chantler et al.,
1999). The use of curved crystals (Johann geometry)
dramatically increases the statistics, and also makes the
experiment insensitive to positional misalignment of 5–
500 mm (major limitations of other techniques). We have
recently designed and constructed a prototype twodimensional backgammon detector (based on NIST and
Japanese precursors) promising high performance compared with earlier work.

The results for helium-like vanadium are sensitive to
the QED contributions of the 2s state as well as the
ground (1s) level. This sensitivity, at the 40% level, is of
course exceeded by experiments which directly measure
the excited level (e.g. 2s–2p) transitions. However, it is
interesting that direct measurements of the ground state
Lamb shift are now also sensitive to the contributions of
QED to these higher levels. This level of accuracy
implies that higher-state QED should not be assumed in
such investigations or such analysis, but should also be
directly investigated.

9. Two-electron QED
Two-electron QED is the QED contribution due to
two-electron Feynman diagrams, but also due to the
difference between one-electron diagrams in the different (one versus two electrons) potential. Different
theoretical approaches yield quite different estimates of
this QED contribution. Hence these experiments will
isolate one of the most difﬁcult questions regarding
QED theoretical implementation to atomic systems.
Currently only three medium-Z measurements have a
claim to be sensitive to two-electron QED for the 1s
Lamb shift in medium-Z atoms. Our work on vanadium
is one of these three, and the other two, for quite
different Z; are sensitive at the 50% level but have
neglected certain systematic contributions at this level in
their analyses (curved crystal dynamical diffraction
shifts, crystal defects, absolute calibration, theoretical
uncertainty) (Deslattes et al., 1984; Maclaren et al.,
1992). This investigation is beginning, and should bear
fruit in the next few years.

10. Second-order QED
A key interest is in the sensitivity of these new
measurements to second-order QED. Within a heliumlike system, the deﬁnition of the relevant sum is not so
well deﬁned due to correlation terms of a similar order;
but a good guideline is given by the corresponding result
for hydrogenic systems. On this basis, several medium-Z
measurements are indeed sensitive to second-order QED
now.

11. Discrepancies between different theoretical
predictions
A clear statement of the critical level for testing theory
lies in the discrepancy between current theoretical
predictions across the central range of atomic number.
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Different theories predict differing levels of agreement
with experimental data for helium-like transitions in the
medium-Z regime (Vainshtein and Safranova, 1985;
Indelicato, 1988; Drake, 1988; Plante et al., 1994; Cheng
et al., 1994; Yerokhin et al., 1997). For Z ¼ 26; theory
differs by 30 ppm from one another, and this level is
consistent across the range of medium-Z. The problem
of isolating contributions from different correlation
diagrams in these few-electron systems has been part
of this discrepancy. The variation between theories is
about 1–2 standard deviations of experimental results.
For example, the experiment on vanadium has yielded
results for vanadium with an accuracy of 27 ppm or
5.7% of the Lamb shift. Hence, signiﬁcantly reducing
the current experimental error budget, by relatively
small factors of two or three, will lead to further critical
investigations of theoretical approaches. We can look
forward to this prospect in the near future.
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structure uniquely positioned to integrate stress
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information and regulate both stress and reward
systems. Consistent with this arrangement,
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evidence suggests that the BNST, and in particular
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the noradrenergic input to this structure, is a key
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component of affective responses to drugs of
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abuse. We have utilized an in vitro slice
preparation from adult mice to determine synaptic
PubMed Citation
and membrane properties of these cells, focusing
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on the dorsal and ventral subdivisions of the
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anterolateral BNST (dBNST and vBNST) because
of the differential noradrenergic input to these two regions. We find that while resting membrane
potential and input resistance are comparable between these subdivisions, excitable properties,
including a low-threshold spike (LTS) likely mediated by T-type calcium channels and an Ihdependent potential, are differentially distributed. Inhibitory and excitatory postsynaptic
potentials (IPSPs and EPSPs, respectively) are readily evoked in both dBNST and vBNST. The
fast IPSP is predominantly GABAA-receptor mediated and is partially blocked by the
AMPA/kainate-receptor antagonist CNQX. In the presence of the GABAA-receptor antagonist
picrotoxin, cells in dBNST but not vBNST are more depolarized and have a higher input
resistance, suggesting tonic GABAergic inhibition of these cells. The EPSPs elicited in BNST
are monosynaptic, exhibit paired pulse facilitation, and contain both an AMPA- and an N-methylD-aspartate (NMDA) receptor-mediated component. These data support the hypothesis that
neurons of the dorsal and ventral BNST differentially integrate synaptic input, which is likely of

behavioral significance. The data also suggest mechanisms by which information may flow
through stress and reward circuits.
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ABSTRACT
The medial prefrontal cortex (mPFC) has been strongly implicated in control of the paraventricular nucleus of the
hypothalamus (PVN) response to stress. Because of the paucity of direct projections from the mPFC to the PVN, we
sought to investigate possible brain regions that might act as a relay between the two during psychological stress.
Bilateral ibotenic acid lesions of the rat mPFC enhanced the number of Fos-immunoreactive cells seen in the PVN
after exposure to the psychological stressor, air puff. Altered neuronal recruitment was seen in only one of the
candidate relay populations examined, the ventral bed nucleus of the stria terminalis (vBNST). Furthermore, bilateral
ibotenic acid lesions of the BNST caused a significant attenuation of the PVN response to air puff. To better
characterize the structural relationships between the mPFC and PVN, retrograde tracing studies were conducted
examining Fos expression in cells retrogradely labeled with cholera toxin b subunit (CTb) from the PVN and the
BNST. Results obtained were consistent with an important role for both the mPFC and BNST in the mpPVN CRF cell
response to air puff. We suggest a set of connections whereby a direct PVN projection from the ipsilateral vBNST is
involved in the mpPVN response to air puff and this may, in turn, be modulated by an indirect projection from the
mPFC to the BNST. J. Comp. Neurol. 481:363-376, 2005. © 2004 Wiley-Liss, Inc.
Received: 30 January 2004; Revised: 29 June 2004; Accepted: 1 September 2004
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Plasticity at excitatory synapses as a consequence of drug exposure is a fascinating phenomenon that
has received substantial attention in recent years, since it has been hypothesized to underlie some
aspects of the abnormal learning processes in substance abuse (Wolf, 1998; Carlezon and Nestler, 2002;
Kauer, 2004; Jones and Bonci, 2005 and references therein). Specifically, in neural reward circuits,
increased excitatory transmission via NMDA and AMPA receptors might contribute to acquisition and
expression and consolidation of drug reward learning respectively. However, to date only a few
electrophysiological studies have explored directly whether changes in excitatory synaptic transmission
occur as a consequence of in vivo exposure to drugs of abuse (Ungless et al., 2001; Thomas et al., 2001;
Saal et al., 2003; Borgland et al., 2004; Faleiro et al., 2004). Further, the fact that all these studies were
performed in the mesolimbic system, but not in other brain regions involved in mediating addictive
behaviors, opened the question on whether an increase in glutamate receptor activity represented a
specific effect limited to the mesolimbic system, or whether it is a phenomenon that can be detected in
other areas of the central nervous system
involved in mediating addictive behaviors.
Current concepts suggest that two
learning mechanisms are engaged in the
progression from acquisition to
expression and consolidation of
substance abuse: the learning of
associations between behaviour and an
outcome, and conditioned learning of
specific stimuli associated with drug
reward, also known as Pavlovian.
Together, these processes initiate and
establish goal‐directed, drug‐motivated
behaviors (Wise, 2004; Schultz, 2004).
Once “learned”, drug addicts trigger a

very complex variety of goal‐directed and drug‐seeking behaviors which become quite resistant to
extinction (Kauer, 2004; Jones and Bonci, 2005 and references therein). Various persistent neural
adaptations might contribute to abnormal instrumental and conditioned responding for addictive drugs;
for example, sensitization of neural circuits that assess the motivational value of drug rewards can
enhance both forms of learning (Cardinal and Everitt, 2004). Glutamate receptors are influenced by
associative learning processes in addiction, and associative learning can be in turn modulated by drugs
acting at various glutamate receptor subtypes (Cardinal and Everitt, 2004). A body of studies supports
the idea that midbrain dopamine projections to nucleus accumbens (NAc) are central components of the
neural reward/addiction circuitry, although association cortex (including prefrontal and anterior
cingulate areas), amygdala, bed nucleus of stria terminalis (BNST) and dorsal striatum interact with and
influence the dopamine projections and possibly mediate some aspects of reward‐related learning
(Wise, 2004; Schultz, 2004; Kauer, 2004).
A recent paper published in Nature Neuroscience by Dumont and colleagues (2005) highlights the role of
increased excitatory synaptic transmission in the BNST in possibly underlying both cocaine and food self‐
administration. Studies have shown that the BNST plays an important role in addictive behaviors such as
drug seeking (Aston Jones and Harris, 2004 and references therein) and stress‐induced relapse to
cocaine (Erb et al., 2001). Briefly, in this study, the authors show that glutamate synaptic transmission in
the BNST is increased in rats that performed an operant task to obtain cocaine or food, but not in those
that received cocaine or food in a passive manner (note: operant behaviors, as defined by Skinner, are
those without observable external stimuli). This elegant study provides direct and specific evidence that
increased glutamate receptor activity in the BNST might be a key component of the limbic circuit
underlying operant behaviors in relation to rewards.
More studies like the one above are needed, since they will allow scientists to gain a better
understanding of the temporal and spatial location of the glutamate‐dependent changes underlying
learning mechanisms in response to addictive drugs. Given the results of this study, it is possible to
speculate that the increased glutamatergic synaptic transmission in the BNST during cocaine and food
self‐administration contributes to elicit motivational states that generate drug‐ and food‐seeking
behaviors, which in turn might reinforce such learned associations. Our ability to dissect the temporal
and anatomical components of the many actions produced by addictive drugs, both behaviorally and
functionally, is still a major challenge. However, studies like the one by Dumont and colleagues (2005)
show that an increasing number of electrophysiological studies are beginning to narrow the gap
between physiology and addictive behaviors.
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Hyperprolactinaemia
abolishes sensitivity of stria terminalis neurones to
testosterone
KM Kendrick and AF Dixson

Hyperprolactinaemia was induced in castrated, testosterone-treated male rats using ectopic
pituitary grafts under the kidney capsules. After 6 weeks the absolute refractory period of stria
terminalis neurones in these animals did not differ significantly from long-term castrated rats
(mean = 1.72 vs 1.69 ms) in spite of the presence of normal testosterone concentrations.
Gonadally intact animals, and sham-operated castrated animals treated with testosterone, showed
by comparison the characteristic significantly shorter absolute refractory period normally
associated with testosterone stimulation (mean = 1.15 and 1.08 ms respectively). These results
provide the first demonstration that hyperprolactinaemia can abolish central sensitivity to
testosterone.

Sheng Li Xue Bao. 2001 Jun;53(3):170-4

[Effect of estrogen on dopamine release evoked by electric stimulation of
central amygdaloid nucleus]
[Article in Chinese]
Xie JX, Liu B.
Department of Physiology, Medical College of Qingdao University, Qingdao
266021. jxiaxie@public.qd.sd.cn
In vivo fast cyclic voltammetry (FCV) was used to investigate dopamine (DA)
release from central amygdaloid nucleus (CAN) of ovariectomized (OVX),
estrogen-treated and normal female rats. Radioimmunoassay was used to measure
the serum concentration of estradiol (E(2)). DA release was significantly higher in
OVX rats treated with estradiol benzoate (EB) as compared with controls. The DA
release due to electric stimulation is dose-dependent on serum concentration of
estradiol, suggesting that estrogen may play an important role in regulating DA
release from CAN.
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Electrochemical impedance spectroscopy for the study of juvenile
hormones-recombinant protein interactions.
Stobiecka A, Dvornyk A, Grzelak K, Radecka H.
Institute of Animal Reproduction and Food Research, Polish Academy of Sciences,
Tuwima 10, 10-747 Olsztyn, Poland.
The interactions of recombinant juvenile hormone binding protein (His8-rJHBP)
with juvenile hormones (JHs), methoprene and farnesol have been studied with
electrochemical impedance spectroscopy (EIS). The protein was immobilized on the
dodecanethiol (DDT) modified gold electrodes. Each step of electrode modification
has been confirmed with cyclic voltammetry (CV) and electrochemical impedance
spectroscopy (EIS). The conformation changes of His8-rJHBP upon JHs and
methoprene binding have been presented. The EIS determined association constants
in the JHs analogs-immobilized His8-rJHBP system indicate that lack of the
epoxide moiety in methoprene molecule is not critical for observed high affinity of
this compound to the binding region of the His8-rJHBP protein.
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THE ELECTROCHEMISTRY OF THE TRIVECTOR
Edited By William Nelson MD Prof of Medicine IMUNE
INTRODUCTION

The atoms of all things are made of mostly electrically charged
electrons and protons, with neutrons and other miscellaneous sub atomic
particles. Everything has a electric field around it because of the electrons and
protons that make it up. The workings of these atoms is covered in chemistry. In
chemistry we learn that most atoms have imbalances in their outer electron shell.
So they seek atoms that can help to fill theses shells. These shells are only
explained in quantum physics. All things are only describable with quantum
physics. All other physics description are only superficial. The electrons are
placed far around the nucleus of the atom. If the nucleus is the size of a golf ball
the elecron is less than the sharp point of a pin and about a half mile away from
the nucleus. The truth is that we are mostly all empty space. Space that is full of
fields. Fields that interact and make biology possible. To study biology we must
study these fields. But these fileds are only explainable thru electronics and
quantum physics.
What we call modern medicine is not modern at all. Infact it is based in
antiquated science of thermodynamic newtonian physics and old style chemistry.
Today a trully modern science is based in non linear fractal quantum
electrodynamics. We need a more trully modern medicine. A medicine of the
body electric.
Everything has a electric field around it because of the electrons and
protons that make it up. We all know about these fields today especially if you
have travelled and had to go thru a metal detector. The metal detector senses the
magnetic field of metal. Metals have a strong magnetic field. Other substances
have a weaker or paramagnetic field such as water. Water has a weak field.
Some things have an almost nil field and some substances such as bismuth have
a negative magnetic field. But Everything has a electric field around it because of
the electrons and protons that make it up.
To study the body, we need to study the body electric and use QED as our
scientific guide. The first really definitive book on Quantum Electro Dynamics
(QED) is in 1961.
In 1968 Nelson proposed the idea that there was an electrical detectable field around all
things. This field around a compound would be stagnant or just slightly unchanging. A
live organism would have a reactive and adaptive field, drawn towards nutrition and
repelled from toxins.
In 1972 thru 1974 the first experiment was done at Youngstown State University

to evaluate this reactive field.
The first extensive assay of these factors was done in 1988, then again 1994 and
now in 2007. One of those papers was presented at the Hungarian Diagnostic and
Laboratory World Seminar in September, 1994, in Pecs, Hungary (a major world-wide
congress on laboratory and diagnostic techniques). The 1989 paper was the basis of
USA registration of the EPFX. After four decades there was a need for a more
complete reevaluation.
This review report scrutinizes a comparison between cultured blood, skin, urine,
lymph and stool results, and SCIO Electro-Physiological-Feedback EPR reactivity.
Events display that the Xrroid has a very high interdependence to culture results, and
thus the Xrroid is very helpful in determining the electrical reactivity of the patient, and in
determining the type of infection the patient might have. The over-all correlation was
approximately 91%. The existence of many so called false positives or infections that
are subclinical makes reading difficult. This makes the SCIO profile a good
pre-diagnostic tool.

Electro-Chemistry has been a respected and developed science for many
decades. Thousands of articles and books have been written on the subject. It is
also known as polography.
A three-dimensional (TRIVECTOR) topological electro field can be
measured which shows the relationships among various time-dependent
volt-ammetric techniques using micro electrodes. Intersections of the surface with
appropriately oriented planes represent conventional polarography,
chronopotentiometry, polarography at a stationary electrode, and
constant-potential voltammetry.
Homeopathy is dependent on a shape transfer process. The activation of
neuro-emotional shape receptors can offer an explanation of homeopathy. Our
TRIVECTOR three-dimensional topological field time-dependent voltammetric
techniques offers a good compatibility with the TRIVECTOR resonance system.
This has been shown to provide an accurate system of homeopathic analysis.
This article will only deal with the three-dimensional topological field
time-dependent voltammetric techniques as part of a whole system for
homeopathic shape analysis.
In 1983 I developed a trivector system of analyzing the volt-ammetric
signature of a compound. I developed a three dimensional system I refer to as
the trivector. The basic theory was to make a volt-ammetric- electro-chemistry
analysis systrm that would be as similar to the actual process in the body. So the
volt-ammetric test should use volts and amps similar to the actual body
potentials. Thus the measured volt-ammetric signature would be very similar to
the actual body natural processes.
TRIVECTOR VOLT-AMMETRIC SIGNATURE
The basic existence of all atoms and molecules as all of science knows has
a distinct field around it. This subtle field can be measured. The first form of

electrical chemical analysis was done over a hundred years ago in the science of
volt-ammetry also referred to as polography. Thousands of research articles and
a fully accepted science of the electro dynamic analysis of the has lurked in the
back waters of chemistry. But since so few chemical engineers have electrical
knowledge, it does not gain popularity.
There was even a journal on volt-ammetry published years ago. In the
journal there were some interesting articles. In animals they found that the
voltage of the body was connected to the catecholamines. These are our adrenal
hormones, necessary for flight fight and stress management.
The amperage was connected to the indolamines or brain hormones like
serotonin and melatonin. When they gave catecholamines there was an increase
in voltage. When there was a measured drop in catecholamines there was a drop
in voltage. When they gave indolamines there was an increase in amperage.
When there was a measured drop in indolamines there was a drop in amperage.
We have scientifically and clinically proved the same observation true in humans.
In 1983 I developed a trivector system of analyzing the volt-ammetric
signature of a compound. I developed a three dimensional system I refer to as
the trivector. I started purchasing compounds. Bacteria, fungus, viruses,
enzymes, hormones, minerals, etc and to date I have spent over one half a
million dollars on collecting and testing these items. All items in the SCIO test kit
have been tested in their reality. Other companies use much less scientific
systems. This is the reasons for the success of the SCIO system.
There have been over twenty five years of testing, perfecting, substantiate,
corroborating, authenticating, and validating the current system we call the QQC.
There have been over five articles published on the science. And over 25,000
systems using the trivector patterns have shown profound safety, and efficacy.
This research and history has been reviewed intimately and correctly
assayed by medical experts in Europe. There has been now an acceptance of
both the QQC device and the accuracy of the trivector volt-ammetric signatures.
To review this research and the legal registrations please inquire. There is a full
peer reviewed medical ISSN journal devoted to the review of the technology.
Simply put we can test the electrical field that binds and permeates a compound
and reproduce a signal to see how a patient reacts to it.
These items such as vitamins, homeopathics, enzymes, hormones,
sarcodes, allersode, nosodes, Isodes and herbs have static trivector signatures.
The living being has a reactive or ever changing field. The patient has a reactive
field that is drawn towards nutrition and repelled from toxins. We measure the
reactions ( reactance EPR ) of the patient to ten thousand some homeopathic
compounds. This is the basis of the EPFX system as it was sold from 1989. Two
decades of development to get to today. An over night success.

Scientific Principles of Voltammetric TRIVECTOR Analysis
1. The liquid crystal nature of the polar substance water is a well
known scientific principle.
2. The memory of water to retain and return to it’s crystal polymorphic
shape structure is also well known. (This memory is destroyed by a.
Heat above 55 degrees Celsius
b. Strong oder such as camphor,
c. Ionizing radiation (X-rays).
Magnetic fields can distort the shape
but the water memory will return after the magnetic field is
discontinued. This is the principle of magnetic resonance imaging.
Water will remember it’s crystal structure and always seek to find it’s
shape or polymorphic state)
3. Electrochemistry (polarography, Polography, chronopotentiometry,
volt-ammetry) are standard accepted scientific principle. of modern
chemistry for chemical analysis. The shape of the polar stucture of
water effects the resonance and reflective patterns of electro-potential
current with a changing voltage, to produce a three dimensional
(trivector) shape volt-ammetric signature for the substance suspended
in the water. Standard Chemical analysis techniques modified for use
in homeopathy.
4. The dynamics of the chemical information transfer of hormones
through shape receptors in the cell is the basis of all pharmacology. All
hormones work by stimulating these shape receptors. The plasticity of
these receptors has allowed synthetic chemistry to appear to work.
Shape receptor stimulus is our fourth scientific principle. These shape
receptors all work by recieving the volt-ammetric, electro-chemical
pattern. The atoms and molecules have electro-magnetic fields that
trigger the receptor site. The lock and key analogy is not quite
appropriate. It is more of magnetic strip trigger with a field reaction,
than a physical key into a lock. All of biology is a study in voltammetry
or Electro-Chemistry. this is the most modern thoughts in a new
modern medicine.
These four well known scientific facts offers us an
explanation for understanding and proving high potency homeopathy
as a medical treatment. This science also offers us a superb
homeopathic quality control procedure. Now homeopathy can be
proven, tested, understood, and defended with these scientific
principles.

The principle of water’s liquid crystal shape capacity and homeopathy was
demonstrated by Nelson in 1997 (IJMSH). Here several homeopathics were frozen and
analyzed for repeatability. In this journal the electrochemical reactivity of homeopathic
remedies were also well determined. The analysis of conductive resonance, magnetic
resonance, and capacitance states were proven a window of examination analysis.
Voltammetry or electrochemistry offers a potential more efficient and accurate system of
examination. A TRIVECTOR Voltammetric analysis has been done by others, and a
refined variation of this process has proven valuable for homeopathy.
Water is a polar substance. It has a small magnetic pole. If we place a plastic
comb rubbed with fur next to a small trickle flow of water we can see the water flow bend
towards the electrically static charged comb. This polar nature of water allows it to take a
shape. As that water is a liquid crystal at temperatures from 0 Celsius to 55 Celsius. at
temperatures above this the kinetic energy of the heat destroys the polar nature.
Next we put different metal electrodes into a container of the water homeopathic
to be tested. There will be an electro potential established between the electrodes. As
we pass a changing voltage current thru the water based homeopathic the current or
amperage potential will change at the electrodes. This volt-ammetric reading is different
for each substance. Because the liquid crystal effect of water will make a distinct pattern
that is reflective of the different shape.
The shape of the liquid crystal polar water reflects and resonates the flow of the
current and it’s variant voltage. Just as the shape of a canyon determines the style of the
echo that resonates thru it when you call. The shear lines and crystal boundaries have a
signature effect on the output. Each substance has a different volt-ammetric
TRIVECTOR signature.
Just as our shape receptors in our nose and tongue detect a shape (taste and
smell), the shape of the homeopathic is also detected by the volt-ammetric process. It is
the volt-ammetric signature that is responsible for the phenomena of taste and smell.
The reactive receptors detect the volt-ammetric signature to react. This shape detection
is a three dimensional process, so we have called it the TRIVECTOR. After the three
vectors of electronic theory.

For almost two decades, researchers and clinicians have found the
TRIVECTOR items EPR (Electro-Physiological-Reactivity) to be very
accurate. They have reported astounding verification of the EPR validity of
the QQC TRIVECTOR readings. They have been accurate in measuring
nosodes, isodes, allersodes, sarcodes, and classic homeopathics.

The scope of electrochemistry
Electrochemistry involves chemical phenomena associated with charge separation.
Often this charge separation leads to charge transfer, which can occur homogeneously
in solution, or heterogeneously on electrode surfaces. In reality, to assure
electroneutrality, two or more charge transfer half-reactions take place, in opposing
directions. Except in the case of homogeneous redox reactions, these are separated in
space, usually occurring at different electrodes immersed in solution in a cell. These
electrodes are linked by conducting paths both in solution (via ionic transport) and
externally (via electric wires etc.) so that charge can be transported. If the cell
configuration permits, the products of the two electrode reactions can be separated.
When the sum of the free energy changes at both electrodes is negative the electrical
energy released can be harnessed (batteries). If it is positive, external electrical energy
can be supplied to oblige electrode reactions to take place and convert chemical
substances (electrolysis).
The Volt-ammetric pattern will reflect the three dimensions of the field strength of a
substance. The right hand rule of electronics describes the fields that exist in three
dimesional space. any substance produces an impingement of it;s electronic shape
onto the liquid crystal of the water. The flow of the variant volt-ammetric relationship
will echo this shape, just a an echo as it flows thru a canyon is effected by the shape of
the canyon. Thus Electro-Chemistry and the Volt-Ammetric gives us an excellent
opportunity to make a repilca of the shape of a homeopathic substance.
In this brief overview of the electrochemistry pof the trivector, and particularly J of
electrode reactions, is given in order to show the interdisciplinary nature and versatility
of electrochemistry and to introduce a few of the important fundamental concepts. Lets
look at the nature of electrode reactions.

The nature of electrode reactions
Electrode reactions are heterogeneous and take place in the interfacial region between
electrode and solution, the region where charge distribution differs from that of the bulk
phases. The electrode process is affected by the structure of this region. However, we
first assume that there is no effect apart from charge separation. At each electrode,
charge separation can be represented by a capacitance and the difficulty of charge
transfer by a resistance. For the rest of this and the ensuing sections we consider only
one of the electrodes.
The electrode can act as only a source (for reduction) or a sink (for oxidation) of
electrons transferred to or from species in solution, as in
O + ne-

→R

where O and R are the oxidized and reduced species, respectively. Alternatively, it can
take part in the electrode reaction, as in dissolution of a metal M:
M → Mn+ + ne-

In order for electron transfer to occur, there must be a correspondence between the
energies of the electron orbitals where transfer takes place in the donor and acceptor. In
the electrode this level is the highest filled orbital, which in a metal is the Fermi energy
level, EF. In soluble species it is simply the orbital of the valence electron to be given or
received. Thus:
• for a reduction, there is a minimum energy that the transferable electrons from the
electrode must have before transfer can occur, which corresponds to a sufficiently
negative potential (in volts)
• for an oxidation, there is a maximum energy that the lowest unoccupied level in the
electrode can have in order to receive electrons from species in solution,
corresponding to a sufficiently positive potential (in volts).
The values of the potentials can be controlled externally. In this way we can control
which way an electrode reaction occurs and to what extent.
The thermodynamics and kinetics of electrode processes are summarized in the
following section. However, before this we return to the structure of the interfacial region.
The change in charge distribution from the bulk in this region means that the relevant
energy levels in reacting species and in the electrode are not the same as in the bulk
phases, and soluble species need to adjust their conformation for electron transfer to
occur. These effects should be corrected for in a treatment of kinetics of: electrode
processes—the thinner the interfacial region the better, and this can be achieved by
addition of a large concentration of inert electrolyte. For our purposes it is necessary to
try to process the trivector data collection at near human bio-terain conditions as
possible. This means a vlotage level at .5 to 4 volts and micro current potentials. Then
our needed outputs would be a close to the natrual volt-ammetric trivector shape as
possible.

Methods for studying electrode reactions
In order to study electrode reactions, reproducible experimental conditions must be
created which enable minimization of all unwanted factors that can contribute to the
measurements and diminish their accuracy. Normally we wish to suppress migration
effects, confine the interfacial region as close as possible to the electrode, and minimize
solution resistance. These objectives are usually achieved by addition of a large
quantity of inert electrolyte (around 1 mol dm-3), the electroactive species being at a
concentration of 5 mm or less.
A complete study of an electrode process requires measurement of kinetic as well as
thermodynamic parameters. This means that conditions in which the system is not
reversible must be used. Since the standard rate constant, k0, cannot be changed,
then the mass transfer coefficient, kd, may have to be increased until the reaction
becomes at least quasi-reversible. This can be done in various ways in various types of
experiment:
• steady

state

methods

:

hydrodynamic

electrodes,

increasing

convection;

microelectrodes, decreasing size
• linear sweep methods: increasing sweep rate
• step and pulse techniques: increasing amplitude and/or frequency
• impedance methods: increasing perturbation frequency, registering
harmonics, fourier curve fit, transduced ahrmonics etc.
• three dimensional assay for the trivectror

higher

The type of technique we have chosen depends very much on the timescale of the
electrode reaction. the time of human ionic exchange is approximately one hundredth of
a second.
Non-electrochemical methods can and should be used for studying electrode
surfaces and the interfacial region structure, particularly in situ- in vivo in real time
where this is possible.

Potentiostat
A potentiostat controls the potential applied to the working electrode, and permits the
measurement of the current it passes. Combination of some of the components in Fig. 1
gives the potentiostat of analoge digital hybrid first used in 1987 by Nelson, In

Fig.1. Potentiostat circuit for control of working electrode potential. All
resistances are equal, except RD which is variable.
the circuit illustrated it is possible to apply two signals simultaneously that are added
before reaching the working electrode—an example would be a voltage ramp and a
sinusoidal signal. We have adapted in 1992 a digital form where:
Ew—Eref = V1 + V2

where EW and Eref are the working and reference electrode potentials digitally

respectively, and
V0 = IR RD

Fig. 2. Bipotentiostat circuit for control of the potential of two working electrodes All
resistances are equal, except RD and RR which are variable.
A bipotentiostat controls the potential of two working electrodes independently, and
measures the current that they pass. A typical circuit is shown in Fig 2. Bipotentiostats
are necessary in performing studies with multi hydrodynamic electrodes

Galvanostat
A galvanostat permits control of the current that the working electrode passes. Figure 3
illustrates the scheme of a galvanostat circuit. The current passed at the working
electrode is

The reference electrode is not part of the circuit. It is there in order to have a reference
potential when we wish to measure the working electrode potential, for example in
chronopotentiometry (Section 5.4).
In studies involving double hydrodynamic electrodes (Section 8.5), it is
sometimes useful to control the current passed by the first, upstream, working electrode
(generator electrode) and control the potential of the second, downstream, working
electrode (detector electrode). In collection efficiency measurements, the fraction of
species, B, produced at the generator electrode under galvanostatic control which
reaches the detector electrode is measured by the current at the detector electrode
caused by reaction of B at a potential chosen so as to give the limiting current. Plots of
generator vs. detector electrode current are constructed, as in Fig. 3. Addition of extra

components to the simple galvanostat permits this experiment to be carried out,

IMPEDANCE METHODS
Introduction
Electrochemical systems can be studied with methods based on impedance
measurements. These methods involve the application of a small perturbation, whereas
in the methods based on linear sweep or potential step the system is perturbed far from
equilibrium. This small imposed perturbation can be of applied potential, of applied
current or, with hydrodynamic electrodes, of convection rate. The fact that the perturbation is small brings advantages in terms of the solution of the relevant mathematical
equations, since it is possible to use limiting forms of these equations, which are
normally linear (e.g. the first term in the expansion of exponentials).
The response to the applied perturbation, which is generally sinusoidal, can differ in
phase and amplitude from the applied signal. Measurement of the phase difference and
the amplitude (i.e. the impedance) permits analysis of the electrode process in relation
to contributions from diffusion, kinetics, double layer, coupled homogeneous reactions,
etc. There are important applications in studies of corrosion, membranes, ionic solids,
solid electrolytes, conducting polymers, and liquid/liquid interfaces.
Comparison is usually made between the electrochemical cell and an equivalent
electrical circuit that contains combinations of resistances and capacitances
(inductances are only important for very high perturbation frequencies, >100 kHz). The
combinations normally used for faradaic reactions are considered ; there is a component
representing transport by diffusion, a component representing kinetics (purely resistive),
and another representing the double layer capacity, this for a simple electrode process.
Another strategy is to choose a model for the reaction mechanism and kinetic
parameters, derive the impedance expression, and compare with experiment. Given that
impedance measurements at different frequencies can, in principle, furnish all the
information about the electrochemical system (if we are capable of understanding all the
contributions) there has been much interest in developing impedance techniques in
electrochemistry.
In this treatise, after a description of specialized methods for impedance
measurement, the procedure for deducing the kinetics and mechanism from the
impedance spectra is demonstrated.
The principles of a.c. circuits necessary for the comprehension of some of the ideas
and concepts presented here are given in the last discussions . The impedance is the

proportionality factor between potential and current; if these have different phases then
we can divide the impedance into a resistive part, R, where the voltage and current are
in phase, and a reactive part, Xc = 1/ωC, where the phase difference between curt and
voltage is 90°. As shown in the ending disscussions , it is often easier for posterior
calculation and analysis to display the impedance vectorially in complex-plane diagrams.

Phase - sensitive detectors and transfer function analysers
These detectors compare the signal applied to the system with the response, giving the
phase difference and the ratio of the amplitudes (i.e. impedance) (Fig.4). The signal is
applied by a potentiostat or galvanostat: it is necessary to substract the resistance
between the working and reference electrodes, and this can be done electronically. It is
easy to register the response in terms of the alternate current as a function of applied
potential, or as phase difference vs. applied potential, both these pieces of information
being important in a.c. voltammetry.

Transfer function analysers and network analysers, both digital, have principles of
electronic operation different from the conventional analogue, phase-sensitive detector.
However, the information obtained is similar, and for a wider range of frequencies (10-4
→ 106 Hz). The instruments are microprocessor controlled, permitting automatic
analysis, appropriate signal processing to improve signal/noise ratios etc. It must be
remembered that the processing of digital signals is complicated, and if not correctly
carried out can lead to strange and erroneous results. To compensate a fuzzy logic
system is used to process a trivector signal more efficiently.

In spectroscopy it is current practice to apply all frequencies at the same time through
the Fourier transform. In electrochemical systems it is possible to do the same, but it is
not yet clear if this is advantageous gien that quite a large signal accumulation time is
necessary for signal averaging; stepping through the various frequencies automatically

takes more or less the same time and the results are of similar accuracy and precision.

Direct Methods
If the applied signal is transmitted to a recorder (frequency < 5Hz) or an oscilloscope
(frequency < 5 kHz) and registered against the response signal, a Lissajous figure
appears. The shape of this figure leads to the impedance. With a perturbing signal of

E(t) = ∆E sin ωt

Fig 5 Lissajous figure for impedance measurement
the response is

As shown in Fig.5., the values of the important variables can be taken directly from the
Lissajous figure.

Impedance
Impedance is a vector of potential that occurs from the cros potentization of the
resistance and it's opposite vector conductance, and the effects of capacitance and
inductance on the electro-potential. (Fig 6) The inverse of Impedance is Admittance.
Admittance and its use
Admittance is the inverse of impedance, and is represented by the symbol Y. In certain
circumstances, admittance is very useful since elements in parallel electrical circuits are
added. The components of the experimental faradaic admittance, as is easily deduced
from previous calculations are

and the theoretical deduction from the Randles circuit for the capacitive contribution, YC
shows that
Y’C= 0
Y C=ω Cd
”

The limiting behaviour, depending on the value of Rct is :
• Rct → 0 (reversible reaction). Y’ = (2σω -1∕2 )-1 ; Y” = Y’ + ω Cd
• Rct → ∞ (totally irreversible reaction) Y’ = σω -1∕2 / R2ct + ω Cd. This is a vertical
line in the complex plane.
These ecuations show the possibility of determination of Cd in the presence of the
electroactive species.
•
•
•

Measurement of Z’ and Z” and substraction of the value of RΩ from the value of
Z’ at infinite frequency, as in Fig, 8
Calculation of Y”f from the formula (11.29a) for each frequency.
Determination of Rct and σ from the values of Y’ (since Y’ = Y’f ).

•

Insertion of the values for Rct and σ in the expression for Y” obtaining the value of

Cd directly.
One assumes that the double layer admittance is that of a pure capacitor. Thus its
value should be independent of frequency. The graphical variation of Y' with Y" is
shown schematically in Fig. 11.9. More details may be found in Ref. 9.
As a final point we call attention to the fact that a plot of Y' vs. E has the same
form as an a.c. voltammogram, i.e. it comprises a peak centred on the half-wave
potential—this because the measured current is inversely proportional to Rct.
Second-order effects
Higher harmonics
A musician learns that on playing a note at a frequency of x Hz, sounds of reduced
intensity at frequencies 2x, 3x, etc. appear. In fact, any periodic excitation leads to the
same type of behaviour.

Until now we have used conditions for which the second and following terms are (or are
supposed to be) negligible, in other words I is linear in E; this corresponds to small
sinusoidal perturbations. The terms in the Taylor expansion are called first harmonic or
fundamental, second harmonic, third harmonic, etc. If we look at the form of a normal
voltammogram (Fig. 8.1) the approximation of a linear system is valid close to E1/2 much
more than in other parts of the voltammogram where the curvature of the I—E profile is
more pronounced.
If we register the second harmonic current vs. d.c. potential, this will have the same form
as the second derivative of the voltammetric curve, as Fig. 8.2 shows. One of the
advantages of the use of the second harmonic is that, since the double layer capacity is
essentially linear, it contributes much less to the second harmonic than to the
fundamental frequency and the calculation of accurate kinetic parameters is much
facilitated.

Other second-order methods
Apart from the second harmonic there are other second-order effects, which are
developed in the techniques of faradaic rectification and demodulation. Both these
techniques are utilized to study systems with very fast kinetics.
Faradaic Rectification
A sinusoidal perturbation gives rise to second harmonics that, for a signal of the type I0
sin ωt, will have terms in sin2 ωt. If we remember that
sin2 ωt = ½(1 — cos 2 ωt)
we see that the response has a.d.c. component. Figure 10 shows visually the origin of
this component in the curvature of the I—E profile.
The use of perturbing frequencies of greater than 1 MHz is possible in this technique.

The d.c. response is obtained through the application of the a.c. signal in short duration
pulses (Fig. 10).

Fig.11 Perturbing signals and responses for (a) faradaic rectification; (b) demodulation type 1;
demodulation type 2.

Demodulation
Instead of applying pulses of sinusoidal perturbations, the amplitude of the perturbation
can be modulated in a sinusoidal fashion (Fig. 11). If ωH is the a.c. perturbation
frequency and ωL the modulation frequency, then the applied signal can be either
sin (ωH t) cos (ωL t)

(11.36)

(Fig. 11.) or
sin (ωH t)[1 + M cos (ωL t)]

(11.37)

as in Fig. 11.. The second-order response to modulation depends on the square of these
terms, which can be shown through trigonometric conversion, such as that in (11.), to be
dependent in the first case on frequencies ωL and 2ωL and in the second case only on
2ωL .The reason for the use of this technique is, once more, to reduce the relative
contribution to the measurements of linear components such as Cd, thus improving the
accuracy.

Fig. 12. Flow diagram for evaluating experimental impedance results

BIOELECTROCHEMISTRY
Introduction
Faraday, Galvani and others showed in their experiments that, many years ago, the
existence of processes occuring in biological systems, which we know have an
electrochemical foundation. Despite the lack of research in this area during the past
century, nobody today doubts the great importance of studying this kind of reactions for
clarifying and comprehending the more relevant biological processes. This is the
objective of a relatively new branch of interdisciplinary research, bioelectrochemistry.
The trivector offers us a way to study the body electric and provide an insight to the
electron transport and electro-reactive states.
Electron transfer occurs in various ways in the biological sphere. New theories suggest
that the molecular electron tranfer is crucial in the biological regulation of organisms'
defence, as well as in the growth of cancerous cells. It has been proposed that many
enzymatic reactions are of an electrochemical nature, the enzymes being not only
catalysts but also conductors between active sites. Other processes linked with
electrochemical reactions are photosynthesis, nerve excitation, blood coagulation,
vision, smell, functioning of the thyroid gland, the origin of the biological electric
potential, etc.
The complexity of biological systems means that it is very important that their study
should be based on firm foundations. Many pieces in the biological puzzle are being
explained in electro-chemical trivector theory, but each piece represents a valuable
contribution towards attaining the goal.
At the present time, with the development of new electrochemical methods and new
electrode materials a large amount of research has been carried out in the
electrochemistry of proteins, enzymes, and cellular components. Nevertheless, much

remains to be done. Electrochemical experiments, in conjunction with other techniques,
may give a better answer to these questions.
We have developed a view of present developments and research in
bioelectrochemistry. It is not possible to describe the electrochemical aspects of all kinds
of biological events and processes occuring in living systems, but some examples will be
presented and discussed to give an idea of the extent of bioelectrochemistry. The
Volt-Ammetric signature have been accurate in measuring nosodes, isodes, allersodes,
sarcodes, and classic homeopathics as determined in many medical references.
The electrochemical interface between biomolecules: cellular membranes,
transmembrane potentials, bilayer lipid membranes, electroporation
A large fraction of biological molecules has dissociable groups in aqueous solution,
giving rise to H (aq) or other cations or anions, the extent of ionization depending on
pH.
Examples of these molecules are amino acids, which exist in the zwitterionic form in acid
solution, and in which the molecule contains an equal quantity of positively and
negatively charged groups. thus, zwitterionic molecules are dipolar ions that can have a
total positive or negative charge or be neutral, according to solution pH.
Membrane lipids are amphiphatic molecules: they contain both a hydrophilic and a
hydrophobic moiety. Molecules of this kind can lead to various types of interface. A
natural example is the cellular membrane, a bilayer arrangement of such molecules, that
marks the frontier between cells. The principal constituents of this membrane are lipids
and proteins (Fig. 13).
Lipids are characterized by a predominantly hydrocarbon structure, are very soluble in
organic solvents and sparingly soluble in water, and have physical properties that are in
agreement with their hydrophobicity. Lipids are divided into several classes or families,
some having a polar part; they have important biological functions besides being
essential membrane components. Links with other molecules are via covalent bonding
or van der Waals forces.
Proteins are made of a large number of L-amino acids united by peptide links
(--CONH--), formed from the carboxyl group of one amino acid and an amine of another
with release of a water molecule. The name protein comes from a Greek word meaning
'of the first importance'. Proteins are constituents of the cell and

the cell membrane. There is a very large number of them, corresponding to different
genetically determined amino acid sequences. Proteins often have a very specific
biological function. Table 13.1 lists some proteins and their electrochemically active
groups that have been studied with the mercury electrode. The active groups are thiol,
bisulphite, prosthetic groups ( acceptors of Fe3+, Cu2+, FAD, etc) and aromatic groups,

double bonds etc., all of them being molecular structures that can effect electron tranfer.
Proteins (because of their amphoteric properties) and nucleic acids (because of their
phosphate groups) are both polyions, exhibiting the behaviour of a polyelectrolyte in
solution. They have been accurate in measuring allersodes as that they are proteins
and phenol compounds that can provoke allergic response. The tivector allersodes
have had quite a record of success in the medical arena.
Cellular membranes are usually made up of approximately 40 per cent lipids and 60 per
cent proteins. These percentages can vary in certain cases: for example, the internal
membrane of mitochondria has 20 per cent lipids and 80 per cent proteins, and myelin
has 80 per cent lipids and 20 per cent proteins.
Fig 14. shows how the lipids are organized in a cellular membrane, forming a bilayer
with the hydrophilic part on the out side and the hydrophobic part on the inside of the
membrane. The proteins can be found on either side of the bilayer or across the bilayer
from one side to the other. Thus the bilayer is not, in reality, a perfect bidimensional
arrangement because the proteins can extens a considerable distance into the intra- or
extracellular phase of the lipid wall.
An electric potential difference is created between the intra- and extracellular layers of

the membrane (Fig. 14), called the surface potential, E . This is due to the ionization of
the amine and carboxyl or other such as thio groups of of proteins, on the surgace of the
membrane, which are oriented according to an asymetric distribution. An electrical
double layer is thus formed.
The variation of the surface potential is given by
ES + ED = EDL
in which ED is th potential difference due to the dipoles and EDL is the potential
difference due to the double layer, obtained from the Poisson-Boltzman equation of a
diffuse layer.
Experimentally is the transmembrane potential difference that is observed by the use of
potential-sensitive fluorescent dyes. Two of the components of the transmembrane
potential difference are an intra- and extracellular potential differences (Fig.14). If is the
potentiol in the interior of the cell and the exterior potential, then the transmembrane
potential, Em , is given, in the case of a simetric membrane where for the two sides
cancels, by

in which
and
are the internal and external surface potentials, respectively, and
expresses the diffusion of ionic species through the simetric membrane (Em = EDiff when
Ei = E0 ). When there is a

sufficiently large charge density on the membrane surfaces, the trans-membrane

potential is determined solely by the difference in surface potentials, the diffusion
potential being negligible. Supposing that the intra- and extracellular electrolyte is
the same, the only difference being its concentration, then for a univalent ion

which has the same form as the Nernst equation. c o is the concentration outside
and c1, the concentration inside the cell.
At equilibrium, E m is called the resting potential, and is affected by the transport of
all ions that can pass through the membrane, which is permeable to almost all
ions. In fact, the important ions are normally limited to sodium and potassium and
resting potentials vary in value from tens to hundreds of millivolts. The trivector
profiles have been accurate in measuring nosodes and isodes as toxic reactions that
can provoke immunoogical response.
It is therefore clear that the Donnan potential for equilibrium potentials (Section
2.11) cannot be used in (14), except in special circumstances, since there are
various components in the total trans-membrane potential. Donnan himself
predicted that the phenomenon would be more complicated for ion transfer
processes between living cells or tissue and the liquids that surround them. This
transmembrane potential is not, however, the only one that can occur in the
membrane.
The fact that the majority of in vivo processes occur on the surface of or within
the membrane and that electrical phenomena are very important in membranes
such as those found in the chloroplast, muscle fibres, nerve fibres, mitochondria,
etc., has recently led to intensive study of the electrical properties of bilayer lipid
membranes (BLM) in an attempt to reproduce a model of the cell membrane.
Membranes of 5-10 nm thickness have been studied, the membranes consisting
of two parallel sheets of lipids with a hydrophobic environment in the interior of
the membrane and the hydrophilic groups directed to the exterior aqueous
medium.
Artificial bilayer lipid membranes (BLM) have an electrical conductivity of K =
10 -14 -10 -2 S cm -1, less than cell membranes by a factor of 10 6. The conductivity is
increased to physiological levels with the introduction of electron acceptors or
proteins in the artificial membranes that form charge transfer complexes with the
lipids, as for solid state lipids.
The similarities between experimental results from lipids in the solid state and in
the membrane can be considered as experimental evidence for a mechanism for
the two states identical to that of semiconductors.
Natural membranes have two interfaces with aqueous solutions, and interfacial
properties, such as surface potential, concentration, and
capacitance should affect ion transfer processes. The interaction of charged
groups on the surface with counter-ions in solution forms electrical double layers.
The surface compartment model (SCM) which is a theory of ion transport focused
on ionic process in electrical double layers at membrane protein surfaces, can
explain these phenomena. The steady state physical properties of the discrete

surface compartments are calculated from electrical double layer theory.
Artificial transmembrane material release and uptake can be achieved by
electroporation. The electroporation technique, dating from 1982, is a very efficient
way of manipulating biological cells and cell tissue, through transient
permeabilization of membranes by electrical pulses. Pulse characteristics are field
strength of 0.1-30 kV cm -1 and 0.01-30 ms pulse duration. Another consequence
of electroporation is that electroporated membranes are more likely to undergo
fusion if two cells are brought into contact (cell electrofusion) as well as to undergo
insertion of foreign glycoproteins and DNA (electroinsertion or electrotransfection).
Although the mechanisms of electroporation, electrofusion, and electroinsertion
are not known, biophysical data suggest that the primary field pulse effect is
interfacial polarization by ion accumulation at the membrane surfaces. The
resulting transmembrane electric field causes rearrangements of the lipids such
that pores are formed. Electropores anneal slowly (over a period of minutes) when
the pulse is switched off.
The direct electroporative transfer of genes, i.e. DNA (electrotransfection), to
transform cells is of great interest for molecular biology, genetic engineering,
therapy, and biotechnology. Other nucleic acids and proteins can also be
efficiently transferred to recipient cells, microorganisms, and tissue. The main
advantage of electroporative gene transfer is that intact, chemically untreated cell
material can be transferred with high efficiency. In particular, the stable
electrotransformation of intact bacteria, yeast, and plant cells is an important
biological and biotechnological challenge.
Nerve Impulse and Cardiovascular Electrochemistry
The importance of transmembrane potentials in cells has been demonstrated. Since the
cells are totally enclosed by a membrane they naturally form an electrochemical cell.
The cellular fluids contain sufficient concentrations of sodium, potassium, and chloride
ions to be a good electrolyte, and potential differences originate in the intra- and
extracellular membrane surfaces. We now discuss what happens when there is an
external depolarizing or hyperpolarizing stimulus in the cases of the nerve impulse and
cardiovascular problems. The action potential is the response to the stimulus which puts
the biological electrochemical cell outside equilibrium. They have been accurate in
measuring sarcodes and other hormonal, enzymatic, and interstitial reactions. These
reactions depend on a shape receptor stimulus that recieves a three dimensional shape
signal. The receptor sites also stimulate neuorological reactions.
The nerve impulse
The nerve cell membrane separates the external from the internal cell fluid, as does any
cell membrane. As is true of virtually all cells, the intra- and extracellular fluids are
electrolytic solutions of almost equal conductivity, but their chemical composition is very
different. The ions present in largest quantities are sodium and potassium. The species
in the external fluid are made up of more than 90 per cent sodium and chloride ions: in
the cell interior there are principally potassium and organic ions that cannot pass
through the membrane, only 10 per cent of the ions being sodium and chloride.

The nerve impulse is called the action potential, and consists principally of two events
that occur consecutively: an influx of positive charge

through the membrane due mostly to the movement of sodium ions into the cell,
followed by the efflux of positive charge, mainly due to potassium ions. The
interpretation of this phenomenon by Hodgkin and Huxley is that these
movements reflect a transient opening of the membrane to sodium ions and then
to potassium ions. Propagation of this impulse along the nerve is based on
different kinds of transfer of the excitation: ion movement through the aqueous
phase in and around the nerves, conduction by non-electrolytic carrier molecules,
(for example acetylcholine at synapses), sometimes of a solid-state
semiconductor type (Szent–Gyorgyi, a famous Hungarian, mechanism), etc.
Propagation of the impulse is the basis for communication through the nervous
system.
The mathematical equations describing the ionic currents are empirical, but there
is now proof for the existence of membrane-spanning proteins that act as
channels for sodium and potassium ions and that open and close in response to
changes in membrane polarization.
The nerve impulse, or action potential, may or may not be linked to an electric potential

difference but has propagative characteristics. The action potential is caused by the
opening of the membrane to the entry of sodium ions. After the passage of the nerve
impulse, the membrane tends to recover (Fig. 15), returning to its initial state. This
occurs through an active transport mechanism of sodium from the interior to the exterior
of the cell that involves a membrane-spanning enzyme, Na,K-ATPase. For each ATP
molecule split by the enzyme, three sodium ions leave the nerve and two potassium ions
enter, causing a net movement of charge through the membrane, which contributes to
the transmembrane potential difference. This process is called the electrogenic sodium
pump (Fig. 16). This pump is responsible for maintaining the transmembrane

resting potential, as it keeps the potassium concentration gradient constant.
Muscular contraction involves a similar process, since it is stimulated by the nerve

impulse, and an action potential along the muscle membrane carries the impulse to the
actin and myosin fibres. The muscle action potential causes the release of calcium ions
from stores in the sarcoplasmic reticulum, and the interaction of actin and myosin
provokes muscle contraction.
Figure 17 shows a scheme for excitation–contraction coupling of a skeletal muscle.
Cardiovascular problems
The mechanism leading to the formation of a blood clot has been much studied. It
comprises a reaction sequence whose kinetics is not very clear, but there is no doubt that
the initial step is an increase in the potential of the blood vessel walls, which are
negatively charged in the normal state.
Investigation of coagulation is more easily carried out i n vitro. Although the two processes
are similar, it is necessary to be cautious in comparing i n v i v o and in vitro mechanisms.
The clot formed in a test tube is different from that formed in the vascular system.
Coagulation i n vitro consists of a fibrin net in which there exist white and red cells and a
small number of platelets. I n v i v o , the clots consist of large amorphous masses of
platelets surrounded by white cells and very few red cells.
Blood coagulation factors are responsible for the coagulation phenomenon that

occurs in a reaction sequence, sometimes called the cascade system. Cyclic
voltammograms of fibrinogen, thrombin, and prothrombin at platinum electrodes in ionic
and pH conditions similar to blood showed the influence of oxygen and of adsorption
phenomena occurring at the same time as electron transfer.
Experiments showed that coagulation increases for applied potential differences greater
than +0.2 V vs. NHE; below this value, clot formation is very small. The rest potential of
various materials used for vascular prostheses and cardiac valves was determined. In
Table 17.2 some of the materials tested are mentioned. It was concluded that metallic
electrodes with a negative potential vs. NHE in the blood are anticoagulant while those
with positive potential are coagulant. Unfortunately, the metals most useful for
prostheses are the most easily corroded: those of platinum and gold, not corroded, are
unsuitable because of their positive rest potentials. Attempts to resolve the problem
have utilized prostheses of plastic materials compatible in terms of their qualities of

physical resistance, durability, etc. with their end use.
In the same way, the mechanism of action of drugs and coagulant and anticoagulant
medication takes place through the variation of surface charge in the blood vessels.
The mechanism of blood coagulation is very complex, and has been the object of
scientific and clinical investigation for more than a century. The study of the mechanisms
of the electrochemical reactions involved in cardiovascular processes and the selection
of anticoagulant drugs and thrombogenic prosthesis materials, to be successful, needs
to be carried out simultaneously through haematological and electrochemical research.
Oxydative phosphorylation
The electron transfer processes that occur within the membrane, such as for
example, phosphorylation (Fig. 18), are well known, but their mechanisms remain
unexplained. These electron transfer processes are of primary importance in two
types of membrane; chloroplasts in photo-synthesis, and mitochondria in
respiration. The electon transfer chain takes place thru a quantic energy shell
step process that is not describable with thermodynamics. It is a quantic
process.
As an example we use mitochondria (Fig. 17.6). These are small corpuscles that
exist in large quantities within cells. They possess an exterior and an interior
membrane where the enzymes cytochrome b, c, c 1 , a and a 3 , ATPase, and
NADH are located. The interior membrane, of non-repetitive structure, contains
80 per cent protein and 20 per cent lipid. The Gibbs free energy variation of the
conjugated redox pairs is given by the formal potential, according to

In the respiratory chain we start from the system NAD/NADH 2 (EӨ’ = -0.32 V) and
reach the system 0 2 /H 2 0 (E Ө’ = +0.82 V). The free energy change is thus -220 kJ
mol -1 , but this tells us nothing about the mechanism of action of the
mitochondria.
Some of the steps of the electron transfer mechanism in biological membranes
are known, as they are for the associated proton transfer

mechanism. This proton flux, which accompanies the electron transfer, creates a proton
gradient through the membrane and a potential difference given by

leading to the so-called p r o t o n p u m p .
The energy released by electron transfer can be used in the transport of protons through
the membrane. One of the proton conduction mechanisms in proteins is through a chain
of hydrogen bonds in the protein, i.e. a Grotthus mechanism (Section 2.9), similar to the
mechanism of proton movement in ice. Protons are injected and removed by the various
oxidation/reduction reactions which occur in the cell: there is no excess of protons or
electrons in the final balance, and the reaction cycle is self-sustaining.

Bioenergetics
Bioenergetics is the study of energy flow in living organisms. In recent years new
electrochemical techniques have been developed and existing ones perfected in order
to allow the study of these processes. Despite the importance of thermodynamic data in
understanding the reactions, there is increasing interest in the investigation of the

kinetics and mechanism, through the use of voltammetric techniques, especially using
mediators.
The mechanisms of mediator action may be as follows:
1.The mediator is generated electrochemically and reacts with a biological molecule by
homogeneous electron transfer;
2.The mediator is linked to the electrode surface, forming a surface-modified electrode,
and the biological molecule links itself to the mediator layer by heterogeneous electron
transfer.
In studying the kinetics of heterogeneous electron transfer in biomolecules, it is very
important to take into account the solution conditions and electrode material. Mercury and
platinum were the most used electrodes until 1970. After that, work done with glassy
carbon, metallic oxide semiconductors and chemically modified electrodes began to
appear. Proteins such as cytochromes c, c3 , c7, b3, and P450, myoglobin, haemoglobin,
ferridoxin, peroxidase, and catalase are some of the most studied compounds. A cyclic
voltammogram of ferricytochrome c at a gold electrode is shown in Fig. 19.

There are groups of natural compounds that have a special position in the study of
energy flow through living organisms, for example in the sequential exergonic oxidation
of food. Lavoisier in the eighteenth century defined in a simplistic way the food
metabolism of living organisms as being essentially combustion: food and oxygen are

ingested, and carbon dioxide and water are ejected—the same total reaction as if the
food was burnt. The correct elucidation of the mechanisms by which energy is stored in
molecules such as carbohydrates, fats, and proteins, is a difficult challenge, as is how
this energy is released to produce work in a controlled fashion.
In an intact cell, not all the energy release that occurs with the degradation of some
compounds (catabolism) can be utilized in the synthesis (anabolism) of other cell
components. This is a consequence of the dissipation function, which expresses the
rate of loss of free energy in the thermodynamic coupling of two non-reversible
processes, with one releasing and the other requiring energy. Since not all the energy
released can be used, external energy from for example, photosynthesis, is necessary.
There is also the possibility of energy retention in some chemical systems, which can be
used in a controlled and efficient way when necessary. Indeed, some authors consider
that organisms operate as fuel cells.
Bioelectrocatalysis
Enzymes are extremely important biomolecules because of their catalytic power and
extraordinary specificity, superior to any synthetic catalyst.
The activity of redox enzymes as biological catalysts depends, in some cases, on their
protein structure. In other situations the presence of non-proteic cofactors is necessary;
the cofactors can be metals in the case of metalloenzymes, or organic molecules in the
case of coenzymes (Table 19.1).
Bioelectrocatalysis can be defined as the group of phenomena associated with the
acceleration of electrochemical reactions in the presence of biological catalysts—the
enzymes.
For various reasons, it was only in the 1970s that enzymes began to be used as
bioelectrochemical catalysts. Some of the reasons were difficulty in preparation of pure
enzymes, their instability, and the lack of multiple applications. These problems have
been largely overcome, and better purification methods and enzyme immobilization
methods on electrode surfaces have been developed.
The principal applications of biocatalysts in electrochemical systems can be
summarized as:
• development of biological catalysts for electrochemical applications, better than the
existing inorganic catalysts
• development of bioelectrochemical systems that lead to substances of an organic
nature with applications as fuels
• development of highly sensitive electrochemical sensors, applying the specific
nature of enzymes' activity.
• quantic energy chains of electron transport offer energy and information states,
• electro magnetic static properties of field attraction for mimimal energy requirements
• shape theory, topology, of energy transfer happens via many pathways, not just
chemical but electronic and more

Despite their complexity, enzyme reactions follow kinetics of conventional
chemical reactions.

where , E0 is the enzyme and S the substrate (reagent) in the Michaelis-Menten
formulation. The reaction rate is

With E0 the initial concentration of free enzyme and KM the Michaelis-Menten
constatnt, given by( k-1 + k2 )/ k1 .
It should be noted that there is, for enzymes:
• a proximity effect, a great affinity between enzyme and substrate
• a very strong orientation effect between the cofactors and the
enzyme’s active centre
•
a proximity effect of electronic trivector signals for information
transfer

•
•

an intramolecular catalysis effect owing to nucleophilic and electrophilic groups
an effect from the polarization of the electroactive groups of the enzyme that
causes a redistribution of electron density and activation of the substrate.

One of the models proposed for a possible enzyme redox reaction mechanistic
pathway suggests (Fig. 20) that the enzyme contains simultaneously a part that acts as
a solution cathode containing a so-called cathodic system where reduction occurs, and
another that acts as a solution anode where there is oxidation. The total charge transfer
for the whole chemical reaction is therefore zero. This model is not completely correct,
but the concept of a total chemical reaction without electron transfer to the exterior of the
enzyme, although controlled by electron transfer, is interesting.
The explanation for biological enzyme conduction in enzyme oxidoreductases is not yet
known, and could be an electron or proton transfer. However, there is no doubt that
there is charge transfer from the cathodic to the anodic points.
Some methods for using enzymes in accelerating electrochemical processes have been
developed and are shown in Fig. 21. In cases a and b there is an enzyme reaction
whose intermediates, S*, undergo electrochemical transformation at a much lower
overpotential than the initial substrate, Sred

Sred = S* + Sox + neIn c, d, and e we have the typical case of a bioelectrocatalyst where, through a mediator,
there is electron transfer between the electrode and the enzyme active centre where the
substrate is in its turn activated and reacts. In c the components are in solution; in d and
e the mediator or the enzyme are immobilized on the electrode surface, the electron
transfer reaction occurring between mediator and electrode. In case f we have the ideal
situation: direct electron exchange between the electrode and active centre of the
enzyme, the mediator being eliminated. It is, nevertheless, very difficult to reconcile the
enzyme characteristics and the electrochemical process, and it continues to be
important to find adequate mediators and enzyme immobilization procedures.
As described above, the mediator is a compound that serves as intermediate between
enzyme and electrode. Mediators need to have certain electrochemical properties, for
example:
• the reaction between mediator and enzyme active centre must be rapid, that is the
mediator itself must be a specific substrate for the enzyme

•

the redox potential of the mediator must be very close to that of the reaction

•
•

studied
the oxidation—reduction reaction between mediator and electrode material must
be sufficiently fast to be in conditions close to reversibility
a proximity effect of trivector energy information exchange via electron
transport

Work is being carried out with a view to the study and development of optimum
mediators.
The enzyme immobilization process is normally accompanied by a reduction in
activity. Nevertheless immobilized enzymes have several advantages over soluble
enzymes:
•
•
•
•
•

a lesser total quantity of enzyme is required, and immobilized enzymes can be
reused
the process can be operated continuously and can be readily controlled
the products are easily separated
effluent problems and material handling are minimized
in some cases enzyme properties, activity, and stability, can be altered favourably
by immobilization

However, methods that lead to high-yield immobilization in water-insoluble matrices, that
is, a small loss in enzyme activity, have been developed, Fig. 22.
Each method of immobilization has specific limitations, and it is necessary to find an
appropriate procedure for any particular enzyme and an application that is simple, not
too expensive, and leads to an immobilized enzyme with good retention of activity and
good stability.
The principal immobilization methods for bioelectrocatalysts are:
1. Physical immobilization methods: there is no chemical modification of the enzyme.
•

Immobilization by adsorption. This is the simplest method and consists in
enzyme adsorption due to electrostatic, electromagnetic, trivector, hydrophobic
or dispersive forces on the electrode surface. The disadvantage is the high
probability of enzyme desorption and denaturing.

•

Immobilization by inclusion in gel is based on coupling enzymes to the lattice of
a polymer matrix or enclosing them in semipermeable membranes. The enzyme
does not bind to the matrix, so this method can be used for almost all enzymes,
other biocatalysts, whole cells, or organelles, and the enzyme shows little
deactivation compared with other

immobilization methods. Disadvantages are the possibility of enzyme leaving the gel net
and the non-conducting properties of the gel.
2. Chemical immobilization methods. These can be accomplished via the formation of
an array between the enzyme and surface active groups or via covalently linked
transporters. The advantage is that the enzyme cannot escape to solution; the
disadvantage is that partial or total enzyme deactivation can occur during immobilization
owing to the formation of additional chemical links.

Research into new enzyme immobilization methods directly on the electrode surface is
in progress.
Table 17.4 gives a classification of immobilization methods for in-soluble enzymes that
combines the nature of interaction responsible for immobilization and the nature of the
support.
The mechanism and theory of bioelectrocatalysis is still under development. Electron
transfer and variation of potential in the electrodeenzyme–electrolyte system has
therefore to be investigated. Whether the enzyme is soluble and the electron transfer
process occurs through a mediator, or whether there is direct enzyme immobilization
on the electrode surface, the homogeneous process in the enzyme active centre has to
be described by the laws of enzyme catalysis, and the heterogeneous processes on
the electrode surface by the laws of electrochemical kinetics. Besides this there are
other aspects outside electrochemistry or enzymology. Fundamental research in
this dominion will elucidate the mechanisms of action of bioelectrocatalysts and
develop the scientific basis for the appearance of optimized bioelectrochemical
catalysts.
Bioelectroanalysis

Bioelectroanalysis is a new area in rapid development within electroanalysis. The
use of biological trivector components: enzymes, hormones, antibodies, etc., to
detect specific compounds has led to the development of the EPFX biosensors.
A large part of analytical chemistry is linked to the qualitative and quantitative
analysis of relatively simple species in complex matrices where various types of
interferences occur. Bioelectroanalytical sensors permit the analysis of species
with great specificity very rapidly, being sensitive, highly selective and, in
principle, cheap. They can be used in clinical analysis, in on-line control
processes for industry or environment, or even i n v i v o .
Bioelectrochemical sensors can be divided into two groups: potentiometric and
amperometric. Since the description by Clark of the first electrochemical biosensor
based on the oxygen electrode, many potentiometric and amperometric sensors
using enzymes and other materials have been designed and applied.
In potentiometric sensors a membrane or surface sensitive to a species generates
a potential proportional to the logarithm of the concentration of the active species,
measured relative to a reference electrode. The use of potentiometric electrodes
in clinical analysis began at the beginning of the century with the pH glass
electrode. Other electrodes for measurement in blood, such as ion-selective
electrodes for sodium, potassium, lithium, and fluorine followed 45. An important
development was the appearance of the potassium electrode using valinomycin as
neutral charge carrier.
The recently developed field-effect transistors (FETs) have also been used as
biosensors. The ion-selective field-effect transistor (ISFET) uses ion-selective

membranes, identical to those used in ion-selective electrodes, over the gate.
Enzyme-selective trivector electrodes (Fig. 24) have been made as a membrane
containing immobilized enzymes placed over a pH electrode or over a gas
electrode such as an ammonia electrode for potentiometric detection, or over an
oxygen electrode for amperometric detection. The trivector products of the
reaction of enzyme with substrate are detected by the electrode.

Amperometric sensors measure the current produced by chemical reaction of an
electroactive species at a constant applied voltage, volt-ammetric trivector signal which
is related to the concentration of the species in solution. Most biologically relevant
compounds, such as glucose, urea, cholesterol, etc. are not electroactive and it is
necessary to create an adequate combination of reactions to produce an electroactive
species. Moreover, in many cases the selectivity given by a constant applied potential is
not sufficient to discriminate between various electroactive species, and extra selectivity
is required. Enzymes can provide this selectivity and sensitivity. Unfortunately, the ideal
solution of direct immobilization of enzymes on electrodes (Section 17.6) tends to result
in a significant loss of enzyme activity. Thus, the following two methods have been
developed: one is placing membranes containing an immobilized enzyme over the
electrode and the other is attaching mediators followed by the enzyme to the electrode
surface (Fig. 25). Great care has to be taken in choosing mediators for a given enzyme
reaction.
Conducting organic salt electrodes directly coupled to oxidases have been described
such
as,
for
example,
N-methylphenazinium
(NMP+)
cation
and
tetracyanoquinodimethane (TCNQ ) anion as an electrode material for facilitating
electron transfer of glucose oxidase. Results with other salt cations, such as

tetrathiafulvalene (TTF+) and quinoline (Q+), have been reported.
Electrochemical trivector volt-ammetric biosensors have the great advantage of being
more economic

than other methods and with rapid response and possibility of automation enabling a
high sample throughput. The determination of about 80 different substances including
substrates, cofactors, prosthetic groups, enzymes, antibodies, inhibitors, and activators
using electrochemical biosensors has been proposed42.
The use of biosensors for industrial and environmental analysis is very important for the
control of food manufacturing processes, for the evaluation of food quality, for the control
of fermentation processes and for monitoring of organic pollutants.
In environmental analysis biosensors have been developed for three major applications:
• the assay of environmental inorganic compounds such as nitrate, phosphate, and
organic compounds such as methane, NTA, monomethylsulfate or dimethylformamide;
• monitoring of parameters such as biologically dissolved oxygen;
• the determination of toxic or mutagenic materials. (Homotoxicology)
Biosensors have great advantages over spectrophotometric methods in the relatively
little time consumed, ease of operation, and relatively low cost. Sensors using
immobilized microorganisms instead of enzymes are being developed for environmental
analysis.
Microbial sensors are based on the contact between an electrode and immobilized living
cells. The electrode converts the biochemical signal from the microorganism into an
electric potential, for example the release of oxygen is registered as a current at
constant potential at the Clark electrode. There are some advantages in the use of
microbial sensors in relation to other enzymes for electroanalysis: there is no necessity
to purify the microbial cells, the sensor is regenerated by immersion in a nutrient solution
of the microbial culture (it is an in vivo sensor), there is no cofactor regeneration, and
the cells fully catalyse metabolic transformations, which is not possible with just one
enzyme. But there are also major disadvantages: the response time is long and the
selectivity is low.
Microelectrodes have been finding many possible applications due to their miniaturized
geometry and possibility of in vivo applications, although biocompatibility of the

materials used, the need for sterile conditions in implantation of the electrodes, and the
risk of immune reactions or thrombosis are still major difficulties for any practical
application of i n vivo techniques.
The problems that occur with i n vivo experiments are not completely solved. The points
where the implanted electrodes cause tissue damage are rapidly regenerated and
covered by conjunctive tissue or even by antibodies from electrode rejection. The
formation and growth of conjunctive tissue is influenced by the form and nature of the
electrode material. A material's biocompatibility is defined as its ability to perform with an
appropriate host response in a specific application''. Therefore it is important to develop
biomaterials for i n vivo sensor applications, since neither the conjunctive tissue nor the
antibody layer on the electrode is conducting, and a large decrease in electrode
response after implantation is observed.
Electrochemical detectors have been used after high-performance liquid
chromatography separation for the determination of catecholamines and similar
metabolites. Catecholamines constitute a group of compounds of great biological
interest, some being normally present in the chemical neurotransmission processes,
others being neurotoxins'' that can be responsible for schizophrenia, depression, and
some mental perturbations, like Alzheimer's disease. There have been attempts to study
their mechanism of action i n v i v o . Nevertheless, the simultaneous appearance of
ascorbic acid has made these investigations more difficult.
Microelectrodes are also used in electrophysiology as sensors of potential in intra- and
extracellular measurements to study ion transport at the molecular level and to obtain
measurements of the current passing through a single ion channel, as in the
patch-clamp technique. Analysis of electroencephalograms, electromyograms, and
electrocardiograms, all measuring electrical signals generated in the human body, has
been of great importance in the detection and treatment of the respective perturbations.
The measurements are made through thin wires or electrodes of Ag|AgCl placed on
the surface or in the interior of the organ that is to be analysed. For safety reasons the
electrical signals from the body are converted into optical signals, then reconverted into
electrical signals, using opto-isolators, to isolate the body electrically from the
signal-processing instrument. This is one of the safety factors of the EPFX.
Future perspectives
Much remains to be done in the field of bioelectrochemistry, although it has
already demonstrated great possibilities in elucidating biological reactions. The
topics described can be consulted in greater depth in the recommended literature.
Our objective in this treatise has been to call attention to a fascinating and
stimulating branch of electrochemistry in rapid development but still in its infancy.
It will certainly contribute a great deal to the understanding of the kinetics and
mechanisms of biological phenomena such as selectivity in ionic transport,
excitability of membranes, nerve impulse conduction, muscle contraction,
photosynthesis, energy conversion and storage, effects of hormones and drugs,
clotting of blood, and many others.

The Laplace Transform Mathematics
Introduction
The Laplace transform is essential in order to transform a partial differential equation
into a total differential equation. After solving the equation the transform is inverted in
order to obtain the solution to the mathematical problem in real time and space. The
Xrroid proces use this in a fuzzy non-linear mathematical for data analysis of the
patient's volt-ammetric reactance to a trivector signal.
The occurrence of partial differential equations in electrochemistry is due to the
variation of concentration with distance and with time, which are two independent
variables, and are expressed in Fick's second law or in the convective-diffusion
equation, possibly with the addition of kinetic terms. As in the resolution of any
differential equation, it is necessary to specify the conditions for its solution, otherwise
there are many possible solutions. Examples of these boundary conditions and the
utilization of the Laplace transform in resolving mass transport problems.
The transform
The definition of the Laplace transform f (s), for a function F(t), is

where s is a number sufficiently large for the integral to converge; L represents the
transform. A simple example is
F(t) = exp(αt)
Then

Normally, instead of calculating the transform or its inverse, a table is consulted which
gives the result directly. Table A1.1 shows useful examples, some of them easy to
verify.

Important Properties
The Laplace transform has some properties which are extremely useful in aiding in the
resolution of equations in electrochemistry and other branches of science.
1. The transform is linear
L {aF(t)+ bG(t) = af (s) + bg(s)
2. The transform of a derivate is

If F(t) is redefined such that F(0) = 0, then F(0) disappears. An example would be a
dimensionless concentration variable

giving

Note that the bar over the symbol γ represents the fact that the dimensionless
concentration was transformed. All variables not subjected to direct transformation
remain as they were before applying the transform.
3. The transform of an integral is

which involves, in the Laplace domain, simple division by the Laplace variable.
4. Inversion, when not corresponding to a tabulated expression, can often be made
possible by separation of the solution in the Laplace domain into two parts which are
tabulated, by means of the convolution integral

In other cases functions have to be written as their series expansions; this process can
lead to errors, especially in expansions which contain terms alternately positive and
negative.

The Fourier Transform
If, in the Laplace transform we write
s = iω
we obtain

which is the Fourier transform. This is, therefore, a special case of the Laplace
transform, and corresponds to a transformation from real time to the frequency domain.
Its importance is principally for the registering of frequency spectra, as in impedance
studies (Section 11.12). It is particularly useful when low frequencies are being applied
to a system and the response contains high-frequency noise—the noise is rejected by
the transform, equivalent to filtering.
Any trivector waveform can be described by a Fourier series y(t), involving the
summation of sinusoidal waves of different frequencies, phases and amplitudes:

where An is the amplitude of component n with frequency nω0/2π Hz and phase angle
Φn. Numerical algorithms for synthesizing the trivector waveform exist: generally the
Fast Fourier transform (FFT) is employed in the EPFX data analysis, which also
performs the inversion, greater rapidity being given by computer control. An example of
the approximate superposition of sinusoidal waves to give an approximate square wave
is shown schematically in Fig. 26.

PRINCIPLES OF BIO PULSED CIRCUITS
Introduction
The electrochemical response to an alternating curent or a bio-pulsed impulse
perturbation is very important in impedance techniques. This response cannot be
understood without a knowledge of the fundamental principles of alternating
current circuits, which is presented in this discussion
We consider the application of a sinusoidal voltage
V = V 0 sinωt

(A.2.1)

where V 0 is the maximum amplitude and ω the frequency (rad s -1 ) to an electrical
circuit that contains combinations of resistances and capacitances which, it is
hoped, will adequately represent the electrochemical cell. The response is a
current, given by
I = I 0 sin(ωt + ᶲ)

(A.2.2)

where
ᶲ is the phase angle between perturbation and response. The
proportionality factor between V and I is the impedance, Z. Impedances consist
of resistances, reactances (derived from capacitive elements) and inductances.
Inductances will not be considered here, as for electrochemical cells, they only
arise at very high frequencies (>1 MHz).
The problem of application of a sinusoidal current and response as a modulated
potential obeys analogous mathematical considerations and will not be discussed.
Resistance

In the case of a pure resistance, R, Ohm's law V = IR leads to

(A.2.3)
and

ᶲ = 0 . There is no phase difference between potential and current.

Capacitance
For a pure capacitor

(A2.4)
Substituting for dV/dt, using A2.1, one obtains

By comparing with A2.2, we see that

ᶲ = π/2, that is the current lags behind the

potential by π/2. X c = (ωC) -1 is known as the reactance (measured in ohms).
Representation in the complex plane
Given the different phase angles of resistances and reactances described above,
representation in two dimensions is useful. On the x-axis the

phase angle is zero; on rotating anticlockwise about the origin the phase angle
increases; pure reactances are represented on the y-axis. The distance from the origin
corresponds to the amplitude. This is precisely what is done with complex numbers as
represented vectorially in the complex plane: here the real axis is for resistances and the
imaginary axis for reactances. By convention, the current is always on the real axis.
Thus it becomes necessary to multiply reactances by —i (V—1) (Fig 27).
Resistance and capacitance in series
We exemplify the use of vectors in the complex plane with a resistance and capacitance
in series (Fig. A2.2a). The total potential difference is the sum of the potential
differences across the two elements. From Kirchhoff's law the currents have to be equal,
that is
I = I R = Ic

The differences in potential are proportional to R and X c, respectively. Their
representation as vectors in the complex plane is shown in Fig. 28. The vectorial sum of
-iXc and of R gives the impedance Z. As a vector, the impedance is

Z = R - i Xc
The magnitude of the impedance is

Often the in-phase component of the impedance is referred to as Z' and the
out-of-phase component, i.e. at π/2, is called Z", that is Z = Z' + iZ". Thus for this case
Z' = R ,

Z"= -Xc

This is a vertical line in the complex plane impedance plot, since Z' is constant but
Z" varies with frequency, as shown in Fig. A2.2b.
Resistance and capacitance in parallel
The circuit is shown in Fig. A2.3a. The total current, I tot is the sum of the two parts,
the potential difference across the two components being equal:

We need to calculate the vectorial sum of the currents shown in Fig.28. Thus

The magnitude of the impedance is

which is equal to the RC series combination (equation (A2.10)).

From (A2.12) we see that

This is easily separated into real and imaginery parts via multiplication by (1 – iωRC).
Thus

This is a semicircle in the complex plane (Fig. A2.3c), of radius R/2 and
maximum value of IZ"I defined by ωRC = 1.
Impedance in series and in parallel
Impedances can be combined in the same way as resistances:
in series: Z = Z 1 + Z2
in parallel: 1/Z = 1/ Z 1 + 1/Z 2
Admittance
Admittance is the inverse of impedance, that is
Y = 1/Z
It is represented by the symbol Y, and can be especially useful in the analysis of
parallel circuits, since admittances for elements in parallel are summed directly in
the same way as one sums impedances for elements in series (and vice versa).
If the components of the impedance and admittance in phase are represented
by Z' and Y' respectively and the components with phase angle of t / 2 represented
by Z" and Y", then

where G P is the conductance and B P the susceptance.
The Kramers—Kronig relations
An electrical system with linear properties does not generate harmonics in
response to the perturbation signal, and the response to two or more
superimposed excitation signals is equal to the sum of the two responses obtained
by excitation independently. With electrochemical systems this linearity is possible
to a good approximation for perturbations rather less than the thermal potential
(kB T/e) = 25 mV at 298 K.
Since almost all equations used in impedance methods are derived assuming linearity, it
is important to have some means of verifying this supposition. The Kramers—Kronig
relations link Z' with Z" and allow the calculation of values for Z" at any frequency from a

knowledge of the full frequency spectrum of Z', and vice versa.
The relations are

Although these have been applied to electrical systems for over 80 years, only recently
have they been applied to electrochemical systems.

DIGITAL COMPUTER INTERFACE THE EPFX
Introduction
The theoretical solution to the equations for electrode processes nearly always has to
involve approximations, not only for numerical but also for analytical solutions—such as,
for example, the assumption that there is no convection within the diffusion layer of
hydrodynamic electrodes. In other cases, of complex mechanism, it is not even possible
to resolve the equations algebraically. There is another possibility for theoretical
analysis, which is to simulate the electrode process digitally.
Digital simulation has two aims:
• to compare solutions obtained analytically and numerically and examine the
agreement between the two methods
• to solve equations when algebraic solution is not possible.
The accuracy of the result obtained by simulation depends on the increments used in
the variables (distance, time, concentration, etc.), and thence the computation time.
Care must be taken not to introduce apparently small errors which can be propagated
and grow along the simulation. Also, it should always be remembered that the
experiment is correct; what may be wrong is our interpretation of the results, that is the
simulation model.
Only an introduction to digital simulation will be given in this treatise. Extensive
treatments exist, such as those in the EPFX.

Stimulation models

The method normally used in simulation is the finite difference method. The solution is
divided into small volume elements within which concentrations are assumed to be
uniform. Time is also incremented.

The example to be given is semi-infinite linear diffusion to a planar
electrode—concentration variation is only perpendicular to the electrode. Fick's second
law is

Three successive volume elements have concentrations ci-1, and ci+1 (Fig. A3.1), and
the time increment is ∆t. It is not difficult to show, by Taylor series expansion, that (A3.1)
transforms into

where ci is the concentration in element i at time (t + ∆t). To do the computations
boundary conditions have to be introduced, and particularly the initial conditions. It is
also necessary to decide whether the starting point is the electrode surface or bulk
solution.
The calculation can be done in two distinct ways:
1.Consider the elements as boxes—but should the electrode surface be in the middle
of a box (these coordinates always have to be used in order to define the position of the
box) or at the interface between two boxes? In the past the electrode surface has been
put in the middle of a box, but this procedure has been criticized as not corresponding to
physical reality.
2.Use as coordinates the points halfway between the interface of adjacent elements,
calculating the variation of concentration with time at these points. In this case there is
no problem with the positioning of the electrode surface, as it is at the edge of a box.
The simulation formulae are the same. This method can be particularly advantageous
for non-planar electrodes as it is not necessary to decide on the three-dimensional
shape of the elements; only the position of the points matters.
This example is relatively simple. When there are convection, migration, or kinetic
terms the simulation equations obviously become more complex.
Another method much used by engineers in solving heat transfer problems by digital
simulation is the finite element method5; given the similarities with mass transfer in
electrochemistry, it can also be used. After dividing the space into elements the
variables for each element are defined by polynomials, the sum total for all space being
known. An expression in matrix form permits the calculation of the values of the
variables for each element. Up until now, applications have been few.
Implicit methods
In the last section we considered explicit expressions which predict the concentrations in
elements at (t + At) from information at time t. An error is introduced due to asymmetry
in relation to the simulation time. For this reason implicit methods, which predict what will
be the next value and use this in the calculation, were developed. The version most
used is the Crank—Nicholson method. Orthogonal collocation, which involves the
resolution of a set of simultaneous differential equations, has also been employed.
Accuracy is better, and the necessity of specifying the conditions can be met for a
complex electrode mechanism. In this case the finite difference method is preferable.

As implicit methods need much computation time it is important to minimize the number
of elements as much as possible. Far from the electrode the variation in concentration is
relatively small in comparison with the variation close to the electrode and,
consequently, elements can be larger; this leads to elements of non-equal size or to
non-equal intervals. It is useful to employ functions that reproduce the variation within
the intervals to a good approximation. Some examples are shown in Fig. 30,
By taking the static trivector voltammetric signals from the QQC, we can input them into
a patient and see the reactive trivector volt-ametric response of the patient. this is a safe
form of electro-chemistry used in a volt-ammetric context.
Our computer analysis of the signal echo responses gives us a way to understand the
body's reactions or aberrant reactions to allersodes, isodes, nosodes, sarcodes,
classical homeopathics, and other natural compounds.

Summary
1. The liquid crystal nature of the polar substance water is a well known scientific
principle. The liquid crystal of water can take on a somewhat stable shape.
2. The memory of water to retain and return to it’s crystal polymorphic shape structure
is also well known. (This memory is destroyed by
a. Heat above 55 degrees Celsius
b. Strong oder such as camphor,
c. Ionizing
radiation (X-rays).
Magnetic fields can distort the shape, but the water memory will return after the
magnetic field is discontinued. This is the principle of magnetic resonance imaging
(water Hydrogen proton Quantic memory). MRI is a quantic phenomena. Water will
remember it’s crystal structure and always seek to find it’s last stable shape or
polymorphic crystal state)
3. Electrochemistry (polarography, Polography, chronopotentiometry, volt-ammetry) are
standard accepted scientific principle. of modern chemistry for chemical analysis. The
shape of the polar stucture of water effects the resonance and reflective patterns of
electro-potential current with a changing voltage, to produce a three dimensional
(trivector) shape volt-ammetric signature for the substance suspended in the water.
Standard Chemical analysis techniques modified for use in homeopathy. International
Trademarked QQC, Patents, registration listed.
4. The dynamics of the chemical information transfer of hormones through shape
receptors in the cell is the basis of all pharmacology. All hormones work by stimulating
these shape receptors. The plasticity of these receptors has allowed synthetic chemistry
to appear to work. Shape receptor stimulus is our fourth scientific principle. These shape
receptors all work by recieving the volt-ammetric, electro-chemical pattern. The atoms
and molecules have electro-magnetic fields that trigger the receptor site. The lock and
key analogy is not quite appropriate. It is more of magnetic strip trigger with a field
reaction, than a physical key into a lock. All of biology is a study in voltammetry or
Electro-Chemistry. this is the most modern thoughts in a new modern medicine.
Our brief but productive encounter here with the Electro-chemistry is indeed
revolutionary. Even though the art has been around for more than a hundred years,
most medical doctors are unaware of it's true potential. They are not trained in electric
theory or field theory, as that this would possibly interfer with their having a complete
Chemical philosophy of medicine. A chemical philosophy that will promote synthetic
chemical sales. Even though the chemical philosophy is outdated, antiquated, obsolete,
and not used by any other scientific endeavor in todays world, eroding the false beliefs
of modern medicine attracts fanatic attacks from mediocre minds.
When an electrical engineer with medical training develops a new modern
medical device. Legalises it and registers it around the world for twenty years,
researches the science thouroughly, clinical tests it, publishes hundreds of articles, after
hundreds of millions of patient visits, proves it safe and effective, You would think that
the medical establishment would applaud and congradulate him. But because his work
is drugless, he is attacked, persecuted and prosecuted. nobody gives him a chance,
WILL YOU?
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Electroreception
While underwater sight and sound — however muted and distorted they may be — are within
our realm of experience, sharks possess a sense that is so alien to us that we can neither relate to
it nor fathom what it might feel like. That sense is electroreception: an acute sensitivity to
electrical fields. Sharks receive tiny electrical signals from their environment via a series of
pores peppered over the head, looking like a bad case of 5-O'clock shadow. These pores are
distributed in discrete patterns, varying somewhat among elasmobranch species. In the White
Shark, there is a pair of elongate clusters on top of the head above the eyes, another pair of Vshaped clusters surrounding the nostrils underneath the snout, a sausage-shaped cluster under
each eye, and an oval cluster extending along each side of the chin.
These pores open to tiny bottle-shaped cells that are filled
with an electrically conductive jelly. These cells are termed
ampullae of Lorenzini, after the Italian anatomist who first
described them in 1678. The ampullae are an extension of
the lateral line system, and — like it — are based on hair
cells as the key functional unit. Modified hair cells line the
deepest part of the central lumen (cavity) of each ampulla.
Instead of being responsive to bending, the
klinocilium/lesser cilia mechanism of ampullary hair cells
respond to a local reversal of electrical polarity. A net
negative charge inside the ampullary lumen causes an
electrical change in each hair cell, triggering the release of
neurotransmitters to adjacent clusters of sensory nerves which, in turn, signal the brain, where
the stimulus is interpreted. That the same functional unit — the hair cell — has been adapted to
sensing sound, vibration, and electrical stimuli testifies eloquently on behalf of the conservatism
and creativity of evolutionary processes.
Seawater is an ion-rich medium that conducts electrical fields moderately well. Seawater moving
over the magnetic field lines of our planet provide a weak but richly textured electrical 'map' of
the immediate environment. A shark's body is contains a rich broth of electrically charged
biomolecules called electrolytes, which allow cells to communicate with each other. As it swims
across geomagnetic field lines, electrical currents are induced in its body that provide
navigational cues. Field studies by A. Peter Klimley have revealed that Scalloped Hammerheads
(Sphyrna lewini) in the Sea of Cortez use this built-in compass sense to follow 'magnetic
highways' along the seafloor between separate nocturnal feeding and diurnal socializing sites. On
a much smaller scale, cellular activity generates tiny electric fields that can betray the presence
of potential prey that would otherwise be hidden from sharks. A particularly vivid example is
provided by the Great Hammerhead (Sphyrna mokarran), which detects buried stingrays by
sweeping its wide, ampullae-studded head over the bottom like the sensor plate of a metal
detector.
These electrical cues would be meaningless to sharks, were it not for the astonishing sensitivity
of their ampullae. Studies by Adrianus Kalmijn, a pioneer in elasmobranch electroreception,

have demonstrated that some sharks — such as Smooth Dogfish (Mustelus canis) — are able to
detect low frequency (from about 0.5 up to 8 Hertz) electric fields as tiny as 5 nanovolts
(billionths of a volt) per square centimetre. In 1998, graduate student Steve Kaijura demonstrated
that newborn Bonnethead Sharks (Sphyrna tiburo) can detect electric fields less than 1 nanovolt
per square centimetre. This is equivalent to the electric field of a flashlight battery connected to
electrodes some 10,000 miles (16,000 kilometres) apart in the ocean. Such incredible electrical
sensitivity is over five million times greater than anything you or I could feel and is by far the
most acute in the Animal Kingdom.
Testing the upper and lower limits of electrosensitivity in the White Shark requires precise
measurements under controlled conditions that are presently only available in laboratory aquaria.
Unfortunately, all attempts to maintain a Great White in captivity have thus far proved
unsuccessful. The current record for survival in captivity, held by the Sea World Aquarium in
San Diego for a 5.5-foot (1.7-metre) specimen, stands at a mere 16 days. But most captive White
Sharks fare far worse. To date, most White Sharks have died within a few hours of being placed
in an aquarium tank. Despite this logistical hurdle, some intriguing quantitative and qualitative
observations suggest that the White Shark is highly sensitive to electric fields and that this ability
is important to its survival in the wild.
The 72-hour captivity of a 7.5-foot (2.3-metre), 300-pound (136-kilogram) female White Shark
at San Francisco's Steinhart Aquarium during August 1980 provided an unexpected opportunity
to measure the electrosensitivity of this species. Dubbed 'Sandy', the juvenile Great White was
displayed in Steinhart's torus-shaped 'fish roundabout', becoming an instant media celebrity and
drawing some 40,000 visitors to the Aquarium over a three-and-a-half-day period. By the fourth
day of her captivity, Aquarium director John McCosker noticed that Sandy continually collided
with a particular five-degree arc of the tank. No visual, sonic, or vibratory cues were discernible
at that particular segment of the roundabout. So McCosker and his co-workers suspected that a
weak electrical field at that location might be causing her to bang her head against the tank wall.
A silver-chloride half cell was used to detect a small electric potential difference between two of
the tank's windows measuring 0.000125 volts — an amount so tiny that none of the other sharks
in the roundabout seemed to notice. Correcting the problem would have required removing all
the fish and draining the tank, so it was reluctantly decided to release Sandy at the Farallon
Islands, a location that provided suitable habitat yet was far enough away so as to not endanger
San Franciscan swimmers and surfers. In addition to providing hope that another of her species
may one day be maintained in captivity, Sandy provided an important clue about her
electrosensitivity. Thanks to Sandy and the husbandry team at Steinhart Aquarium, we now
know that White Sharks can detect electric fields at least as minuscule as 125 microvolts
(millionths of a volt).
Although the White Shark's electrosensitivity may create problems for it in captivity, this ability
probably helps it to survive in the wild. For example, pinnipeds (seals and sea lions) often haul
out in large numbers on craggy rock islands that are geologically young. Such islands are often
created by tectonic activity which leaves an enhanced magnetic signature with meandering lines
of force radiating from them for many miles. White Sharks may, in part, locate pinniped
rookeries (mass breeding sites) by following these 'magnetic highways', much as Scalloped
Hammerheads locate nocturnal feeding sites in the Sea of Cortez. The White Shark's

electrosensory talents may also help it capture prey. When a Great White bites into prey, its eyes
roll tailward in their sockets to protect them from physical damage. Thus, at the moment of
strike, the White Shark is temporarily blind. It may therefore rely on electrical cues to keep track
of where its prey is at all times. Not only can the shark detect the electrical signature of its prey's
metabolizing cells, but — once it is wounded — the prey leaks charged electrolytes into the
environment, creating an electric field as much as three times stronger than that of uninjured
prey. In the bloody, thrashing confusion of a predatory attack, the White Shark's acute sensitivity
to electric fields may provide what JAWS author Peter Benchley called, "a beacon as clear and
true as a lighthouse on a moonless night".
Singular: ampulla. An ampoule is a small flask, hence these structures are sometimes referred to as 'flask cells', but
this term is less commonly used than ampullae of Lorenzini and is avoided here.

Mission Statement
Founded in 2001, the ReefQuest Centre for Shark Research is dedicated
to shark and ray conservation through its scientific research and public
education programs. The Centre maintains research equipment and
facilities, reference collections of fossil and extant elasmobranch
specimens, a scientific library, elasmobranch data bases, and public
education materials.
The Centre oversees the thesis research of selected graduate students as
well as publishes results of its own original research and those resulting
from collaboration with students or colleagues in the peer-reviewed scientific literature, coorganizes international scientific conferences, and will begin producing its own series of
scientific reports in late 2003.

Electroreception
From Wikipedia, the free encyclopedia
Jump to: navigation, search

Electroreception, sometimes written as electroception, is the biological ability to perceive
electrical impulses. It is particularly common among aquatic creatures since conductors such as
salt are more easily suspended in water than in air. It is used for electrolocation (detecting
objects) and for electrocommunication. There are no known cases of mimicry involving
electroreception, though it is theoretically possible.[1]
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[edit] Overview

Active electrolocation. Conductive objects concentrate the field and resistant objects spread the field.

Many primitive fish such as sharks, rays, lampreys, bichirs, lungfish, coelacanths, and sturgeons
have electroreceptive senses which are believed to be derived from the lateral line sense. This
sense operates in two main modalities; active and passive.
[edit] Active

In active electroreception, the animal senses its surrounding environment by generating electric
fields and detecting distortions in these fields using electroreceptor organs. Active
electrolocation is especially important in murky water, where visibility is low.
Animals that use active electroreception include the weakly electric fish, which generate small
(typically less than one volt) electrical pulses using an organ in the tail consisting of two to five
rows of modified muscle cells (electrocytes).

Weakly electric fish can discriminate between objects with different resistance and capacitance
values, which may help in identifying the object. They can also communicate by modulating the
electrical waveform they generate; an ability known as electrocommunication.[2]
Active electroreception typically has a range of about one body length, though objects with an
electrical resistance similar to that of the surrounding water are nearly undetectable.
[edit] Passive

In passive electroreception the animal senses the weak bioelectric fields generated by other
animals. Animals that use passive electroreception include sharks and rays.

[edit] Sensory Mechanism
Active electroreception relies upon tuberous electrororeceptors which are sensitive to high
frequency (20-20,000 Hz) stimuli. These receptors have a loose plug of epithelial cells which
capacitively couples the sensory receptor cells to the external environment. Passive
electroreception however, relies upon ampullary receptors which are sensitive to low frequency
stimuli (below 50 Hz). These receptors have a jelly filled canal leading from the sensory
receptors to the skin surface. Mormyrid electric fish from Africa use tuberous receptors known
as Knollenorgans to sense electric communication signals.

[edit] Occurrence
[edit] Elasmobranchii

Electroreceptors (Ampullae of Lorenzini) and lateral line canals in the head of a shark.

Sharks and rays (members of the subclass Elasmobranchii) rely heavily on electrolocation in the
final stages of their attacks, as can be demonstrated by the robust feeding response elicited by
electric fields similar to those of their prey. Sharks are the most electrically sensitive animals
known; responding to DC fields as low as 5 nV/cm.

The electric field sensors of sharks are called the ampullae of Lorenzini. They consist of
electroreceptor cells connected to the seawater by pores on their snouts and other zones of the
head. A problem with the early submarine telegraph cables was the damage caused by sharks
who sensed the electric fields produced by these cables. It is possible that sharks may use Earth's
magnetic field to navigate the oceans using this sense.
A recent study has suggested that the same genes that contribute to a shark's sense of
electroreception may also be responsible at least in part to the development of facial structures in
humans.[3]
[edit] Other vertebrates

The platypus also uses electroreception.

The electric eel, besides its ability to generate high voltage electric shocks, uses lower voltage
pulses for navigation and prey detection in its turbid habitat. This ability is shared with other
Gymnotiformes.
Monotremes are the most prevalent mammals that use electroception. Among these, the platypus
has the most acute sense.[4][5] The platypus appears to use electroreception along with pressure
sensors to determine the distance to prey from the delay between the arrival of electrical signals
and pressure changes in the water.[5]
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Abstract

The electric sense of elasmobranch fishes (sharks and rays) is an important sensory
modality known to mediate the detection of bioelectric stimuli. Although the best known
function for the use of the elasmobranch electric sense is prey detection, relatively few
studies have investigated other possible biological functions. Here, we review recent
studies that demonstrate the elasmobranch electrosensory system functions in a wide
number of behavioral contexts including social, reproductive and anti-predator
behaviors. Recent work on non-electrogenic stingrays demonstrates that the electric

sense is used during reproduction and courtship for conspecific detection and
localization. Electrogenic skates may use their electrosensory encoding capabilities and
electric organ discharges for communication during social and reproductive interactions.
The electric sense may also be used to detect and avoid predators during early life
history stages in many elasmobranch species. Embryonic clearnose skates
demonstrate a ventilatory freeze response when a weak low-frequency electric field is
imposed upon the egg capsule. Peak frequency sensitivity of the peripheral
electrosensory system in embryonic skates matches the low frequencies of phasic
electric stimuli produced by natural fish egg-predators. Neurophysiology experiments
reveal that electrosensory tuning changes across the life history of a species and also
seasonally due to steroid hormone changes during the reproductive season. We argue
that the ontogenetic and seasonal variation in electrosensory tuning represent an
adaptive electrosensory plasticity that may be common to many elasmobranchs to
enhance an individual's fitness throughout its life history.
Author Keywords: Ampullae of Lorenzini; Electroreceptor; Reproduction
Article Outline
1. Introduction
2. The elasmobranch electrosensory system
3. The skate electrosense
3.1. Electrogenic organs, physiology and behavior
3.2. Detection of predators
4. The stingray electric sense
4.1. Courtship and mating behavior of the round stingray
4.2. Use of the electric sense for conspecific detection
4.3. Hormonal modulation of the electric sense
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Spatial Acuity and Prey Detection in Weakly Electric Fish
David Babineau1, John E. Lewis2,3*, André Longtin1,3
1 Department of Physics, University of Ottawa, Ottawa, Ontario, Canada, 2 Department of Biology,
University of Ottawa, Ottawa, Ontario, Canada, 3 Center for Neural Dynamics, University of Ottawa,
Ottawa, Ontario, Canada
Abstract
It is well‐known that weakly electric fish can exhibit extreme temporal acuity at the behavioral level,
discriminating time intervals in the submicrosecond range. However, relatively little is known about the
spatial acuity of the electrosense. Here we use a recently developed model of the electric field

generated by Apteronotus leptorhynchus to study spatial acuity and small signal extraction. We show
that the quality of sensory information available on the lateral body surface is highest for objects close
to the fish's midbody, suggesting that spatial acuity should be highest at this location. Overall, however,
this information is relatively blurry and the electrosense exhibits relatively poor acuity. Despite this
apparent limitation, weakly electric fish are able to extract the minute signals generated by small prey,
even in the presence of large background signals. In fact, we show that the fish's poor spatial acuity may
actually enhance prey detection under some conditions. This occurs because the electric image
produced by a spatially dense background is relatively “blurred” or spatially uniform. Hence, the small
spatially localized prey signal “pops out” when fish motion is simulated. This shows explicitly how the
back‐and‐forth swimming, characteristic of these fish, can be used to generate motion cues that, as in
other animals, assist in the extraction of sensory information when signal‐to‐noise ratios are low. Our
study also reveals the importance of the structure of complex electrosensory backgrounds. Whereas
large‐object spacing is favorable for discriminating the individual elements of a scene, small spacing can
increase the fish's ability to resolve a single target object against this background.
Author Summary
Extracting and characterizing small signals in a noisy background is a universal problem in sensory
processing. In human audition, this is referred to as the cocktail party problem. Weakly electric knifefish
face a similar difficulty. Objects in their environment produce distortions in a self‐generated electric field
that are used for navigation and prey capture in the dark. While we know prey signals are small
(microvolt range), and other environmental signals can be many times larger, we know very little about
prey detection in a natural electrosensory landscape. To better understand this problem, we present an
analysis of small object discrimination and detection using a recently developed model of the fish's
electric field. We show that the electric sense is extremely blurry: two prey must be about five
diameters apart to produce distinct signals. But this blurriness can be an asset when prey must be
detected in a background of large distracters. We show that the commonly observed “knife‐like”
scanning behaviour of these fish causes a prey signal to “pop‐out” from the blurry background signal.
Our study is the first to our knowledge to describe specific motion‐generated electrosensory cues, and it
provides a novel example of how self‐motion can be used to enhance sensory processing.
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Introduction
Weakly electric fish are commonly found in the freshwater systems of South America and Africa [1,2].
These nocturnal fish use a unique sensory modality, called the “electrosense,” to help them navigate,
communicate, and find prey in the absence of strong visual cues [3]. The electrosense involves a
specialized electric organ that emits an electric discharge resulting in a dipole‐like electric field in the
surrounding water [4]. The transdermal potential (the so‐called “electric image”) is continuously
monitored via electroreceptors found in the skin layer. Changes in the spatial properties of the electric
image can provide cues that help the fish determine the location, size, and electrical properties of
nearby objects [5–10].
Recent studies have shed new light on the weakly electric fish's perceptual world. In the context of
distance perception, the amplitude and width of an electric image were shown to be analogous to visual
contrast and blur [11]. The electric image produced by an object can also be distorted by nearby objects;
consequently, conductive objects can act as electrosensory “mirrors” [12]. In contrast with the visual
sense, however, the electrosense has no focusing mechanism and is limited to the near‐field, so it is
generally considered a “rough” sensory modality [13–16]. In fact, the range of active electrolocation in
weakly electric fish is likely only about one body length [7], and considerably less for small prey‐like
objects [17]. Within this range, much is known about the fish's temporal acuity [18,19], but relatively
little is known about the fish's ability to resolve multiple nearby objects.
Here, we consider the notion of “electro‐acuity,” analogous to the notion of visual acuity found in the
visuo–sensory lexicon, to investigate the quality of electrosensory information in the spatial domain. A
common measure of acuity in other sensory systems is the just‐noticeable difference, or the minimum
difference between two stimuli such that they are perceptually distinct [20]. In the present context, we
consider an analogous measure to describe the quality of electrosensory input available for a
discrimination task. We define this measure as the minimum spatial separation of two objects (Smin),
such that two distinct peaks remain in the electric image on the fish's skin (Figure 1). Using a 2‐D finite
element method model of A. leptorhynchus' electric field [9], we show that Smin is smallest in the fish's
midbody and decreases for objects placed farther away from the fish. This suggests an interesting
contrast with the “electrosensory fovea” in the head region [10,17], where the highest density of
electroreceptors is found [21]. Overall, we found that electroacuity is poor relative to visual acuity in
humans, but is comparable with that of the human somatosensory system.

Figure 1. Electric Images Produced by Two Prey‐Like Objects and Determination of Smin
The head is at position 0 m along the rostro–caudal axis. The midbody is at 0.11 m, and the

tail is at 0.21 m. All interobject distances are center‐to‐center, and object‐to‐fish lateral distances (i.e.,
perpendicular to fish midline) are from object center to skin surface.
(A) Electric field potential in the presence of two identical prey‐like objects (modeled as 0.3‐cm diameter
discs with a conductivity of 0.0303 S/m; water conductivity: 0.023 S/m). Objects do not affect the field
much due to their small size and conductivity similar to the water. The Smin (14 mm) is also shown for a
specific prey position (left prey located 0.11 m caudally from the tip of the head and 0.012 m laterally to
the skin). The potential at different points is measured with respect to a reference electrode placed
laterally to the fish in the far field, near the zero potential line [9].
(B) Overlays of electric images for three different object locations illustrating the increase in image
amplitude in the caudal direction (x) and the decrease in amplitude for increasing lateral distances (y).
(x,y) = (0.05, 0.03), (0.05, 0.015), (0.1, 0.015) m. As described in Materials and Methods, these images
are computed as the difference between the transdermal potentials measured with and without the
object present.
(C) Overlays of electric images for three distinct interprey distances (see inset). Blue trace shows Smin,
when the two peaks in the electric image are just noticeable. Computation of the images is as in (B).
Location of more‐rostral prey as in (A).
doi:10.1371/journal.pcbi.0030038.g001
Despite the apparent low quality of electrosensory signals, weakly electric fish are able to detect small
prey [7,17]. Although there is no direct evidence, it is reasonable to assume that they do so even in the
presence of noisy background signals [7]. In a related task (object tracking), background noise has been
shown to degrade performance [22,23]. Single‐cell recordings in midbrain neurons have further revealed
that some low‐frequency background signals can interfere with directional selectivity [24]. It is thus
believed that some of the natural behaviors exhibited by the fish play a central role in signal extraction.
In particular, simulations have suggested that tail‐bending could improve object detection by increasing
the electric image's amplitude [13,14].
It has also been suggested that the back‐and‐forth swimming, or scanning motion, observed in these fish
could be used to generate specific electrolocation cues [25–28], although this has not yet been
demonstrated. Indeed, to elucidate the nature of these motion‐related cues, we have simulated this
scanning motion and show that, under some conditions, this behavior could assist in extracting small
prey‐like signals from large background ones. We show that the component of the electric image
produced by a sufficiently dense background does not change during scanning, whereas the one
produced by the prey object, albeit miniscule in comparison, does. This process is similar to motion‐
related cues and active sensing techniques seen in other contexts [28,29].
Results
In the following analyses, we use our previously described finite‐element model of the electric field
produced by A. leptorhynchus (see Materials and Methods and [9,30]).Figure 1A shows the simulated

dipole‐like potential map for this fish in the presence of two prey‐like objects. Such objects do not
greatly perturb the fish's natural field due to their small size and conductivity (which is similar to that of
the water). Figure 1B shows overlays of electric images due to single objects at different locations (i.e.,
each image is computed separately). Such images show characteristic shapes but vary systematically in
amplitude and width with rostral–caudal and lateral location [5,9,10]. Figure 1C shows images produced
by object pairs for three different interobject distances (shown in inset). Prey‐like objects that are
located too close together (green trace) produce a single peak in the electric image (similar to the
images in Figure 1B), while objects separated by a larger distance produce two distinct peaks (red trace).
The blue trace illustrates the electric image in which two peaks are just barely distinguishable; we define
the associated interobject distance as Smin. Thus, Smin, measured in these noiseless conditions,
delineates a limit to electroacuity. A smaller Smin suggests better electroacuity (i.e., increased spatial
resolution). For this specific prey‐like object and rostro–caudal location, the Smin is 14 mm. This
suggests that, at this lateral distance, these two objects must be separated by at least 14 mm, a distance
approximately five times their diameter, to be distinguished.
Electroacuity varies for different lateral and rostro–caudal object locations (Figure 2, see insets). Figure
2A and 2C shows the effects of object size and conductivity, respectively, on electroacuity for different
lateral positions (rostro–caudal position fixed near the fish's midpoint, 0.11 m). Smin increases
(electroacuity decreases) for objects that are placed farther away from the fish, regardless of object size
or conductivity. When objects are far from the fish, Smin is roughly independent of object size (Figure
2A). At the closest location possible for the largest object (blue curve), Smin is smaller than for the other
object sizes. This is a consequence of the relative sharpening of the image for close large objects (see
Figure 1B). The sharpness of an image can be quantified by the reciprocal of its normalized width (width
divided by amplitude). Image sharpness decreases (normalized width increases) with lateral distance
and, in general, is independent of object size [5]. However, object size becomes a factor for locations
close to the skin (see largest object in Figure 2A and 2B), as larger objects produce relatively sharper
images in these cases [9]. Note also that there is a slight inflection at a lateral distance of 0.016 m
(Figure 2A and 2C) due to the spatial heterogeneity of the electric field (higher density of field lines near
the zero potential line, which curves rostrally as seen in Figure 1A).

Figure 2. Effect of Object Location and Conductivity on Spatial Electroacuity
In all panels, see fish insets for approximate lateral and rostro–caudal locations where Smin was
calculated. Error bars represent the sampling that was used to calculate the Smin (either 0.5 or 1 mm).
Lateral distance is measured as object center to fish skin (as in Figure 1).
(A) Effect of lateral distance on Smin for three distinct object diameters (rostro–caudal location, x = 0.11
m). Red, 0.3 cm (prey size); green, 1 cm; blue, 2 cm. Object conductivity fixed at 0.0303 S/m (prey
conductivity).
(B) Effect of rostro–caudal position on Smin for same object sizes and conductivity as (A), with a lateral
distance of 0.012 m.

(C) Effect of lateral distance on Smin for three distinct object conductivities (rostro–caudal location, x =
0.11m). Red, 0.0005 S/m (plant conductivity); green, 0.0303 S/m (prey conductivity); blue, 0.5 S/m.
Object diameters fixed at 0.3 cm (prey size).
(D) Effect of rostro–caudal position on Smin for same object diameter and conductivities as in (C), with a
lateral distance of 0.012 m.
doi:10.1371/journal.pcbi.0030038.g002
Figure 2B and 2D shows the effects of object size and conductivity, respectively, on electroacuity for
different rostro–caudal positions (lateral object center‐to‐skin distance fixed at 0.012 m). In general,
Smin is smaller for larger objects, all along the length of the fish. The largest objects (2 cm) can actually
be distinguished in the artificial condition of overlapping (i.e., the two objects are fused into a single
composite peanut‐shaped object), suggesting a mechanism for shape discrimination under some
conditions. The position x = 0.11 m suggests a point of optimal acuity along the side of the fish. The two
peaks in the image can be distinguished more easily for objects in this region because this is the rostro–
caudal location where electric images are sharpest [9,10], so that there is minimal interaction between
the individual images produced by each object. Object conductivity has comparatively little effect on the
Smin in both lateral and rostro–caudal directions (Figure 2C and 2D). Overall, Smin varies much more in
the lateral direction than in the rostro–caudal direction (compare Figure 2A–2C and 2B–2D) due to the
relatively large changes in image sharpness as lateral object distance increases [5,8].
The effect of water conductivity on electroacuity was also studied for a specific location (x = 0.11 m, y =
0.015 m). For the range of water conductivity values found in the rivers in which A. leptorhynchus live
(between 0.00085 and 0.01135 S/m [2]), Smin changes only slightly. As an overall trend, Smin decreased
as water conductivity diminished (from 15.5 to 12.5 mm as water conductivity decreased from 0.05 to
0.0005 S/m).
As a first step toward understanding electroacuity in a more natural context, the electric images
produced by differently sized arrays of background objects (with “plant‐like” conductivity) were studied
systematically. In Figure 3A, the red trace shows the electric image produced by a single such object
located 0.11 m caudally from the tip of the fish's head (red object in inset located close to the fish's
midpoint). The orange trace shows the electric image produced by three objects: the central one (red)
plus one (orange) added 0.03 m on each side. In a similar progression, electric images are shown for up
to 11 objects. With larger numbers of aligned objects, the electric images converge. Thus, for an array of
seven objects (approximately a fish body length), the image is almost the same as with 11 objects. The
electric images are each marked by a singular peak because the interobject distance is too small (at this
lateral distance of 0.05 m) to resolve different peaks, i.e., object separation is less than Smin. The small
bumps at approximately 0.03 m and 0.2 m are due to abrupt changes in fish geometry near the head
and tail, respectively, and are not due to individual objects within the background array. Similar results
were also observed for object arrays positioned closer to the fish, where different peaks were observed
in the electric image, as well as for solid bars of increasing widths (unpublished data). Figure 3B shows
the effect of changing the object spacing in similar arrays. At the largest spacing (red), the image is

dominated by the contribution from the central object. For arrays that are more spatially dense (green,
blue), the contributions of individual objects are blurred, resulting in an image with a broad peak.

Figure 3. Electric Image of a Plant‐Like Background
All images in both panels are computed as the difference in transdermal potentials, with and without
objects (as described in Materials and Methods).
(A) Electric images produced by six distinct background widths, which differ in number of objects (see
inset). Red, 1; orange, 3; yellow, 5; green, 7, blue, 9; purple, 11. The 2 cm–diameter discs have a
conductivity of 0.0005 S/m to mimic the plant Hygrophilia. Discs are located 0.05 m away laterally from
the fish's midline and are separated, one from another, by 0.03 m. All series of objects are centered near
the fish's midpoint (red object in inset) and color in inset denotes external objects of a given series.
(B) Electric images due to backgrounds with three different interobject spacings: blue, 0.03 m (same as
panel A); green, 0.06 m; red, 0.09 m. Otherwise, objects are identical to those in panel (A).
doi:10.1371/journal.pcbi.0030038.g003
These object arrays provide a simplified model of the background signals comprising a natural
electrosensory landscape. To better understand how weakly electric fish are able to detect miniscule
prey in the presence of large‐background signals, we calculated the electric image produced by a small
Daphnia‐like prey object against a large‐background array of objects (Figure 4). Even though the prey is
located just 0.008 m from the fish's skin (compared with the 0.05 m lateral position of the background),
the electric image with the prey and background is not much different than the one obtained with the
background alone (largest deviation between the two images is about 4%; compare Figure 4A and 4B).
The interesting feature, however, is that the overall image shape is similar regardless of the fish's
position during a simulated scanning movement (even though the background was simulated as a
discrete set of objects). This can be understood in terms of electroacuity: the background objects are
too close together to be distinguished and thus form a blurred image. It is critical to note that during the
scan, however, the small blip created by the prey does change location within the electric image (Figure
4B; note that the images do not overlap perfectly). Next, we demonstrate this point explicitly by
considering the time‐varying image during a simulated scanning movement.

Figure 4. Electric Image of a Plant‐Like Background in the Presence and Absence of a Prey
Object
All images in both panels are computed as the difference in transdermal potentials, with and without
objects (as described in Materials and Methods).

(A) Six fish positions (see inset, top) for which the electric images (bottom) produced by a 15‐disc
Hygrophilia plant‐like background (0.05 m lateral to fish, as in Figure 3) were calculated. Electric images
are barely distinguishable from one another. Fish positions differ from one another by 0.02 m, 0.02 m,
0.03 m, 0.005 m, and 0.015 m (see inset).
(B) Same as in panel (A) except a Daphnia‐like prey object (0.3‐cm diameter as in Figure 1) was added at
a lateral distance of 0.008 m from the skin.
doi:10.1371/journal.pcbi.0030038.g004
The consequence of the relative differences between background and prey during a scanning movement
is that the small prey signals can be extracted by looking at the time‐varying transdermal potential at
specific locations along the fish's body. Figure 5 illustrates the temporal profile of the transdermal
potential at two distinct body locations under different conditions. The signal measured at Location A
(see inset) reveals a clear prey‐dependent component (Figure 5A, compare green and blue traces). Note
also that this prey signal (in the presence of the background) is very similar to that for the prey‐alone
condition (Figure 5A, compare blue and red traces). When the interobject distance in the background
becomes too large, as in Figure 5B, the background image is no longer blurred and individual object
characteristics appear, thereby masking the prey‐specific signal. This effect can be even more
pronounced when the objects are randomly spaced over the same area (Figure 5C). Figure 5D–5F shows
a similar result for a different body location (note that the prey‐specific signal occurs slightly later in
time at this location, due to the scanning direction).

Figure 5. Transdermal Potential at Two Distinct Points on the Fish's Body During Simulated
Motion
To calculate each image, 21 different fish positions were used. In all cases, images are the raw
transdermal potential with the mean removed to more easily compare the different curves. Black arrow
shows direction of the simulated scanning motion used to generate the time series shown, with a
scanning speed of 0.1 m/s. The legend in (A) applies to all panels.
(A) Transdermal potential at a skin location 0.11 m caudal from the tip of the fish's head (point A in
inset) for three different conditions: background alone (green), the background and prey (blue), and
prey alone (red). Background objects are as in Figures 3 and 4. The spacing between the individual
objects in the background is 0.03 m; the lateral distance of the background is 0.05 m from the midline.
The lateral distance of the prey object (as in Figure 4) is 0.008 m.
(B) Same as in panel (A) except for a larger interobject spacing (0.06 m) in the background.
(C) Same as in panel (A) except that the background objects are randomly spaced, as shown by the inset,
with same mean spacing as (B).

(D–F) Same as the upper panels (A–C, respectively) except that the transdermal potential is shown for a
skin position 0.085 m caudal from the tip of the fish's head (point B in inset).
doi:10.1371/journal.pcbi.0030038.g005
Figure 5A and 5B suggests that as the objects within the background are increasingly separated, the prey
will be less distinguishable. We confirm these observations in terms of a signal‐to‐noise ratio (SNR) of
prey signal versus background (see Materials and Methods). The SNR decreases with increasing
interobject separation in the background (Figure 6; left axis, blue trace). For reference, we can compare
this situation with the expected discriminability of two individual objects (see Materials and Methods),
where the electric image components due to each object become increasingly distinct as the objects are
moved apart (Figure 1B; Figure 5C: right axis, green trace). This applies to the case of two prey‐like
objects in the absence of background, as in Figure 1A and 1C and Figure 2, as well as to the case of two
background‐like objects. In a more natural context, the blurriness of the electrosense interestingly has
the effect of enhancing sensory performance. And indeed, this should apply to a wide range of
electrosensory landscapes, as blurriness will be unaffected by small changes in object conductivity
(Figure 2C and 2D).

Figure 6. Prey Detectibility and Background Sparseness
(Left axis, blue trace) SNR ratio between the prey and background transdermal potential time series and
the background‐only time series (i.e., between blue and green traces in Figure 5A; see Materials and
Methods for more details). Each point represents the mean SNR of ten locations (over an ~0.01 m–wide
patch of skin) centered 0.05 m caudal from the tip of the fish's head. SNR is shown as a function of
interobject spacing of the background.
(Right axis, green trace) Theoretical discriminability (see Materials and Methods) between two
background‐type objects as a function of their spacing, using the same object size (2‐cm diameter) and
lateral distance (0.05 m) as in Figure 5.
doi:10.1371/journal.pcbi.0030038.g006
Discussion
The extraction of small environmental signals is a problem faced by all sensory systems. The
mechanisms by which this problem is solved have been studied extensively, not only in the human
senses, but also in sensory modalities unique to other species [28,31]. Indeed, the electrosensory
system exhibits many parallels with other senses, including human vision and audition [11,32], but we
know relatively little about small‐signal extraction and the spatial resolution of this modality. Here, we
have considered these aspects of electrosensory processing in terms of the primary sensory input as a
first step toward understanding acuity and object detection at the behavioral level.
Electroacuity Measurement

Many recent studies have contributed to our understanding of electrosensory scene analysis
[9,26,27,33,34]. In particular, Rother et al. [12] have shown that the electric image due to two objects is
the result of complex interactions between the effects of each object. To extend these studies in the
context of object discrimination, we have introduced the notion of electroacuity. This measure,
comparable to the notion of visual acuity, has helped us quantify the “sharpness” of the electrosense in
the spatial domain. Studies have suggested that this was a rather “rough” sensory modality [7,14], and
our findings, in terms of the sensory input, confirm this quantitatively. For example, we found that two
prey‐like objects located within the range of natural prey detection (which is typically less than 20 mm,
[17]), must be separated by 9 mm for the electric image to show features of both objects (Figure 2). We
characterize this limit by the quantity Smin, analogous to the psychophysical notion of the just
noticeable difference and the Rayleigh criterion in optics (see Materials and Methods). Electroacuity is
much lower than human visual acuity [35]. In contrast, the electrosense fares much better when
compared with tactile two‐point discrimination in humans, where thresholds are as high as 50 mm in
some body locations [36,37].
The magnitude of Smin will increase with the disparity in both the image amplitudes and widths for the
two objects. It will also be influenced by nonlinear effects between image amplitude and image width
for close pairs of objects (which our simulations implicitly capture), but we have not systematically
investigated them here (but see [12]). That said, to a reasonable approximation, Smin is proportional to
the normalized width of the image due to each of the objects (see Materials and Methods).
Figure 2B shows that for locations in the rostral half of the fish, Smin changes relatively little. This
interesting feature is primarily due to the uniformity of the field in this range: the current lines are
nearly perpendicular to the fish body axis. The field uniformity is a result of the spatial filtering effects
(smoothing) due to the tapered body shape [9,10,38]. This means that the spatial extent of an object's
influence on this field (image sharpness) will be relatively constant. For locations closer to the midbody,
the field lines are more concentrated (i.e., the field is not as uniform as for more rostral locations), so
the influence of the object is more focused. The image amplitude also increases in this range of body
locations (Figure 1B; Figure 5 of [9]), further contributing to a sharper image. However, as outlined in
detail in Materials and Methods, although the image amplitude increases, then decreases, in the rostro‐
to‐caudal direction [9], Smin is determined by image sharpness (normalized image width) and is much
less sensitive to absolute amplitude (Figure 2B, compare red and green traces).
In terms of the quality of sensory input, our results reveal a point of optimal electroacuity located in the
fish's midbody. This is in contrast to the notion that optimal discrimination should occur near the fish's
head region, the electrosensory fovea, which has the highest density of electroreceptors [21]. However,
determining acuity in the head region is a complex task due to a number of factors. For example, some
enclosed environments can interact with this geometry and produce an electric “funneling” effect that
increases the local field amplitude and enhances object discrimination [39,40]. Although these studies
were performed on a different species of electric fish (pulse‐type discharge) with a different electric
organ morphology, a detailed investigation of the head region in A. leptorhynchus (the species we
consider here) is still warranted. This will, however, require a more complicated 3‐D model, so
determining how the electric field, body geometry, and receptor density combine to determine

electroacuity in the electrosensory fovea is not possible at this time. Nevertheless, on the lateral body
surface, the combination of body geometry and current density are such that electric images are
sharpest in the midbody [9], thus allowing the objects to be closer in that region before their electric
images blur and form a single peak. This apparent tradeoff between more receptors rostrally and higher‐
quality images caudally may explain why prey detection occurs at approximately equal rates over all
rostro–caudal locations [17].
An additional consideration, which again points to interesting future research, is that our current model
does not account for the electric field dynamics that could in principle cause midbody acuity to vary over
the electric organ discharge cycle. It is possible, for example, that the lowest Smin seen here in the
midbody region may shift to other locations for other phases of the cycle, due to the spatial variation of
the field in time [38].
In a strict sense, the values we obtain for Smin can be considered as an upper‐bound limit on spatial
acuity, since various noise sources would undoubtedly result in lower acuity at the behavioural level.
However, there are additional cues available from the electric image, and potentially from other sensory
modalities, which could help distinguish adjacent objects, and hence increase acuity. Specifically, the
electric image produced by two objects is still wider than the image of one of the objects alone, even
when their individual peaks are not discernable (see Figure 1C). Moreover, we have only considered two
adjacent objects located in parallel with the fish's contour. Indeed, different criteria are required to
measure the discrimination of objects that are situated one‐behind‐the‐other (i.e., perpendicular to the
fish's contour). Rother et al. [12] have studied such object locations, but not in the context of spatial
acuity.
We have shown that electroacuity did not vary with object conductivity. This implies that the fish's
ability to resolve two equally sized, equally conductive objects is the same, regardless of whether these
objects are animate or inanimate. However, it is possible that the addition of environmental noise to the
electric images would make one of these types of objects more “resolvable,” as the SNR would be
greater for high‐conductivity objects. Water conductivity, on the other hand, does (slightly) affect Smin.
Our results are in accord with other findings, which state that object detection is best‐achieved in low‐
conductivity water [17,41,42], confirming the notion that increased water conductivity acts as a type of
electrosensory “fog.”
To resolve all of these issues, further behavioral experiments are required. Our current studies using a 2‐
D electric field model [9] have generated many hypotheses to test in such experiments. Despite the fact
that the 2‐D model very accurately reproduces many spatial aspects of the electric field [9], ultimately a
more detailed 3‐D model of the time‐varying electric field will be necessary. Measuring electroacuity
(behaviorally) in these fish could be accomplished by using a forced‐choice experimental paradigm. In
this task, the fish could be trained to choose between a single object and a pair of objects, with a reward
given for the choice of the latter. An estimate of electroacuity could be obtained by tracking the
accuracy of the choices as the interobject distance was decreased (see [33,43,44] for similar protocols).
Prey Detection in Weakly Electric Fish

Weakly electric fish are subject to a wide range of stimuli in natural electrosensory landscapes. Large
conducting boundaries, such as rocks or the river bottom, constitute extensive background clutter [27].
The fish therefore has the challenging task of extracting small prey signals from enormous background
ones. To investigate this scenario, we have modeled a plant‐like background. We have shown that, as
this background increases in width, the electric images produced on the fish's skin converge (i.e., the
images are blurred). In fact, the image is not much different for background arrays ranging from 0.18 m
to 0.3 m wide. In the presence of such a large‐background image, the Smin for prey objects would be
much larger than for the conditions we have considered thus far, and may in fact be defined only for
much larger objects. In other words, as discussed in the following, the electric image component due to
the background obscured that due to the two small prey‐like objects.
Figure 4 clearly indicates that the effect of a prey is miniscule in the presence of a relatively large‐
background array. Even at different times during a simulated scanning behavior, the prey only affected
the image due to the background by a few percent at most. This suggests that for any static “snapshot”
the fish would not be able to extract the prey signal from the large‐background signal. On the other
hand, weakly electric fish are known to detect minuscule signals under some laboratory conditions
[17,45], and presumably can do so in the wild while hunting. We suggest that movement is required in
these situations. In fact, due to the blurring effect, the background component of the electric image
does not change with fish scanning, whereas the prey component does (see Figure 4B). As a
consequence, the small‐prey signal is revealed during the scanning motion by looking at the transdermal
potential at individual locations on the fish's body (Figure 5A and 5D). In contrast, when background
objects are more separated, the prey signal remains confounded by the background (Figure 5B, 5C, 5E,
and 5F).
The separation of small signals from background is a universal problem in sensory processing. In vision,
the so‐called figure‐from‐ground separation has been extensively studied; luminance and contrast
differences between figure and ground provide information‐rich cues for this task. In the absence of
such cues, however, relative motion (due to figure, background, or observer motion) can provide
information that is critical for effective figure‐ground separation [29,46]. Motion of an auditory stimulus
can also provide cues for sound‐source localization in a noisy background [47,48]. Though the particular
mechanisms involved in each sense may differ [47], both rely on coherent changes in stimulus
parameters (spatial correlation in vision, systematic sweep of interaural time delays in audition).
Similarly, we have shown that motion can also lead to small‐signal detection in an electrosensory
landscape under certain conditions. When the constituent objects of a complex scene are close enough
to each other to result in a blurred (spatially uniform) image, a small spatially localized prey signal will
pop out due to motion cues (and without motion the prey signal is masked by the large background). On
the other hand, to evaluate the specific features of a scene, a greater spacing among constituent objects
is required (see Figure 6).
Electrosensory Processing
It is important to note that we have only considered the information available to the electrosensory
system and have not considered the potential for extracting this information. Information encoded by

individual electroreceptor afferents will be pooled in the hindbrain electrosensory lateral line lobe (ELL).
Here, the principle neurons, ELL pyramidal neurons, have receptive fields that vary systematically in size
across three somatotopic maps. The largest of these receptive fields (lateral segment map) are about 2
cm in width along the body axis of the fish; the smallest receptive fields (centromedial segment map)
are about 0.5 cm in width [26,49]. As previous studies have shown, the different maps may take on
different roles depending on the type of information available [26,50]. In the context of this paper, the
most focused images due to nearby prey objects may be preferentially encoded using pyramidal
neurons of the centromedial segment (smaller receptive fields), and the more blurred images due to
background objects may be encoded by neurons of the lateral segment (larger receptive fields).
In addition, there are mechanisms in the ELL (via feedback pathways) that can cancel out predictable or
redundant stimuli [51,52]. In principle, when the background is spatially uniform (blurred), such
feedback mechanisms could cancel out the large‐image component due to the background and further
enhance small signal extraction during scanning. Recent studies on the signal processing features of ELL
neurons have shown that coherence to spatially global time‐varying input is high‐pass [53], suggesting
again that responses to spatially dense backgrounds can be filtered out. Information encoded by ELL
neurons is transmitted to higher‐order neurons of the midbrain. Recent studies have described plasticity
and motion sensitivity in these neurons [24,54], but further studies will be required to determine how
these neurons contribute to the computations involved with prey detection and discrimination in
complex landscapes.
Conclusion
It has been widely hypothesized that the stereotypical back‐and‐forth scanning behavior exhibited by
weakly electric fish could be used to generate electrolocation cues [25,55,56]. In fact, cues obtained by
self‐motion are used by many different animals to extract relevant sensory features [28]. For example,
primates move their fingers laterally to detect fine features in textured surfaces, which would otherwise
go unnoticed [57]; rodents perform whisking behaviors [58]; and insects, such as mantids, can obtain
information about an object's depth using a side‐to‐side “peering” movement (by means of motion
parallax cues; [59]). Such examples have led to the reasonable notion that the exploratory behaviors
exhibited by weakly electric fish, such as the aforementioned scanning, act similarly to provide relevant
information from complex electrosensory scenes. Our study describes the nature of these motion‐
generated cues for the first time, and indeed shows that their effectiveness depends on context.
In particular, our results predict that weakly electric fish should exhibit the specific search behavior that
is most suitable for signal extraction in a given context. The scanning behavior would be best suited for
spatially dense or uniform backgrounds, whereas the fish might preferentially use tail‐bending in cases
where the background is sparse (as in Figure 5B, 5C, 5D, and 5F where the prey component is
confounded with the background signal). In future studies, we aim to determine which behaviors are
used most frequently by the fish to explore electrosensory landscapes with varying spatial
characteristics.
Materials and Methods

The 2‐D electric field of a 21‐cm A. leptorhynchus was simulated using a finite‐element–method model
described previously in [9]. Briefly, the model reproduces the field measured at one phase of the
quasisinusoidal electric organ discharge. It consists of three components: an electric organ (EO), a body
compartment, and a thin skin layer. The EO current density and the conductivities of the three
components were optimized using raw data provided by Christopher Assad [38]. The optimized EO
current density is spatially structured; as compared with a simple dipole, it is skewed toward the tail.
Such a profile in the EO current density, as well as the spatial filtering due to the tapered body shape,
reproduces the asymmetric “multipole” electric field [9,10,27]. To distinguish this situation from that of
a simple dipole, we sometimes refer to the fish's electric field as “dipole‐like.” This model is a 2‐D
simplification that is static in time, and so, in principle, any results derived from it are qualitative. It is
important to note, however, that the model provides a quantitatively accurate representation of the
data measured in the horizontal plane [9], and thus should be very reliable. Of course, as we note in the
Results and Discussion sections, there are some questions that will require a detailed time‐varying 3‐D
model.
Electric images were calculated in one of two ways using custom MATLAB subroutines. In Figures 1–4,
images are defined as the differences in transdermal potential, with and without objects present (this
has become the standard definition of an electric image, [5]). In Figure 5, images are displayed as the
raw transdermal potential, the natural electrosensory input. All images are shown only for the side of
the fish body closest to the objects. Water conductivity was set to 0.023 S/m, as in [38]. The prey
chosen, Daphnia magna, was modeled as a 3 mm–diameter disc with a conductivity of 0.0303 S/m, as in
[15,17]. The background objects (2‐cm discs) simulated throughout this paper were based on the
conductivity of the aquatic plant Hygrophilia [22] (0.0005 S/m). The goal was not to mimic the plant's
geometry accurately, but rather to get a general idea of the effects caused by varying backgrounds with
plant‐like conductivity and size.
To estimate the fish's ability to resolve two distinct objects (electroacuity), the minimal distance Smin
was calculated. This measure is the interobject distance, which delimits an electric image with one peak
from one with two peaks (for example, see Figure 1C). This quantity depends on a number of
parameters such as the object's size, its rostro–caudal and lateral location, and the water conductivity.
We can develop more intuition for how Smin behaves assuming that images of objects are idealized
Gaussians. Consider two Gaussians along the x‐axis, of similar standard deviation σ and amplitudes, but
centered on μ1 and (−μ1 ), respectively. Assuming linear superposition, their sum along the x‐axis will
have one or two maxima, depending on the relation between the standard deviation and the mean, i.e.,
on the relative width. It can be shown that Smin in this case corresponds to (2σ). If the amplitudes of the
Gaussians change in the same way, as they do when the object is closer to the fish, Smin remains the
same; it will increase, however, if there is disparity in the amplitudes. Smin will also increase with
increasing image width. Although this provides some insight on the behavior of Smin, it is important to
note that linear superposition is not valid in general (for example, see Rother et al. [12]). Also, all of the
images we show are computed using our model, which can accommodate arbitrary object
combinations. In no cases do we assume linear superposition of images due to individual objects.

For a given pair of objects, the rostral object's center coordinates were chosen as the spatial location for
which the Smin was determined. Therefore, this object was held stationary during a given Smin
measurement. The caudal object was moved systematically in the caudal direction until two distinct
peaks appeared in the electric image (object center‐to‐skin distance was kept constant). Using this
technique, Smin measurements were accurate to within 0.5 or 1 mm, representing the chosen sampling
(see error bars in Figure 2).
In the last part of the paper, where fish motion is simulated, a scanning speed of 0.1 m/s was chosen,
which is in the range of measured weakly electric fish scanning velocities [45,56]. For quantifying the
SNR between the two different transdermal potential time series (Figure 5, green and blue curves), i.e.,
the ones produced by the background alone (Φback) and by the background and prey (Φback+prey), a
root‐mean‐squared difference measure was used (Equation 1):

where n represents the number of different fish locations that were simulated, i.e., samples of the
transdermal potential at a given body location during a 1‐s scan (we chose n = 21). A large SNR value
means that the two time series are very distinct. We have also quantified the discriminability of two
objects as they are separated (Equation 2). Here, we assumed that the separate (simulated) electric
images generated by each object is a spatial Gaussian function (along one dimension; each of mean μi
and width σi) and have computed the discriminability d′ [60,61]:
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Summary
Eigenmannia's frequency and intensity discrimination thresholds were determined for a range of seven frequencies (50-1700Hz), centered on a fish's
individual discharge frequency, using a conditioned go/no-go paradigm. The
threshold criterion was '50% correct choices' (of the rewarded stimulus, S+, over
the unrewarded stimulus, S—); this was validated by testing for statistically
significantly shorter response latencies for the S+ compared with the S— stimulus.
The stimuli consisted of sine wave bursts presented for up to 20 s, repeated at
2 s" 1 (rise and fall times of an individual burst, 50 ms; holding time, 250 ms;
silence, 150ms). When testing for frequency discrimination, the sine wave bursts
alternated in frequency (A/); for intensity discrimination, every other sine wave
burst was of increased intensity (A/). The reference stimulus intensity was 30 dB
with reference to a fish's individual absolute threshold for a continuous sine wave
at that frequency, previously determined using a conditioned go response.
Sensory discrimination was best close to a fish's individual discharge frequency.
At 30 dB sensation level, fish discriminated frequency differences as small as
0.52 Hz (0.60 and 0.79 Hz in two other individuals) and intensity differences as
small as 0.56dB (1 dB in two other fish).
At stimulus frequencies different from a fish's discharge frequency, Eigenmannia's frequency discrimination declined at lower frequencies at a rate of up to
1 Hz octave" 1 , and at higher frequencies at a rate of up to 3 Hz octave" 1 . For
Eigenmannia's intensity discrimination a similar loss was observed: at frequencies
lower than a fish's discharge frequency, intensity discrimination thresholds rose at
a rate of less than 1 dB octave" *, while the rate was below 2 dB octave" 1 for higher
frequencies.
Compared with other acoustico-lateral senses in lower vertebrates, Eigenmannia's electrosensory frequency and intensity discrimination is unusually high, in
the range of that known for audition in the most sensitive higher vertebrates with a
cochlea (for example, human). This emphasizes Eigenmannia's specialized 'active'
electrosensory system, which detects the presence of a stimulus field as the
modulation of a fish's own 'carrier' signal in amplitude and phase (beat analysis),
Keywords:frequencydiscrimination,intensitydiscrimination,electricorgandischarge,beat,
threshold, electrosensory, Eigenmannia, Gymnotiformes.
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as opposed to 'passive' sensory systems, which must deal with unpredictable
signals from the environment as they occur.

Introduction

The South American knife fish Eigenmannia displays a wave-like electric organ
discharge (EOD), usually of constant frequency (250-600Hz) and amplitude
(usually below 100mV p _ p , measured head-to-tail; Lissmann, 1958; Watanabe and
Takeda, 1963; Hopkins, 1974; Kramer, 1985). Electroreceptors in the skin report
about the animal's own and other electric signals (review, Zakon, 1988). The
electrosensory-motor system is used for active object detection (see review by
Bastian, 1986) and social communication (see reviews by Hagedorn, 1986;
Kramer, 1990a,£>).
It is unknown whether Eigenmannia can discriminate electric wave stimuli of
different frequencies or intensities. Eigenmannia could selectively filter for its own
species-specific frequency, being insensitive to other species' EOD frequencies,
because of relatively sharp electroreceptor tuning to an individual fish's EOD
frequency (other frequencies would be suppressed; Scheich etal. 1973; Hopkins,
1976; Hopkins and Heiligenberg, 1978). Knudsen's (1974) behavioral threshold
curves for sine wave stimuli show that fish are most sensitive at their own EOD
frequency, with the threshold rising rather steeply on both sides (6.5-18
dB octave" 1 on the 'low', 20dB octave" 1 on the 'high' side). Eigenmannia could
therefore be 'tone-deaf, that is, unable to discriminate different frequencies, if
one of two conditions holds: (1) electroreceptor tuning curves are all similar, or (2)
small differences in 'best' frequencies or filter slopes, if present, are not centrally
represented.
However, other sensory and behavioral data support the opposite hypothesis of
fine frequency and intensity discrimination. (1) Eigenmannia modulates its
discharge frequency during social behavior; frequency increases, decreases and
discharge arrests have all been observed (Hopkins, 1974; see reviews by
Hagedorn, 1986; Kramer, 1990a,b). A well-known frequency modulation is the
jamming avoidance response (JAR), an EOD frequency change often evoked by a
stimulus sufficiently close in frequency to a fish's EOD frequency (Watanabe and
Takeda, 1963; see reviews by Heiligenberg, 1988, 1989; Kramer, 1990a,b).
(2) Adult males discharge in the lower, adult females in the upper, species-specific
range (Hagedorn and Heiligenberg, 1985; Kramer, 1985). [However, for mate
recognition, fish do not seem to rely on this frequency difference, but instead
recognize the sexually dimorphic EOD waveform (Kramer and Zupanc, 1986;
Kramer and Otto, 1988) by a time-domain mechanism (Kramer and Otto, 1991)].
(3) The perception of minute amplitude changes in Eigenmannia's own EOD is the
basis for active object detection (Lissmann, 1958; Heiligenberg, 1973).
With the observation that tuberous electroreceptor tuning curves are not all
alike (see, for example, Viancour, 1979), and because central nervous mechanisms
have only partially been identified (see review by Carr, 1990), the hypothesis of
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good electrosensory discrimination in Eigenmannia cannot be dismissed a priori.
A behavioral test is the only means to address adequately the questions of
frequency and intensity discrimination in a complex sensory system like that of
Eigenmannia.
Materials and methods
Three juvenile Eigenmannia lineata (10-14 cm) were used. They had not
undergone any tests before. They were kept isolated in their experimental tanks
(75 cmx42cmx40cm high; 27±1°C; water conductivity, 100±3/iScm" 1 ; L:D,
12:12 h; Fig. 1). A plastic mesh partition divided the aquarium into a 'home' and a
'stimulus' section (mesh size, 1.5 mm). A short ceramic tube (outer and inner
diameters, 5 cm and 4.4 cm, respectively; length, 3 cm) sewn into the plastic screen
(21 cm above the bottom) was the only passage between the two compartments.
A porous pot (length, 22 cm; 8 cm outer and 6 cm inner diameter) in the home
section served as a shelter. The stimulus section held an electric dipole, a feeder
for rewards and a similar apparatus for 'punishment' with air bubbles (see Fig. 1).
Reward (a bloodworm, Chironomus) and punishment (a few air bubbles) were

1

o _.

CRT

PS

1
PC

SG

Fig. 1. Apparatus for testing Eigenmannia's discrimination of stimuli varying in
intensity or frequency. A plastic mesh screen separated the home compartment (with a
porous pot as a shelter, S; left) from the stimulus compartment (right), which held an
electric dipole (D), a feeder (F) and a device for punishing (P) the fish by injecting a
few air bubbles, should it try to pass the opening (O) with the 'wrong' signal on the
dipole. E, carbon rod electrodes for measuring the fish's discharge frequency; A,
differential amplifier; C, electronic counter; CRT, oscilloscope. The stimulus chain
included a sine wave generator (SG), a pulse shaper (PS) and a microcomputer (PC)
controlling these devices via a digital interface. The bipolar (+/—) output of the pulse
shaper was fed into the stimulus dipole (D), at an intensity 30 dB above threshold at
that particular frequency (measured in the water).
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delivered by a syringe-tube arrangement (one for each) operated manually from
outside the tank. The bloodworms were injected into a small glass Petri dish in the
observer's front right corner. Air bubbles were delivered at the passage connecting
the two compartments, when fish tried to enter the stimulus section with the
unrewarded signal on the electrodes. Simultaneously with receiving reward or
punishment, the stimulus was turned off.
The electric dipole for stimulation consisted of two vertical carbon rods
(diameter, 0.5cm; length, 1.0cm; separation, 7.8cm) fixed on a horizontally
oriented piece of transparent acrylic tubing (diameter, 1.3cm; length, 12cm),
which also held the leads, sealed with silicone rubber. The dipole was oriented
parallel to a fish's shelter, 2 cm from the short aquarium wall opposite the plastic
mesh partition.
Absolute thresholds were determined by go/no-go conditioning of two fish. A
fish resting in its shelter was presented for at least 60s with the stimulus. After it
had moved to the plastic screen and had remained there for more than 10 s without
passing to the other side, the stimulus was turned off. A positive response was
recorded when a fish passed the opening in the plastic screen in order to get its
food reward (Fig. 1). A 50% probability of responding was the threshold
criterion. For each frequency tested, 16-33 trials were performed; the inter-trial
interval varied from 2 to 4min.
The sine wave signal was generated by a Hameg HM 8030-3 function generator
(harmonic distortion, max. 0.04dB); intensity was controlled by a HewlettPackard model 350D attenuator. The stimulus signal was made symmetrical
( + / - ) about zero by a small transformer (100Hz-18 kHz) between the attenuator
and the dipole. A fish's EOD frequency was measured with a Hameg8021-3
electronic counter (±0.01% at 500Hz) after differential amplification (xlOO;
1 Hz-10kHz). Stimulus intensities were measured next to the plastic screen (home
section side), using a small silver ball dipole (ball diameter, lmm; separation,
10 mm) and a differential amplifier.
Thresholds were determined by the 'staircase' method; starting from subthreshold intensities, stimulus intensity was increased in 10 dB steps until a response
was observed. By subsequently reducing the stimulus intensity by 5dB, the
threshold was determined within a 5dB interval. By subsequently splitting the
remaining interval in half (by increasing or lowering the stimulus intensity),
thresholds were determined to ± l d B .
To determine difference thresholds, both the electric apparatus and the training
procedure were modified. Instead of a continuous sine wave, sine wave bursts
were used (Fig. 2). The output of a programmable signal generator (HewlettPackard model 3314A, or 3325A for better than l H z frequency resolution;
frequency accuracy of sine waves ±0.2 % or ±0.0005 %, respectively) was fed into
a programmable pulse shaper. These devices were controlled by a small computer
(Hewlett-Packard model 85A) via a digital interface (HP-IB-Bus). Timed by the
computer, the pulse shaper generated the rise and fall times (50 ms), as well as the
holding (250 ms) and the silence (150 ms) times of the signal. The pulse shaper also
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Fig. 2. Sine wave bursts as used for determining discrimination thresholds. (A) A
series of sine wave bursts of constant intensity and frequency served as the negative,
unrewarded stimulus (S—). (B) For studying intensity discrimination, the S+, or
rewarded, stimulus consisted of constant-frequency sine wave bursts that alternated in
intensity (by 3dB in this example), with the lower intensity being the reference
intensity (identical to the associated S— stimulus). (C) Frequency discrimination was
studied using sine wave bursts of constant intensity, but alternating in frequency, as the
S+ stimulus (the lower frequency was the reference frequency). For the illustration,
but not for the experiments, very low frequencies (of 30 and 40Hz) were chosen. All
traces last 3.9s.

served for programmed signal attenuation; it is described in more detail in Kramer
and Weymann (1987). For the S+ stimulus, the sine wave bursts alternated either
in intensity or in frequency; the basic intensity was +30 dB with reference to the
absolute threshold at each frequency. The frequency of the S— signal was the
lower of the two frequencies used for the S+ signal. The frequency of the S—
stimulus was l H z above a fish's resting EOD frequency, one of three lower
frequencies or one of three higher frequencies (see Fig. 6). The stimulus frequency
was undamped, that is, constant throughout one presentation. Frequencies were
chosen as a random sequence. The interval between stimuli was at least 2min; a
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stimulus was presented for up to 20 s. The smallest stimulus increments used were
0.25 dB for intensity and 0.25 Hz for frequency, near the EOD frequency of a
particular fish. For other test frequencies, the smallest increments used were 1 dB
and l H z .
Discrimination conditioning was similar to the procedure detailed for absolute
threshold estimation, except that a negative stimulus (S—) had to be discriminated
from a positive, rewarded one (S+), and that the stimulus was turned off when a
fish had shown no response for 20 s. Responses of the fish were recorded as (1)
go/no-go responses (that is, 'yes' or 'no') and (2) the latency from stimulus onset
to the fish passing the opening in the screen. Both methods yielded similar results.
50% thresholds were estimated by interpolation from the curves for choice
frequency versus stimulus increment (an example is shown in Fig. 5). The
associated latencies for the S+ stimulus just above threshold were all significantly
shorter than those for the S - stimulus (Mann-Whitney [/-test, P<0.05, onetailed; Sachs, 1984; see, for example, Fig. 4). The graphs in this paper all show the
50 % thresholds, although in some cases the thresholds determined by the latency
method were smaller.

Results
Absolute thresholds
Absolute thresholds for sine wave stimuli of constant frequency were determined as a basis for the subsequent experiments focusing on intensity and
frequency difference limits. Threshold frequency curves closely resembled those
determined by Knudsen (1974), with lowest thresholds near EOD frequency
(Fig. 3). However, near EOD frequency, Knudsen's thresholds are lower than
ours (0.2-0.3/iV p _ p cm" 1 versus 1.75-2.60/xVp_p cm" 1 , respectively). Differences
in methods may explain part of the variation (in Knudsen's study, the water
conductivity of 500/xScm"1 was much higher; the threshold criterion of 70%
somewhat 'weaker' than ours, which would correspond to 75 % in his procedure; a
measuring dipole of 5 cm, instead of lcm electrode separation: all these
differences tend to lower the thresholds).
Thresholds rose with a mean 6.8 dB octave" 1 on the 'low', and 16.3 dB octave" 1
on the 'high' side of the 'best' frequency near a fish's EOD frequency (Fig. 3). The
transition from 'no go' to 'go', or 0% and 100% responses, occurred within a
narrow intensity range of only 2-4 dB at all frequencies.
Discrimination thresholds
Discrimination thresholds were determined by an equivalent of the 'pulsed
sound technique', as used in auditory studies (see, for example, Fay, 1988). For
the S+ stimulus, electric sine wave bursts alternated either in intensity (but not
frequency) or in frequency (but not intensity; Fig. 2), while the S— stimulus was a
constant series of bursts. Fish could thus compare the stimuli directly, and the
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Fig. 3. Eigenmannia's absolute detection thresholds of sine waves of steady frequency
and intensity. Left ordinate, stimulus intensity in juVp-pCm"1; right ordinate, in dB
with respect to the lowest threshold (1.75/iVp_pcm ) at 450 Hz, close to the fishes'
discharge frequency). Dashed and solid lines, the two fish used in the present
experiments; dotted line, Knudsen's (1974) result with one of his two fish, discharging
at 290 Hz. Arrows, individual electric organ discharge (EOD) frequencies.

results did not depend on a precise geometrical relationship relative to the
stimulus dipole. Lowest thresholds can be expected with this method.
Frequency discrimination
Responses were recorded as percentage correct choices, and also by testing for
significantly shorter response latencies (delay from the stimulus onset to the fish
passing the opening in the screen partition). Both methods yielded generally
consistent results; that is, an S+ stimulus of the smallest frequency difference (A/)
that still evoked significantly shorter response latencies compared to the S—
stimulus was normally associated with greater than 50 % of correct choices (the
threshold criterion). Thresholds were determined from the percentage correct
choices curves by linear interpolation between the two points that straddled the
50% line (see Fig. 5).
For example, at a stimulus frequency l H z below their individual discharge
frequency, the smallest A/that was still discriminated was 0.75 Hz in all three fish,
as determined by significantly shorter latencies for the S+ compared to the S—
stimulus (Fig. 4). The associated percentages of correct choices were 75 %, 80%
and 47 % (Fig. 5). Clearly, the unknown 'true' thresholds were lower than the test
C^/of 0.75 Hz in the first two fish, while in the third this A/may be assumed to be
very close to the 'true' threshold. Therefore, thresholds were approximated by
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Fig. 4. Mean response latencies (s) ±S.E. of three Eigenmannia to a rewarded
stimulus, S+ (open columns), and an unrewarded stimulus, S— (hatched columns).
The S+ stimulus was a series of sine wave bursts, close to a fish's individual EOD
frequency, that alternated in frequency by 0.75 Hz. The S— stimulus was identical to
the S+ stimulus except that all sine wave bursts were of constant frequency (no
alternation). The stimulation was stopped when a fish had shown no response after
20 s. An S+ stimulus with a frequency difference (A/) of 0.75 Hz (as used here) was the
smallest A/ that yielded significantly different results compared to the S— stimulus
(P<0.05 in each pair of columns).

-*- Fish 1 (455 Hz)
— Fish 2 (460 Hz)
— Fish 3 (520 Hz)
-e- Threshold
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Fig. 5. Estimation of discrimination thresholds based on the percentage of correct
choices (ordinate). Abscissa, frequency difference of the alternating sine wave bursts
that distinguished the rewarded stimulus, S+, from the unrewarded stimulus, S—
(consisting of constant-frequency sine wave bursts). The reference stimulus frequency
was 1 Hz above a fish's individual resting frequency. Thresholds were determined as
the intersection of the percentage correct choices curves with the 50 % line; difference
thresholds were below lHz in each fish.
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Fig. 6. Frequency discrimination thresholds as a function of the stimulus frequency.
Note that the lowest discrimination thresholds were observed close to each fish's
individual discharge frequency (arrows; three fish). Lowest thresholds ranged from
0.52 to 0.79 Hz.
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Fig. 7. Thresholds for relative frequency discrimination (Weber-Fechner ratio, A///)
over stimulus frequency. Lowest values (best relative frequency discrimination) were
observed close to the three fishes' individual discharge frequencies (arrows), while
there was a dramatic rise at lower frequencies, much more marked than at higher
frequencies. Best relative frequency discrimination values were 0.11-0.17% of the
stimulus frequency.
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interpolation for 50 % correct choices, as shown in Fig. 5. This yielded thresholds
of 0.52 and 0.60 Hz for the first two fish, while the third fish's apparent threshold
rose slightly to 0.79 Hz by this procedure.
Thus, A/thresholds ranged from 0.52 to 0.79 Hz at stimulus frequencies close to
the three test fishes' individual discharge frequencies. Frequency discrimination
was best at these frequencies, and rose for both lower and higher frequencies
(Fig. 6). On the 'low' side of a fish's EOD frequency, discrimination thresholds
rose at a rate of up to 1 Hz octave" 1 , while this value was up to 3 Hz octave" 1 on
the 'high' side. At 50Hz stimulus frequency, A/thresholds were still ^4Hz; at
1700 Hz, below 5 Hz.
The Weber-Fechner ratio expresses these A/values as a fraction of the stimulus
frequency. For example, close to the three test fishes' individual EOD frequencies, A/ thresholds were 0.11%, 0.12% and 0.17% of the stimulus
frequency. The ratio deteriorated considerably at low frequencies (up to 8 % in
two fish and less than 4 % in the third, at 50Hz stimulus frequency), while it
remained remarkably low (that is, good frequency discrimination) at frequencies
higher than the EOD frequency (less than 0.6 % throughout the whole 'highfrequency' range tested; Fig. 7).
Intensity discrimination
The same procedures as those detailed above for frequency discrimination were
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Fig. 8. Intensity discrimination thresholds for electrical, compared with auditory,
stimuli, as a function of stimulus frequency. Ordinate, difference between sine wave
bursts alternating in intensity. (A) Note that, in Eigenmannia, lowest electrosensory
discrimination thresholds were observed close to each fish's individual discharge
frequency (arrows; three fish). Lowest thresholds ranged from 0.56 to 1 dB. (B) Thresholds for auditory intensity discrimination in the goldfish (Fay, 1989) and human
(Jesteadt et al. 1977) compared with the electrosensory thresholds of our most sensitive
Eigenmannia (from A).
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used for the investigation of the fishes' intensity discrimination, except that the
sine wave stimuli used in a trial were of constant frequency throughout, for all
seven test frequencies.
Not only frequency discrimination but also intensity discrimination were best
close to a fish's individual discharge frequency: thresholds for an intensity
difference (AT) were l d B in two fish, and 0.56 dB in the third fish (a mean A/of
0.83 dB; Fig. 8A). Intensity discrimination deteriorated only slowly at both lower
and higher stimulus frequencies than the EOD frequency. On the 'low' side, A/
thresholds rose at a rate of less than l d B octave" 1 , while on the 'high' side, this
rate was below 2dB octave" 1 .
Discussion
This is the first study of electrosensory difference thresholds for frequency and
intensity (excluding a study of pulse-rate discrimination in a pulse-discharging fish,
Pollimyrus isidori; Kramer and Heinrich, 1990). Before discussing the main issues
of the present paper, Eigenmannia's absolute threshold for sine waves should be
briefly considered.
Absolute electrosensory threshold
As already observed by Knudsen (1974), and also seen in the present paper
(Fig. 3), the absolute threshold of trained Eigenmannia for sine wave stimuli of
constant frequency and amplitude was lowest close to their own individual
discharge frequencies, with thresholds increasing steeply at both lower and higher
frequencies. A V-shaped curve was also found for the tuning curves of individual
electroreceptors (especially for the T-units; Scheich etal., 1973; Hopkins, 1976).
Thresholds for the spontaneous jamming avoidance response, evoked close to a
fish's individual discharge frequency, are generally within the same range: about
10/iVcm" 1 (Watanabe and Takeda, 1963; Larimer and MacDonald, 1968);
O.S/iVp.pCirT1 (Bullock etal. 1972) and about 2/*V p _ p cnr 1 (Kramer, 1985).
These results were obtained using widely differing water conductivities and
techniques. The present thresholds for a conditioned go response (1.75-2.6//Vp_p
cm" 1 ; Fig. 3) correspond best to the JAR threshold of Kramer (1985), determined
at the same water conductivity (lOO/xScm"1). This remarkable coincidence of
thresholds for totally different behaviors, determined by totally different techniques, shows that the JAR is indeed evoked by stimuli as weak as the absolute
sensory threshold.
Electrosensory frequency and intensity discrimination
Not only did Eigenmannia discriminate electric sine waves of different frequencies, but its frequency resolution was particularly high. Eigenmannia discriminated differences as low as 0.52Hz (0.60 and 0.79Hz in two other fish), or
• . 1 1 % of the stimulus frequency (0.12% and 0.17%, respectively). Close to a
fish's discharge frequency, discrimination thresholds were lowest; they rose at
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rates of up to 1 Hz octave" 1 and up to 3 Hz octave" 1 at lower and higher
frequencies, respectively.
Eigenmannia's best frequency resolution, as determined in the present study,
compares well with that determined for the JAR, using the polarity reversal of the
response in juveniles as a criterion ('not better than ±0.3Hz', that is, 0.6Hz;
Kramer, 1987). This suggests that the same sensory mechanism is involved (that is,
the analysis of the amplitude and phase modulations of the beat patterns, resulting
from the superposition of the stimulus field with the fish's own electric field;
Scheich, 1977; Heiligenberg, 1989). However, in those fish that do show the
response (Kramer, 1987), the JAR resembles a reflex-like behavior, and there
frequency discrimination need not be involved. By contrast, our trained fish had to
show that they had detected a frequency difference by their overt behavior.
Eigenmannia also showed acute intensity discrimination when stimulated with
sine wave bursts of alternating intensity (Figs 2, 8). The discrimination threshold
close to a fish's individual EOD frequency was as low as 0.56 dB (1 dB in two other
fish). The JAR also shows strong intensity-dependence, which is proportional to
the logarithm of the stimulus intensity (Watanabe and Takeda, 1963; Kramer,
1985). (The slope of this relationship is, however, highly variable among
individuals; Kramer, 1987.) The resolution of Eigenmannia's intensity discrimination was best at stimulus frequencies close to its own individual discharge
frequency; difference thresholds rose at both lower and higher frequencies by less
than l d B octave" 1 and less than 2 dB octave" 1 , respectively (Fig. 8A).
Comparison of discrimination thresholds with natural signals or signal
modulations
The difference thresholds, as determined in the present paper, may be
compared with signals or signal modulations occurring in object detection and
communication, the two functions of the electrosensory-motor system.
In active object detection, an Eigenmannia discriminating an intensity change of
its own EOD of 0.56 dB, or 7 %, would be able to detect a distance change of an
object (metal cylinder) 4 mm in diameter by 0.32 mm at a distance from the fish's
skin of 10mm (calculated according to Bastian, 1986; Fig. 3B).
A frequency difference threshold of 0.5 Hz appears to be well adapted to
Eigenmannia's habit of communicating by frequency modulations (although
waveform recognition is also involved; see Introduction). The standard deviation
of Eigenmannia'?, normal resting frequency fluctuations over 1 min is below
±0.125 Hz (N=1200 EODs sampled over lmin; Kramer, 1987). This fluctuation
should be below the detection threshold. By contrast, frequency modulations
displayed during social signalling (see review by Hagedorn, 1986) are all greater
than the difference threshold. For example, 'long rises' consist of a smooth
increase in frequency over several seconds, by 2.5-40 Hz; 'short rises' consist of a
20-40 Hz change over 1-2 s; 'frequency drops' of about 20 Hz are followed by an
increase to the resting frequency over about 45 s; 'warbles' consist of frequency
modulations of up to 20Hz over about 45s (etc.).
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Electrosensory versus mechanosensory discrimination thresholds
Difference thresholds are known for other acoustico-lateral senses in lower
vertebrates - for water surface waves and in audition. The surface-feeding
topminnow (Aplocheilus lineatus) detects and localizes prey by water surface
waves. Its frequency resolution is 10% (2 Hz at 20 Hz stimulus frequency; see
review by Bleckmann, 1988). The clawed frog's (Xenopus laevis) best frequency
discrimination of water surface waves is 4 % ; it is found at 14Hz stimulus
frequency (Elepfandt et al. 1985).
A pulse-discharging mormyrid fish, Pollimyrus isidori, discriminates a 2%
variation in the rate of electric pulses at 20pulsess" 1 and a 3 % variation at
10 pulses s" 1 (similar to the human stimulated with sound clicks; Kramer and
Heinrich, 1990). For technical or physical reasons, these studies could not use an
equivalent of the 'pulsed sound technique', as employed in the present paper;
therefore, these studies represent thresholds for 'absolute pitch' (no direct
comparison of frequencies or rates). Lower thresholds would be expected should
the 'pulsed sound technique' be used. This technique was, however, applied in
studies of the goldfish's hearing; the best frequency resolution of 3.5% of the
stimulus frequency was found at 500 Hz (40 dB sensation level; Jacobs and
Tavolga, 1968) or 3.7% at 400Hz (35 dB sensation level; Fay, 1970).
This short hst shows that Eigenmannia's electrosensory frequency difference
thresholds given in the present study, although determined at a comparatively low
sensation level, are without parallel among the other acoustico-lateral senses of
lower vertebrates. Even the most sensitive of the higher vertebrates with a cochlea
(see review by Fay, 1988), like the European starling (Sturnus vulgaris, at 60 dB
sensation level; Kuhn et al. 1980) or the human (at 40 dB sensation level; Wier
et al. 1977), cannot better Eigenmannia's electrosensory frequency discrimination
of 0.11-0.17 %, being 0.4 % and 0.16 %, respectively, at these species' respective
'best' frequencies for sound signals (however, Zwicker, 1982, gives only 0.7 % for
the human at 60 dB sensation level, a value perhaps more typical for most
members of our species). To our knowledge, it is only in a bat that we find an even
better frequency resolution than that of Eigenmannia: 0.05 % in the greater
horseshoe bat Rhinolophus ferrumequinum, apparently at 80 dB sensation level
(Heilmann-Rudolf, 1984). However, this superior auditory acuity is present only
within an extremely narrow range (±1 kHz) about the sonar frequency of 83 kHz,
because of the bat's specialized cochlea (Bruns, 1976; Vater et al. 1985).
Behavioral absolute thresholds increase at up to 170 dB octave" 1 with increasing
difference from the sonar frequency (Long and Schnitzler, 1975).
A comparison of electrosensory and auditory frequency discrimination
thresholds, including a lower vertebrate without and a higher vertebrate with a
cochlea, in relation to stimulus frequency is shown in Fig. 9. All three species
display a loss of frequency resolution below 500 Hz, or, in Eigenmannia, below its
discharge frequency; this loss is especially rapid in Eigenmannia. At its 'best'
•requency, however, the lowest threshold is found in Eigenmannia, and it remains
remarkably low at high frequencies. At their respective 'best' frequencies, the
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Fig. 9. Comparison of electrosensory and auditory frequency discrimination in three
vertebrates (Eigenmannia, electrosensory; N=3). Relative frequency discrimination is
expressed as Weber-Fechner ratios (A///) as a function of stimulus frequency (Hz) at
similar sensation levels (Eigenmannia, 30dB; goldfish, 35dB; human, 40dB). Note
that the lowest difference threshold occurs in Eigenmannia, at a stimulus frequency
close to its discharge frequency of 450 Hz, although no specialized transducer, like
man's cochlea, functions ahead of the receptor cells. Eigenmannia'% electrosensory
frequency resolution shows, however, a dramatic decline at lower frequencies
compared to the frequency of best resolution; at higher frequencies, its frequency
resolution remains remarkably high (goldfish, Fay, 1970; human, Wier et al. 1977).

goldfish should detect the slight mismatch of two pure tones that are separated by a
little more than a quarter tone on the musical scale; a human, 1/77 tone (only 1/17
tone according to the value given by Zwicker, 1982); and Eigenmannia, about
1/100 'tone' (from 1/72 to l / l l l , depending on the individual).
The relative constancy of electrosensory thresholds (expressed as WeberFechner ratios) at higher frequencies relative to a fish's discharge frequency
reminds one that sine waves of subharmonic frequencies (that is, half, one-third,
etc. of the EOD frequency) do not evoke a JAR, whereas for higher harmonics the
effective frequency difference remains constant (Bullock et al. 1972; Kramer,
1985).
More controversial than its auditory frequency discrimination is the goldfish's
ability to discriminate small changes in level between two pure tone bursts of the
same frequency, with the lowest values ranging widely from about 1.3 dB at 55 dB
sensation level (Fay, 1989) to 4dB at 40 dB sensation level (Jacobs and Tavolga,
1967) in the range 200-300 Hz (Fig. 8B). The goldfish's intensity discrimination
thresholds show little dependence on frequency, being only 2.2 dB from 100 to
1600F£z (on average 0.7dB higher at the lower sensation level of 35 dB; Fayi
1989). At only 30dB sensation level, Eigenmannia's thresholds for electrosensory
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intensity discrimination were equal to or below 2dB from 50 to 1700 Hz, with the
exceptions of fish no. 1 at 50Hz and fish no. 3 at 1700 Hz (thresholds below 3 dB;
Fig. 8A). In all three fish, there was a sensitivity maximum close to a fish's
individual discharge frequency, with fish no. 3 presenting the very low threshold of
0.52 dB (or 7 % change). Even for the human, one of the most sensitive vertebrate
species, not only for sound frequency but also for sound intensity discrimination,
the lowest threshold is greater (0.89 dB at 600Hz and 40dB sensation level,
Fig. 8B; Jesteadt etal. 1977).
Mechanism of electrosensory frequency discrimination
What is so special in Eigenmannia's electrosensory system that such superior
frequency and intensity discrimination is achieved? All other species mentioned so
far, except the bat and Eigenmannia, must deal with unpredictable signals
received from the environment, varying over several orders of magnitude in
frequency and intensity. Eigenmannia and the bats emit their own energy at stable
amplitudes and frequencies. Therefore, receptor sensitivity on the one hand, and
amplitude and frequency of the 'test' signal on the other, are coadapted.
Receptors are stimulated at their 'best' frequency, and information about the
environment is encoded as modulations of the self-generated signal. In contrast to
the horseshoe bat, which extracts information about the environment by successive comparison of its emitted sonar pulse with the received echo (which is weak
and variable in intensity, but of similar frequency to the emitted sound pulse),
Eigenmannia performs a simultaneous analysis of its own EOD superimposed on
another electrostatic field (beat analysis), using receptors stimulated at their 'best'
frequency and best working range. Eigenmannia's EOD as a 'carrier' signal is
modulated in amplitude and phase by the extraneous electric field, according to
that signal's frequency difference, amplitude and waveform (see, for example,
Kramer and Otto, 1991). Eigenmannia's tuberous receptors, P- and T-receptors,
transmit this amplitude and phase modulation to higher brain centers where the
frequency difference is probably computed (see reviews by Heiligenberg, 1989;
Carr, 1990). We have now shown that Eigenmannia detects a small change in the
frequency difference between its own EOD and an extraneous sine wave.
In contrast to the bat, Eigenmannia does not need exceptionally sharp tuning of
its electrosensory periphery; hence, it incurs neither the considerable cost in
frequency band transmitted nor the waveform deformation that is associated with
sharp tuning (the waveform carries socially relevant information; see Introduction; Kramer and Otto, 1991). Instead, Eigenmannia carries out a time-domain
analysis of the beat pattern which is repeated at a much lower frequency than the
signal to be analyzed (the difference frequency between the EOD and the
extraneous signal). The difference frequency increases at both lower and higher
frequencies relative to a fish's discharge frequency; as does the frequency
discrimination threshold.
This work was supported by the Deutsche Forschungsgemeinschaft (Sonder-
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Extracellular dopamine in the anterior nucleus accumbens is distinctly
affected by ventral tegmental area administration of cholecystokinin and
apomorphine: data from in vivo voltammetry
Reum T, Fink H, Marsden CA, Morgenstern R.
Institute of Pharmacology and Toxicology, Medical Faculty (Charité), HumboldtUniversity at Berlin, Germany.
The interaction of cholecystokinin (CCK) and dopamine (DA) in the mesolimbic
system was investigated. The study focused on DAergic cells not containing
colocalized CCK projecting from the ventral tegmental area (VTA) to the anterior
nucleus accumbens (NA). Differential pulse voltammetry in pargyline pretreated
and anesthetized rats was used to measure extracellular DA in the anterior NA
following microinjection of apomorphine either alone or in combination with CCK8s into the VTA. In agreement with an earlier study there was a dose-dependent
increase in the DA signal in the anterior NA after microinjection of CCK-8s into the
VTA. Apomorphine microinjected into the VTA produced a biphasic effect on
extracellular DA in the anterior NA with an increase from basal levels of
approximately 50% by 1 ng, whereas 10 ng was ineffective and 100 ng
apomorphine caused a slight decrease in the DA signal. Apomorphine (1 ng)
microinjected together with 1 ng CCK-8s produced an increase in the DA signal to
approximately 180% of the baseline value, whereas the combination of 1 ng
apomorphine and 100 ng CCK-8s was ineffective. When 100 ng apomorphine were
microinjected in combination with either 1 ng or 100 ng CCK-8s, the DA signal in
the anterior NA was unchanged. These results suggest that low doses of
apomorphine injected into the VTA synergistically influence the effects of CCK-8s
on extracellular DA in the anterior NA, whereas higher doses of apomorphine
suppress the effect of CCK-8s on DAergic cells projecting to the anterior NA.
PMID: 9639255 [PubMed - indexed for MEDLINE
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The atoms of all things are made of mostly electrically charged electrons and
protons, with neutrons and other miscellaneous sub atomic particles. Everything
has a electric field around it because of the electrons and protons that make it
up. The workings of these atoms is covered in chemistry. In chemistry we learn
that most atoms have imbalances in their outer electron shell. So they seek
atoms that can help to fill theses shells. These shells are only explained in
quantum physics. All things are only describable with quantum physics. All other
physics description are only superficial. The electrons are placed far around the
nucleus of the atom. If the nucleus is the size of a golf ball the elecron is less
than the sharp point of a pin and about a half mile away from the nucleus. The
truth is that we are mostly all empty space. Space that is full of fields. Fields that
interact and make biology possible. To study biology we must study these fields.
But these fileds are only explainable thru electronics and quantum physics.
What we call modern medicine is not modern at all. Infact it is based in
antiquated science of thermodynamic newtonian physics and old style chemistry.
Today a trully modern science is based in non linear fractal quantum
electrodynamics. We need a more trully modern medicine. A medicine of the
body electric.
Everything has a electric field around it because of the electrons and
protons that make it up. We all know about these fields today especially if you
have travelled and had to go thru a metal detector. The metal detector senses
the magnetic field of metal. Metals have a strong magnetic field. Other
substances have a weaker or paramagnetic field such as water. Water has a
weak field. Some things have an almost nil field and some substances such as
bismuth have a negative magnetic field. But Everything has a electric field
around it because of the electrons and protons that make it up.
To study the body, we need to study the body electric and use QED as our
scientific guide. The first really definitive book on Quantum Electro Dynamics
(QED) is in 1961. QED dates back to the fifties, but Feynman’s work was most
definitive.
In 1968 William Nelson learned of the idea that there was an electrical
detectable field around all things. This field around a non-living compound would
be stagnant or just slightly consistent. A live organism would have a reactive and
adaptive field, drawn towards nutrition and repelled from toxins. In 1969 while
working at AC Electronics, Milwaukee, Wisc. a division of General Motors, who
made the navigation gyro for the Apollo project, Nelson found the value of the
Trivector system. People try to reduce complex systems to more simple terms.
We must describe shape in at least three dimensions. Some people reduce this
to one dimension, like a single frequency. The mistake of the energetic medicine
people with little or no scientific background. Others read about electronics and
see two dimensional wave forms like a sine wave. On paper it is two
dimensional, but in reality it is a three dimensional spiral, that only appears two

dimensional inform from one position. All of electronics is in a minimum of three
dimensions.
In electronics we learn early of the right hand rule. As an electron moves
on the direction of the thumb a magnetic field is generated at 90% to the flow,
and an electrostatic field is generated at yet another 90%. Thus all of electricity is
at least three dimensional in nature. And all of shape is at least three dimensional
in nature. Volt-ammetry trivector is just an electronic display of the three
dimensional forces that surround a substance. Although there is an abundant
amount of three dimensional volt-ammetry today Nelson pioneered it in 1987.
In 1972 thru 1974 the first experiment was done at Youngstown State
University to evaluate this reactive field of a person. In this study 40 couples
were assayed for their trivector reactions to their partner being subjected to
optical stress. The tested subject was assayed for measures of voltage,
amperage, and resistance with a polygraph. There was a definable Bio-electro
trivector reaction. The trivector body electric was substantiated as a working
model of biological procedure
The first extensive assay of these factors was done in 1988, then again
1994 and now in 2007. One of those papers was presented at the Hungarian
Diagnostic and Laboratory World Seminar in September, 1994, in Pecs, Hungary
(a major world_wide congress on laboratory and diagnostic techniques). The
1989 paper was the basis of USA registration of the EPFX. After four decades
there was a need for a more complete reevaluation.
Papers on the subject of AIDS were presented in Singapore, 1995. At the
Sexually Transmitted Disease International conference.
Results with cancer patients were presented at the International
conference of Oncology in Paris France 1996. Many other presentations and
papers have been published on an international scale.
This review report scrutinizes a comparison between cultured blood, skin,
urine, lymph and stool results, and SCIO Electro_Physiological_Feedback EPR
reactivity. Events display that the Xrroid has a very high interdependence to
culture results, and thus the Xrroid is very helpful in determining the electrical
reactivity of the patient, and in determining the type of infection the patient might
have. The over_all correlation was approximately 91%. The existence of many so
called false positives or infections that are subclinical makes reading difficult.
This makes the SCIO profile a good pre_diagnostic tool.
Electro_Chemistry has been a respected and developed science for many
decades. Thousands of articles and books have been written on the subject. It is
also known as polography.
A three_dimensional (TRIVECTOR) topological electro field can be
measured which shows the relationships among various time_dependent

volt_ammetric techniques using micro electrodes. Intersections of the surface
with appropriately oriented planes represent conventional polarography,
chronopotentiometry, polarography at a stationary electrode, and
constant_potential voltammetry.
Homeopathy is dependent on a shape transfer process. The activation of
neuro_emotional shape receptors can offer an explanation of homeopathy. Our
TRIVECTOR three_dimensional topological field time_dependent voltammetric
techniques offers a good compatibility with the TRIVECTOR resonance system.
This has been shown to provide an accurate system of homeopathic analysis.
This article will only deal with the three_dimensional topological field
time_dependent voltammetric techniques as part of a whole system for
homeopathic shape analysis.
In 1983 I developed a trivector system of analyzing the volt_ammetric
signature of a compound. I developed a three dimensional system I refer to as
the trivector. The basic theory was to make a volt_ammetric_ electro_chemistry
analysis systrm that would be as similar to the actual process in the body. So the
volt_ammetric test should use volts and amps similar to the actual body
potentials. Thus the measured volt_ammetric signature would be very similar to
the actual body natural processes.
Nerve Impulse and Cardiovascular Electrochemistry
The importance of transmembrane potentials in cells has been demonstrated. Since the
cells are totally enclosed by a membrane they naturally form an electrochemical cell.
The cellular fluids contain sufficient concentrations of sodium, potassium, and chloride
ions to be a good electrolyte, and potential differences originate in the intra- and
extracellular membrane surfaces. We now discuss what happens when there is an
external depolarizing or hyperpolarizing stimulus in the cases of the nerve impulse and
cardiovascular problems. The action potential is the response to the stimulus which puts
the biological electrochemical cell outside equilibrium. They have been accurate in
measuring sarcodes and other hormonal, enzymatic, and interstitial reactions. These
reactions depend on a shape receptor stimulus that recieves a three dimensional shape
signal. The receptor sites also stimulate neuorological reactions.
The nerve impulse
The nerve cell membrane separates the external from the internal cell fluid, as does
any cell membrane. As is true of virtually all cells, the intra- and extracellular fluids are
electrolytic solutions of almost equal conductivity, but their chemical composition is very
different. The ions present in largest quantities are sodium and potassium. The species
in the external fluid are made up of more than 90 per cent sodium and chloride ions: in
the cell interior there are principally potassium and organic ions that cannot pass
through the membrane, only 10 per cent of the ions being sodium and chloride.
The nerve impulse is called the action potential, and consists principally of two events
that occur consecutively: an influx of positive charge

Proteins (because of their amphoteric properties) and nucleic acids (because of their
phosphate groups) are both polyions, exhibiting the behaviour of a polyelectrolyte in
solution. They have been accurate in measuring allersodes as that they are proteins
and phenol compounds that can provoke allergic response. The tivector allersodes
have had quite a record of success in the medical arena.

Cellular membranes are usually made up of approximately 40 per cent lipids and 60
per cent proteins. These percentages can vary in certain cases: for example, the
internal membrane of mitochondria has 20 per cent lipids and 80 per cent proteins, and
myelin has 80 per cent lipids and 20 per cent proteins.

At the present time, with the development of new electrochemical methods and new
electrode materials a large amount of research has been carried out in the
electrochemistry of proteins, enzymes, and cellular components. The trivector has had
a rich history of medical acclaim. Electrochemical experiments, in conjunction with
other techniques, have provided a successful ability to measure nosodes, allersodes,
isodes, sarcodes and classical homeopathics. Then by analyzing the patient’s reactivity
to such items a integral health profile can be ascertained
We have developed a view of present developments and research in
bioelectrochemistry. It is not possible to describe the electrochemical aspects of all
kinds of biological events and processes occuring in living systems, but some
examples will be presented and discussed to give an idea of the extent of
bioelectrochemistry. The Volt-Ammetric signature have been accurate in measuring
nosodes, isodes, allersodes, sarcodes, and classic homeopathics as determined in
many medical references.
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Hippocampal norepinephrine-like voltammetric responses following
infusion of corticotropin-releasing factor into the locus coeruleus
Palamarchouk VS, Zhang J, Zhou G, Swiergiel AH, Dunn AJ.
Department of Pharmacology and Therapeutics, Louisiana State University Medical
Center, Shreveport, LA 71130-3932, USA.
Intracerebroventricular (i.c.v.) administration of corticotropin-releasing factor
(CRF) increases the activity of noradrenergic neurons in the locus coeruleus (LC)
assessed by electrophysiological and neurochemical studies. It has been suggested
that this effect of i.c.v. CRF is exerted directly on LC noradrenergic (LC-NE)
neurons. Infusion of CRF directly into the LC increases cortical and hippocampal
release of norepinephrine (NE) as indicated by in vivo microdialysis studies, but the
electrophysiological studies have shown both increases and decreases. The present
study used in vivo voltammetry to study changes in the extracellular concentrations
of NE in the rat hippocampus in response to infusion of CRF (100 ng) into the LC.
When the infusion cannula was located in or very close to the LC, the immediate
response to CRF was a small decrease in the NE-like oxidation current, followed by
a robust increase after about 6-7 min. The oxidation current reached a peak around
13 min and returned to baseline by about 30 min after CRF infusion. By contrast
with CRF, infusion of glutamate into the LC increased the oxidation current with a
delay of around 30 s and a peak within 90 s. The responses to LC infusion of CRF
in rats treated with DSP-4 to deplete hippocampal NE were substantially smaller
than those in untreated rats, suggesting that the oxidation signals in untreated rats
reflected changes in concentrations of NE. The response to glutamate was markedly
augmented by pretreatment with the NE reuptake inhibitor, desmethylimipramine,
suggesting that the observed responses reflected changes in NE. Infusion of the
same dose of CRF into brain structures outside the LC did not elicit consistent
changes in oxidation current in the hippocampus. The time course of the responses
to CRF is compatible with previously reported electrophysiological responses of
LC-NE neurons to CRF and with neurochemical evidence indicating that CRF can
affect the activity of LC-NE neurons. The results indicate that CRF may act in or
close to the LC to induce release of hippocampal NE, but the delayed response to
CRF compared with that to glutamate, suggests that CRF does not directly activate
LC-NE neurons.
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Increased dopamine release in vivo by estradiol benzoate from the central
amygdaloid nucleus of Parkinson's disease model rats
Liu B, Xie J.
Department of Physiology, Medical College of Qingdao University, Qingdao, China.
In addition to the dopaminergic neurons in the nigrostriatal system, the properties of
dopaminergic neurons in the mesolimbic system, such as the amygdala, are also of
interest and importance because of their specific neuromodulatory effects in the
pathophysiology of Parkinson's disease (PD). Using the fast cyclic voltammetry
(FCV) technique, we present evidence to indicate that electrically-evoked dopamine
(DA) release from the amygdala, especially the central amygdaloid nucleus (CAN), of
ovariectomized (OVX) female rats was significantly enhanced with increasing doses
of estradiol benzoate (EB; 30, 50 and 100 microg/kg). Impaired DA release from the
amygdala of an OVX rat PD model can also be increased by EB treatment (50
microg/kg) to a level similar to that of controls. The well established neuroprotective
effects of estrogen may be beneficial for reducing the dysfunction of dopaminergic
neurons in mesolimbic structures of rat PD models and PD patients.
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Inhibition by arachidonic acid and other fatty acids of dopamine uptake at
the human dopamine transporter.
Chen N, Appell M, Berfield JL, Reith ME.
Department of Biomedical and Therapeutic Sciences, University of Illinois College
of Medicine, Box 1649, Peoria, IL 61656-1649, USA.
It is known that arachidonic acid, in addition to promoting release of dopamine, can
inhibit its transport. The present study provides preliminary information on
structure-activity relationships for uptake inhibition by rotating disk voltammetry in
human embryonic kidney-293 cells expressing the human dopamine transporter.
Except for anandamide, all other fatty acids studied at a pretreatment concentration
of 80 microM caused significant reductions in Vmax but not Km. Increasing
saturation of the hydrocarbon tails (partial saturation: oleic acid, linoleic acid; full
saturation: arachidic acid, stearic acid, stearic acid ethyl ester) removed inhibitory
activity incrementally, suggesting a role for cis-unsaturation (folding/bending of
hydrocarbon tails). The relative lack of effect of 5,8,11,14-eicosatetraynoic acid
also supports the idea that less linear structures are less inhibitory on dopamine
uptake. Esterification of the free carboxylic group (arachidonic acid ethyl ester)
prevented most of the inhibitory activity, arguing against mere membrane lipid
disruption. Finally, the endogenous cannabinoid anandamide greatly reduced uptake
Vmax accompanied by a small decrease in Km, a potentially important effect on
dopaminergic neurotransmission.
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Interval-specific event related potentials to omitted stimuli in the electrosensory
pathway in elasmobranchs: an elementary form of expectation
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Summary

Multiunit activity and slow local field potentials show Omitted
Top
Summary
Stimulus Potentials (OSP) in the electrosensory system in rays after
Introduction
a missing stimulus in a 3 to >20 Hz train of microvolt pulses in the
Methods and Materials
Results
bath, at levels from the primary medullary nucleus to the
Discussion
References/Acknowldgements
telencephalon. A precursor can be seen in the afferent nerve. The
OSP follows the due-time of the first omitted stimulus with a,
usually, constant main peak latency, 30-50 ms in medullary dorsal nucleus, 60-100 ms in
midbrain, 120-190 ms in telencephalon - as though the brain has an expectation specific to the
interstimulus interval (ISI). The latency, form and components vary between nerve, medulla,
midbrain and forebrain. They include early fast waves, later slow waves and labile induced
rhythms. Responsive loci are quite local. Besides ISI, which exerts a strong influence, many
factors affect the OSP slightly, including train parameters and intensity, duration and polarity of
the single stimulus pulses. Jitter of ISI does not reduce the OSP substantially, if the last interval
equals the mean; the mean and the last interval have the main effect on both amplitude and
latency.
Taken together with our recent findings on visually evoked OSPs, we conclude that OSPs do not
require higher brain levels or even the complexities of the retina. They appear in primary sensory
nuclei and are then modified at midbrain and telencephalic levels. We propose that the initial
processes are partly in the receptors and partly in the first central relay including a rapid increase
of some depressing influence contributed by each stimulus. This influence comes to an ISIspecific equilibrium with the excitatory influence; withholding a stimulus and hence its
depressing influence causes a rebound excitation with a specific latency.

Key words: Evoked potentials; Event related potentials; Omitted stimulus; Electroreception;
Thornback ray; Stingray
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Introduction
"It will make a great difference to our understanding if we learn which aspects of the variety of central physiological
mechanisms ... related to anticipated and unanticipated sensory input are general ... in lower and higher vertebrates...
The nervous system shows preparedness for expected input in a variety of ways... ." (Bullock 1988)

Expectation is a major function of the nervous system. The term is used here to mean a state
inferred from behavioral or physiological signs that a certain sensory input is anticipated, though
not necessarily consciously. The system is prepared either to respond or not to respond to that
input, within some more or less specific time frame, differently from its response when not in

this state. As in associative learning, habituation, imprinting and reafference to voluntary
commands, the system acts as though it expected the sensory input.
Among the forms of cognitive event related potentials (ERPs), one is the omitted stimulus
potential (OSP), discovered in human scalp recording, as a small and labile wave of positivity
about 300 ms after the moment a missing stimulus was due, in an ongoing series of regular
stimuli at ca. 0.3-1 Hz (Rusinov 1960; Barlow et al. 1965; Sutton et al. 1965, 1967; Klinke et al.
1968; Picton et al. 1974; Renault and Lesevre 1977; Squires et al. 1977; Courchesne 1979;
Hillyard and Picton 1979; Ritter et al. 1979; Ruchkin and Sutton 1979a, b; McCallum 1980; Ford
and Hillyard 1981; Takasaka 1985). Among nonhuman mammals, quite similar ERPs timelocked to the due-time of an omitted stimulus have been reported from intracranial electrodes in
several cortical and subcortical sites in the cat (Baar-Eroglu et al. 1991). In a previous paper we
addressed the question whether an ERP to an omitted stimulus occurs in lower vertebrates
(Bullock et al. 1990). Large omitted stimulus potentials (OSPs) to missing or delayed flashes in a
train of visual stimuli were found in elasmobranchs - in the forebrain and midbrain and even in
the retina. In view of the ISI-specific latency or apparent expectation, this last finding was
surprising and compelled the question whether the several layers of processing in the retina
might account for it.
The present paper asks the question whether such OSPs occur in another sensory modality,
entering the medulla in a sensory column nucleus and lacking the complexity of the retina, and if
so, whether they arise early or late in the sensory pathway. It will be shown that the
electrosensory system - a derivative of the ancient mechanoreceptive lateral line system - has
OSPs and that they arise early, already in the periphery. A preliminary report has appeared
(Bullock and Hofmann 1991).
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Materials and Methods
Rays (Platyrhinoidis triseriata, the thornback and Urolophus halleri, the stingray) were prepared
as described in Bullock et al. (1990), under guidelines established by the University of
California, San Diego and the National Institutes of Health. The brain was exposed under
MS222, after which the anesthesia passed off and the ray was maintained under partial muscle
block with pancuronium bromide (Pavulon, 0.1 mg/kg, intramuscular) in a head holder that
allowed movements of fins and tail to be observed. Gill and spiracle movements showed that the
block was only partial. Even without Pavulon the rays lie quietly, and respiration and heart rate
are normal. Water temperature was maintained close to 15 C. The gills were perfused with
aerated sea water, monitored for satisfactory perfusion by adding methylene blue to the incoming
stream from time to time. Brain circulation was monitored by observing blood flow in the
superficial vessels. Stability of the evoked potentials also monitored the condition of the
preparation, in addition to small movements of the fin margins and the spiracles.

Glass microcapillary or tungsten needle electrodes were inserted within the tissue in four levels
of the electrosensory system: (i) The anterior lateral line nerve (ALLN), intracranially, ca. 4 mm
from the anterior lateral line lobe of the medulla is a nerve which largely consists of axons from
ampullary electroreceptors. (ii) The dorsal nucleus (DN) of the lateral line lobe of the medulla is
an exclusively electrosensory nucleus. (iii) The mesencephalic lateral nucleus (MLN) is
equivalent to the torus semicircularis of the midbrain of other fishes and is electrosensory as well
as mechanosensory. (iv) The telencephalic pallium (TEL) in the middle fifth of the cerebrum,
anteroposteriorly, ca. 1 mm laterally and 2 mm deep is an area in our species equivalent to the
area of the medial pallium from which electrosensory evoked potentials (EP) and multiunit
activity were recorded in Raja by Bodznick and Northcutt (1984).
Stimuli were weak pulses of current injected via long carbon electrodes along the wall at each
end of the bath, supplied from a constant current device. These roughly uniform fields were
longitudinal to the ray, normally head positive, and 10 ms in duration. The intensity was
measured as voltage gradient, by a pair of electrodes placed in the middle of the bath; it ranged
from 5-200 µV/cm. Stray DC fields were uncontrolled but the receptors are known to be
insensitive to DC (Kalmijn 1974; Zakon 1986). The stimulus artifact could be reduced at one of
the brain loci by trial and error movement of the recording reference electrode in the bath, but
could not be fully avoided at all loci at the same time, hence some figures show artifacts. The
principal parameters varied were repetition rate (frequency or interstimulus interval, ISI) and
polarity of the single pulses, train duration and rest period between trains. Intensity and duration
of the pulses were also varied but had little effect on the OSP. Because the OSP is long lasting,
instead of omitting single stimuli, we usually omitted a series of stimuli; that is, we stopped the
conditioning train for a period called the rest period, before starting another train. In these cases,
the OSPs can also be called train-OFF responses.
Wideband (1-500 Hz) amplified signals were either recorded on a computer or on an FM tape
recorder for later playback into a pen-writing chart recorder. Single sweeps or averages of up to
20 sweeps are displayed, usually around the last stimulus of a long conditioning train, which was
generally 10 s in duration. The term conditioning means that it influences the state of the
preparation, without any implication of positive or negative reinforcement.
Electrode loci of interest, especially in the telencephalon, were marked by electrolytic lesions,
after which the ray was maintained for some hours, then the brain was fixed for histological
examination.
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Results
A. Electrosensory evoked potentials to a train of adequate stimuli

1. Anterior lateral line nerve Whole nerve recordings from the electrosensory dorsal root of this
lateral line nerve show, as is well known, a moderately high level of spontaneous firing of the
many ampullae of Lorenzini. Pulses of current in the bath (e.g. 10-50 ms) cause a burst of firing
or a silencing of the background activity or both in succession, due to rebound, according to the
polarity, intensity and duration. Important for the steady state response with trains of stimuli is
the strong postexcitatory inhibition that follows an initial, brief excitation and the longer lasting
initial inhibition when the stimulus has the opposite polarity. Moderate intensity over a wide
range causes these periods of inhibition to last almost as long as the ISI. The duration of the
silent period varies systematically with the ISI but not quite perfectly in parallel. In the range 23.3 Hz it lasts for a longer time at the lower stimulus rates, though < ISI. At 4 Hz and above the
silencing lasts longer than the ISI so that a train maintains an inhibited state, with or without a
short, early burst, depending on the polarity and intensity. After the last stimulus of a train the
inhibited state lasts for some time and becomes the background out of which the OSP rises (see
next section).
Although previous authors have studied the responses in ampullary nerves (the most relevant to
this paper are: Murray 1965a, b, 1967, 1974; Broun et al. 1972; Obara and Bennett 1972; Akoev
and Adrianov 1989; Akoev et al. 1976a, b; Bromm et al. 1976; Broun and Ilyinski 1984;
Montgomery 1984) some dynamic properties are not familiar since most of the brief pulse
stimuli have been delivered by these authors at <2 Hz. Rate effects can be more or less
pronounced, such that the maximum response, a synchronized burst in a number of fibers, is not
always at the lowest repetition rate; it can be at ca. 4 Hz (Figs. 1, 4). Frequency following
extends up to frequencies well above 10 Hz in averaged records. Late components of the nerve
response have generally been overlooked; they vary in latency with intensity and frequency of
the stimulus. In one preparation, at 2 Hz and 120 V/cm (strong but not saturating or overstimulating in Murray's 1965b terminology) a small compound wave appeared in the nerve with
positive and negative peaks ca. 335 and 350 ms after the ON of a 50 ms pulse; at 3.3 Hz it was
much larger and three-peaked, the first and last being at 265 and 280 ms; at 4 Hz the first of
multiple peaks was ca. 235 ms after ON. Above 5 Hz, where the expected latency is longer than
the ISI, no response appears, that is, some early inhibition is caused by each stimulus that
prevents what would happen without that stimulus. However, in Fig. 4C one can see good
following at 10 Hz in some sweeps (trains), changing to no following in subsequent sweeps; this
is recorded in the medullary nucleus but it means that the nerve must have been able to follow.
Slow waves in the whole nerve recording resemble those of the central nervous system (Figs. 3,
4); one has to control that they are not due to electrotonic conduction from the medulla. We find
that they are often incongruent in form and latency, and in change over repetition and that the
medullary EPs fall to undetectable values within one or two millimeters, much less than the
distance between our anterior lateral line nerve electrodes and the active locus in the medulla. As
examples, the first sharp peak in the nerve in Figure 4A at 3.3 Hz precedes that in the medulla by
at least 7 ms; the second peak is larger in the medulla but tiny in the nerve.

2. Dorsal nucleus of the lateral line lobe of the medulla Previous authors have described the
main peaks and latencies of the EP of the medullary electrosensory nucleus in elasmobranchs

(Platt et al. 1974, Bullock 1979; Bodznick and Northcutt 1980; Bullock et al. 1983; Broun and
Ilyinsky 1984; Andrianov et al. 1985; New and Bodznick 1985; Schweitzer 1986a, b; Fields et
al. 1992), although rather less is known about the medullary than about the mesencephalic
electrosensory center and little is known about the dynamics of response to iterative stimuli.
The rate effect is known, i.e. the decrease in EP amplitude with increase in stimulus repetition
rate, but the time it requires to reach equilibrium and the disproportionate decrease in certain
components are not familiar. Figure 1 shows a preparation and stimulus that gives EPs which
vary from very small, at 2 Hz, to modest at 6.7 Hz and maximum at 4 Hz. Thus, there is some
facilitation in the steady state or frequency following response (FFR). For the purposes of the
present study we do not go into the parametric dependency of these properties upon intensity,
duration, polarity and shape of the electric field or the part of the nucleus, descending influences
and other determinants.

Fig. 1 Effect of frequency.
Ends of 10 s trains of 60 ms
pulses. Triangles = due-time of
first omitted stimulus. Upper:
nerve = anterior lateral line
nerve. Lower: medulla =
electrosensory dorsal nucleus.
Note rebound burst in nerve
and OSP in medulla arise on
schedule, just after due-time.
Note 55 Hz oscillation in some
OSPs. Single sweeps;
Platyrhinoidis. Calibration: 50 V
for nerve; 250 V for medulla.

A feature that is germane to the present scope is seen in Figure 2A where the evoked potential to
a single stimulus event is shown for each of four trials and the average of 20 trials. The stimulus
is not a brief pulse but the OFF of a long direct current. Besides the familiar early, brief peaks
(N50 and N170), imperfectly regular induced rhythms (IR) of ca. 12-14 Hz are triggered and
sustained for >1.5 s. Such oscillations are quite labile, often missing or short-lived, but relatively

fixed in frequency. Commonly they are not well time-locked to the stimulus and therefore tend to
disappear in averages, as here. The relevance to our study will be seen when we compare this
OFF response to a DC stimulus with that to omitted stimuli after a conditioning train of pulses, in
the next section.
3. Mesencephalic lateral nucleus Figure 2B shows EPs to single, fairly strong but submaximal,
very brief (10 ms) pulses, recorded in the midbrain electrosensory nucleus lateral and ventral to
the tectum, four single sweeps above and the average of 20 below, in each of the two polarities
of a longitudinal, uniform field. The slow time scale collapses the well known midbrain EPs
(Platt et al. 1974; Bullock 1979; Broun and Ilyinsky 1984; Andrianov et al. 1985; Schweitzer
1986a, b; Fields et al. 1992) whose main peak is here N55 with the head negative stimulus. The
head positive stimulus in this electrode locus gives almost no early EP but a large, late P500 is
quite variable in latency and fatigues or disappears easily.
4. Deep, central telencephalon From a very restricted part of the telencephalon EPs can be found
to electric stimuli (Platt et al. 1974; Bullock 1979; Bodznick and Northcutt 1984; Bullock and
Hofmann 1991), if they are given at low frequency. More variable and labile than the EPs at
lower levels, a typical main peak latency is 75 ms; it can be negative or positive, depending on
the position of the electrode. Decrement in amplitude with repetition rate is severe above one
stimulus every few seconds. The form of the EP is a slow, rounded hump, not multiple or sharp
peaks.

Fig. 2 Responses to single
stimuli. A. Medullary dorsal
nucleus. OFF of a 10 s long
steady current, 65 µV/cm,
positive rostrally. Note the large
N50 and smaller N170 EP
followed by variable slow
oscillations, from 7-20 Hz. The
ongoing spikey background is
relatively suppressed during the
current and released after the
OFF. B. Midbrain MLN. Effect of
polarity of a brief pulse electric
field. Stimulus: 10 ms, 130
µV/cm pulse, above: positive
rostrally - the less effective
polarity; below: negative
rostrally. Note, above, the
minimal early N100 EP plus a
large late P500 wave; below, the
large, early N55 EP and smaller
very late waves (ca. 1 s). Single
sweep records of 4 consecutive
trials and the average of 20.
Platyrhinoidis

B. End-of-train responses: omitted stimulus potential (OSP)
1. Anterior lateral line nerve Figures 1, 3 and 4 show that already in the peripheral nerve a
special form of activity appears after the due-time of the first omitted stimulus. In the single
sweeps of Figure 1 it takes the form of a postinhibitory rebound of sustained high spontaneous
firing of many units. At the lowest stimulus frequency, 2 Hz, the rebound begins well before the
due-time and can therefore be described as a late response to the last stimulus, with the
remarkable feature that the latency is systematically shorter after higher frequencies. At 3.3 and 4
Hz it is almost exactly equal to the ISI, and at 5, 6.7 and 10 Hz it is just slightly longer. The
single sweeps of Figure 3A, representing the ends of successive trains at 10 Hz, show a slow
wave well after the due-time, with a peak latency that decreases from 125 ms to 75 ms in 20
repetitions. The later trials also show an induced rhythm at ca. 20 Hz. Figure 3B shows the effect
of frequency of the conditioning pulses; the earliest slow wave precedes the due-time at low
frequencies and is therefore simply a late EP of the last stimulus, with the remarkable feature

already noted above that the latency depends on the stimulus frequency. The later waves, marked
OSP are not present in the responses to the previous stimuli (not shown in the figure) and, while
also evoked by the last stimulus, must be permitted by the absence of a stimulus, i.e. attributed to
disinhibition. Figure 4A shows both the rebound firing and the slow wave as well as an induced
rhythm at ca. 7.6 Hz.
2. Dorsal nucleus of the medulla Figures 1, 4, 5 and 6C show that something new appears after
the due-time of the first omitted stimulus, above a threshold frequency: ca. 3 Hz. It increases in
prominence with frequency of the conditioning train, to a maximum at ca. 20 Hz (not shown).
We define as the OSP whatever deflections are new, i.e. cannot be seen in or predicted from the
EPs to the preceding stimuli. The OSP in the medullary center consists of a burst of spikes or 510 ms sharp waves on a slow negative wave or an early, main, sharp negative wave with a slower
decline of 300-500 ms and an induced rhythm of high frequency riding on it - 44 Hz in Figure
4B. Sometimes this is followed by a one to two second induced rhythm of low frequency (5-7
Hz, top of Figure 4B). This slow rhythm is quite labile; it comes and goes in successive trials.
The first, main peak latency is approximately constant over a wide range of train ISIs; the mean
latency in Figures 1 and 4B is ca. 40 ms, in Figure 4A 60-70 ms, in Figure 5 55-65 ms. In some
electrode loci the medullary latency is less than that in some nerve records but in others, where
presumably the ALLN electrode is in a "better" locus, the nerve response precedes the
medullary.
3. Mesencephalic lateral nucleus Figures 3B, 4A, 5, 6A and 7 show a prominent OSP in the
midbrain, all the more conspicuous because here the EPs after each stimulus fail to follow above
some frequency, often <10 Hz (Fig. 4A, 10 Hz) or even 5 Hz (Figs. 5, 7). The form is typically a
large, main positive wave at 60-90 ms after the due-time, often preceded and followed by small
negative peaks and commonly followed by a >500 ms induced rhythm of ca. 5-7 Hz. The latency
sometimes shifts substantially in successive trials, so that averages are seriously smeared (Fig.
7B).
4. Deep central telencephalon Figure 6B shows that a prominent OSP appears in the
telencephalon if the electrode is in the right locus. Longer in latency than the midbrain, the main
forebrain peak is positive at 190 ms, preceded and followed by small negative peaks. As Figure
6C shows, the main peak may be negative and our present opinion is that this depends on depth;
in most of our good penetrations we do not have a satisfactory series with which to make a depth
profile. Induced rhythms are generally not seen. As a rule, no evoked potentials survive above 2
Hz, perhaps even lower.

Fig. 3 A. Effect of repetition of train upon whole
nerve response. Ends of 10 s trains of 20 ms pulses
at 10 Hz; 2s rest after each train. Last stimulus of
train is at start of each sweep. Single sweeps of the
1st to the 20th train, followed by average of all 20.
Triangle and dashed line = due-time of first omitted
stimulus. Note the shorter latency of the OFF effect
in later trials and the smearing in the average.
Electrosensory anterior lateral line nerve. B. Off
effects at the ends of 10 s trains of stimuli at
different frequencies, recording in the same nerve
and in the mesencephalic lateral nucleus. Stimuli 20
ms, 120 V/cm head +. Sweep starts with the last
stimulus of each train; triangles = due-time of first
omitted stimulus. Deflections preceding triangles
have to be called EPs; those following the due-time
are not seen after the previous stimuli (not shown)
and are therefore caused or permitted by the
absence of a stimulus and are called OSPs, being EPs
of the last stimulus uninhibited by the missing
stimulus. The EP in the nerve at P225 (4 Hz),
advancing to the shorter latency of P147 at 6.7 Hz
becomes an OSP at 10 Hz, since it is not seen during
the train. We cannot exclude the possibility that this
wave came from the medullary dorsal nucleus by
electrotonic spread; such a late EP is not usually
seen in either place but underlines the fact that late
waves can occur, probably as a function of brain
state. Note in some sweeps an IR oscillation of ca. 7
Hz. Averages of 20 sweeps; calibration 20 V for
nerve traces; 100 V for midbrain. Platyrhinoidis

C. Effect of stimulus parameters on the OSP
1. Frequency (reciprocal of ISI) Figures 1, 3B, 6 and 7 show that the dynamic range from no
OSP to the maximum OSP is ca. 3-20 Hz. There is little or no systematic effect on the latency of
the main peak from the due-time of the first omitted stimulus. Principally the only effect is on the
amplitude - larger and longer OSP responses after higher frequencies, and on the duration of the
IR, both fast and slow in the medulla and midbrain. Since there is little evidence of following
above 15 Hz, and yet the OSP is prevented by 20 Hz or 40 Hz or higher, until the train is
interrupted or stops, it is not surprising that DC stimulation is followed, after the OFF, by a
response that looks just like an OSP. This requires a current of sufficient duration, for example
500 ms for a certain, moderate intensity and field orientation.

2. Duration of, or number of stimuli in the conditioning train There is rather little influence of
this parameter. Ten second trains are likely to cause slightly larger OSPs than 2 s trains. Fewer
than 10 conditioning stimuli suffice to cause a clear OSP at 10 Hz, even fewer at 20 Hz.
3. Duration and intensity of uniform field electric pulses These parameters influence the EP,
although nonlinearly, but have only a weak effect on the OSP, as shown in Figure 7. Pulses can
be as short as 10 ms but are inefficient or require high voltage if shorter than ca. 3 ms.
4. Polarity and orientation of electric field In most recording loci one polarity of the uniform,
longitudinal field we used was more effective in evoking responses, both EPs and OSPs, than the
other polarity. From previous work on the receptors and central EPs we expect that a certain field
orientation will be the best for each recording locus; we did not systematically study this
parameter in the present experiments, since intensity or effectiveness had only a weak influence
on the OSP.
5. Jitter of ISI; effect of last interval and of preceding intervals Since the tendency to show a
constant latency over a wide range of frequencies indicates a mechanism equivalent to a
temporally specific expectation, the question becomes germane whether this specific expectation
can be reduced by making the next due-time less certain. The ISI was jittered by a pseudorandom sequence of equal probability of values between chosen extremes with the same mean as
a regular sequence of uniform ISIs. A long mean ISI, 150 ms, was selected to give a large range
between shortest and longest ISIs in the jittered series; jitter between 100 and 200 ms was called
"low jitter" and 50-250 ms "high jitter." The OSP was found to depend strongly upon the value
of the last interval. Therefore the pseudorandom series was specified to end always with an
interval equal to the mean. The OSP was then only slightly different in amplitude, comparing the
regular, low and high jitter trains. Sometimes the latency was longer after a jitter series, but we
did not extend the study to discover what rules might underlie latency fluctuation.

Fig. 4 A. Nerve, medulla (as Fig. 3) and midbrain =
mesencephalic lateral line nucleus. End of train of
pulses at 3.3 Hz. B. Same at 10 Hz. Triangles and
dashed lines = due-time of first omitted stimulus.
Note the nerve resumes its high background
spontaneous activity just after the due-time
(sometimes just before, in other experiments) - as a
post-inhibitory rebound; also a slow wave underlies
the MUA and, after 10 Hz, some slow induced
oscillatory waves. In the medulla the OSP waves
have different peak times from those in the nerve.
The midbrain has OSP waves of small amplitude at
3.3 Hz but a large N70 at 10 Hz and some 7 Hz IR
waves. Platyrhinoidis; averages of 20; calibration is
20 µV for the nerve; 200 µV for medulla and
midbrain. C. Dorsal nucleus of medulla; variability of
induced oscillations. Stimulus: 10 s train of 10 Hz, 20
ms, 65 µV/cm pulses; end of the first 10 trains
shown. Note the variability of evoked potentials in
successive trains, the slow (4-6 Hz) oscillations after
the last stimulus in train 1 only, and the high
frequency oscillation immediately after the OSP (ca.
74 Hz) increasing progressively in trains 4 to 10. A
tendency to high frequency IR oscillation (ca. 50 Hz)
appears also in train 1, especially after the large
episodic negative wave. Other evidence in this
preparation also pointed to fluctuations in excitability.
Platyrhinoidis

D. Evidence for fluctuations in sensitivity
Some rays have shown episodes of depressed sensitivity lasting for tens of minutes and therefore
not attributable to general deterioration. Sometimes this is attributable to a single strong

stimulus, e.g. 1 mV/cm. On occasion a single, large, spontaneous deflection appeared in all three
channels - nerve, medulla and midbrain, followed by depressed responses for many minutes and
then recovery. The fluctuations can not all be attributed to a movement, such as a "cough," and
consequent local damage to the brain.

Fig. 5 Growth of OSPs in
medullary dorsal nucleus
(upper traces, with spikes and
evoked potentials after each
stimulus artifact) and midbrain
MLN (lower traces). Ends of 10
s trains of 5 Hz, 20 ms, 65
µV/cm rostrum-positive
pulses; sample single sweeps
of trains #9, 12, 15, 18 and
20. Note the progressive
increase in the slow wave
component of the OSPs and in
the duration of the medullary
spike bursts with later trains.
Platyrhinoidis. x: artifact of
stimulus; EP: evoked potential;
OS: first omitted stimulus;
OSP: omitted stimulus
potential.

E. Interaction with other stimulus modalities
Quite similar OSPs occur in the midbrain and telencephalon after trains of flashes (Bullock et al.
1990). Several tests for interaction by stimulation of both photic and electric modalities, with
different intervals between them, have failed to show anything but simple algebraic summation
of the responses. No active influence of one system upon the other has been found.

Fig. 6 OSP latency after trains of different ISIs.
A. Mesencephalon, lateral nucleus (MLN). Ends of
10 s trains of 10 ms, 120 V/cm head-positive
pulses at the frequencies shown, separated by 2 s
of rest. Averages of 20, lined up by the last
stimulus; the due-time of the first omitted stimulus
is marked by a triangle. Note the latency of the
first, large, positive OSP peak - P70-75 after the
due-time. An oscillation of ca. 5 Hz follows and
lasts ca. 1 s; not shown here is its high lability.
Platyrhinoidis B. Telencephalon, medial, central,
deep. Ends of 2 s trains of 20 ms, 50 V/cm headnegative pulses at the frequencies shown,
separated by 2 s of rest. Averages of 32, lined up
by the due-time of the first omitted stimulus. Note
the fixed latency of the first large positive OSP
peak 190 ms after the due-time and the increased
size of the OSP at higher conditioning frequencies.
No oscillation was observed in the telencephalon.
Urolophus 29ma36.avg C. OSP recorded
simultaneously in medulla, midbrain and
telencephalon. Note the later peak latencies in
midbrain and forebrain and the smaller relative
size of the 5 Hz IR oscillations. Averages of 19
sweeps; Platyrhinoidis.

F. Anatomical localization of responsive electrode positions
With apparently minor exceptions, the electrode loci showing the largest OSPs also have large
EPs. Previous studies, already cited, have localized the best EPs in each of the brain regions
examined here. We can confirm that the responses, in both forms, are best when the medullary

electrode is in the position of the dorsal nucleus, and when the midbrain electrode is in the
position of the lateral nucleus. Lesions were made in responsive loci in the telencephalon of our
species, to compare with the findings of Bodznick and Northcutt (1984) in Raja erinacea.
Microscopic preparations of the stingray, Urolophus, were kindly examined by R.G. Northcutt.
The common denominator of the lesions was the dorsal pallium; they usually touched the pars
superficialis and the pars centralis. One electrode track appeared to enter the dorsal and/or the
medial pallium. This localization may be appreciably different from that found in Raja by
Bodznick and Northcutt who concluded from the depth and proximity to the lateral ventricle and
medial forebrain bundle that the electrosensory area belongs to a subdivision of the medial
pallium. It is also notable that the area showing evoked responses to electric stimuli in Raja is
described as large, extending throughout the central one third of the skate telencephalon. In
Urolophus the responsive area is small in comparison to the much larger telencephalon. We did
not systematically test each responsive locus for evoked potentials to photic stimuli and therefore
cannot comment on the report of Bodznick and Northcutt that the electric and photic response
areas are coincident, though with slightly different positions of maximal response.

Fig. 7 Effects of stimulus
parameters upon the late
components of the OSP in the
midbrain MLN. Instead of showing
separately the slight influences of
stimulus pulse duration and
intensity and frequency, this
montage illustrates the very modest
effects of a combination of changing
frequency and duration, especially
on the late, slow induced rhythms.
Other figures examine more
carefully the effect of frequency
alone upon the latency of the first
large peak. A. 5 Hz, 40 ms
conditioning train pulses. B. 10 Hz,
10 ms pulses. C. 20 Hz, 10 ms
pulses. D. 40 Hz, 5 ms pulses. Note
almost no effect of this large range
of stimuli upon the P60-90 first main
OSP peak and the ca. 7 Hz induced
rhythm, except for the reduced
oscillations in B. Platyrhinoidis
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Discussion
We can answer in the affirmative the question posed: can sensory modalities without the
complexity of the retina (Bullock et al. 1990) show apparent expectation in omitted stimulus
potentials already at the brainstem level? The electrosensory modality belongs to the octavolateralis system, with a relatively simple first order nucleus in the medulla, comparable to the
acoustic and vestibular nuclei, and a pathway extending to the telencephalon (Bodznick and
Northcutt 1984). The findings of most general interest, perhaps, are two.
(i) Prominent event related potentials, more or less complex in form, are already in the primary
sensory nucleus in the medulla and are further modified and delayed in circumscribed loci in
midbrain and forebrain. In other words, this form of ERP does not appear do novo in the
forebrain; rather, the novelty of an expectation not being met is already detected very early in the
pathway, where it is unlikely to be cognitive in the dictionary sense, and is modified and delayed
at higher levels, where it presumably changes in behavioral and perhaps cognitive significance.
(ii) Absent perturbing factors, the OSPs are interval-specific, arising "on schedule," with a fixed
latency after the due-time of the omitted stimulus, as though the system were expecting the
stimulus on time. In fact, clear evidence of this interval specificity is found in the peripheral
nerve, in a suppression of the spontaneous activity for a period varying with and sometimes close
to the ISI of the conditioning train (Figs. 1, 3B, 4A), apparently overlooked in previous studies of
afferent nerve responses. This suppression, which presumably occurs in the receptor as a kind of
hyperpolarizing afterpotential, is the first sign but probably not the only site of the prevention of
the OSP waves that each stimulus causes.
As in the visual system of the same elasmobranchs and of turtles (Prechtl and Bullock 1992), the
OSP is complex, with an initial, relatively sharp main wave and variable late waves and induced
rhythms lasting for hundreds of milliseconds. Because of the long duration, the parameters have
been examined primarily after omitting several stimuli, therefore at the end of conditioning
trains. As in the visual system, the OSP resembles the OFF response to a single, long DC
stimulus. It is quite distinct from the stimulus-locked evoked potential and is largest when the EP
is smallest or absent due to a stimulus frequency above the following frequency for that brain
level. In the present material the OSP is usually maximal at the same loci where EPs are
maximal. As in the visual system, the OSP is little affected by intensity or duration of the
conditioning stimuli, moderately influenced by train parameters, duration and rest period, but
profoundly dependent on the frequency within the train. We have not systematically studied the
influence of brain state but the evidence of unexplained changes in responsivity suggests that
state is important.

As in the visual system, jitter around the same mean interval as a regular train causes little if any
change in amplitude or latency, providing the last interval is the same, namely the mean ISI. The
last one is especially important but we cannot specify precisely the time constant of decline of
influence of the last few ISIs. This would seem to be a major difference from a high level
cognitive expectation. In agreement with a brief report by Takasaka (1985), our unpublished
experiments on humans, done with E. Baar, C. Baar-Eroglu, S. Karamrsel and J.Z. Achimowicz
confirm that similar jitter nearly flattens the human scalp-recorded OSP. It must be said,
however, that this comparison has so far been made in humans with the advantage of attention
and at a mean ISI of 2s, whereas the rays show no OSP below 2 Hz to our meaningless stimuli.
A difference between the findings, so far, in humans and rays is that the same electrode loci are
typically good for EPs and OSPs in the latter but the scalp maxima are distinct in humans. It
must be underlined that we are not sure we have found the best loci in the rays, since we have
rarely seen OSP spikes or multiunit activity in the forebrain. Another difference is that the
latency after the omitted stimulus was due is much shorter in the ray: ca. 190 ms at the first large
peak in the telencephalon, compared to 400-600 ms in the human, a range in which we agree
with earlier workers (cited in the Introduction). Baar-Eroglu et al. (1991) find a peak latency of
300 ms in the cat with intracerebral electrodes in several parts of the cerebrum. Further
comparison with laboratory mammals and human scalp-recorded OSPs requires new data on the
latter, since the literature is confined to ISIs of ca. 0.7-1.5 s (up to 3 s in the cat), without
systematic study of latency at several ISIs or of short ISIs (30-500 ms), in the range effective for
OSPs in elasmobranchs or of different degrees of jitter at different mean ISIs. Our preliminary
data indicate that human scalp-recorded OSPs in the short ISI range are more like those seen in
the rays and have quite different dynamics than those in the literature, using longer ISIs.
New work on humans or laboratory mammals is particularly needed to look for the brainstem
antecedents of the cortical events heretofore recorded. In the rays it is clear that events with some
properties of apparent expectation begin early and are then delayed and sculpted at midbrain and
forebrain levels but we do not know which stages are subject to effects of brain state, such as
attention.
The OSPs would appear to offer a new source of material upon which to study the phenomena of
induced rhythms, long known but recently emerging into prominence with new examples and
attention (Baar and Bullock 1992). The present examples are notable for being maximal in
amplitude in the medulla or midbrain and declining drastically in the forebrain. In the forebrain
of a reptile, recently studied in this laboratory (Prechtl and Bullock 1992), the induced rhythm in
the OSP does not decline but is prominent, as it is in the long ISI single flash VEP. The induced
rhythms in rays are notable for two features: (i) the three distinct ranges of frequencies (5-7, 1525 and 40-65 Hz), each labile and facultative, and (ii) the time-locked character usually seen, so
that they build up in averages. This contrasts with many other cases of induced oscillations that
flatten out with averaging and can be seen only in single sweeps.
By definition (see B.2., above), the OSPs at each level are not predictable from the EPs at that
ISI. The mechanism of the electrosensory OSP, like that suggested for the visual OSP in the
same animals (Bullock et al. 1990), must depend, at the within-train frequencies used, primarily
upon an active suppressing effect of each stimulus in a train, since after the first stimulus the

evoked response declines and is held down by continued stimulation, although ready to rebound
any time a stimulus is omitted. The equilibrium level of accumulated suppression, higher for
longer trains and shorter ISIs, determines the latency of the rebound. The accumulation might
well have both longer and shorter components, due to total train length, mean ISI and other weak
factors for the longer components and to very recent ISIs for the shorter, stronger components.
These functions are together just right for a constant latency over some wide range of ISIs longer for the forebrain than for the midbrain. Beyond this we cannot speculate upon mechanism
but this much indicates that it need not depend on higher brain levels; it can be largely a low
level, early process. This conclusion contrasts with the usual current view based on human scalp
recording; Jones (1992), for example, believes that OSPs must come from higher order neurons
that respond to a mismatch between the input and an image in a short-term sensory store. BaarEroglu et al. (1991) find the OSP already in the reticular formation of the mesencephalon in cats,
in agreement with our results, although neither study excluded the possibility of a descending
influence. That was done in our earlier study of visually evoked OSPs, already visible in the
retina, after cutting the optic nerve (Bullock et al. 1990).
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Intracerebroventricular infusion of CRF increases extracellular
concentrations of norepinephrine in the hippocampus and cortex as
determined by in vivo voltammetry
Zhang JJ, Swiergiel AH, Palamarchouk VS, Dunn AJ.
Department of Pharmacology and Therapeutics, Louisiana State University Medical
Center, Shreveport 71130-3932, USA.
Previous studies have indicated that intracerebroventricular (i.c.v.) infusions of
corticotropin-releasing factor (CRF) activate locus coeruleus (LC) noradrenergic
neurons and increase the metabolism and extracellular concentrations of
norepinephrine (NE) in several brain regions, suggesting increased release. To
examine the temporal aspects and mechanism of the presumed release of NE, CRF
was infused i.c.v. and the oxidation current was recorded using carbon fiber
voltammetric electrodes placed in rat hippocampus or cortex. The CRF (1 microg,
i.c.v.) caused a significant increase of oxidation current with a delay of
approximately 5 min, and a peak at approximately 35 min. Similar responses were
observed in the medial prefrontal cortex. The hippocampal response was markedly
attenuated when CRF was infused into rats pretreated with DSP-4 to deplete NE,
suggesting that the observed changes in current resulted from oxidation of NE. The
increase of NE-like current did not occur when 25 microg alpha-helical CRF9-41
(ahCRF) was injected immediately before 1 microg CRF, suggesting that the
response was mediated by cerebral CRF-receptors. Subcutaneous pretreatment with
the ganglionic blocker, chlorisondamine, at a dose of 3 mg/kg had no effect on the
voltammetric response to CRF, but a 6 mg/kg dose completely prevented the
response. The beta-adrenoceptor antagonists, S-propranolol (5 mg/kg), nadolol (5
and 10 mg/kg), and timolol (5 mg/kg) attenuated the NE response to i.c.v. CRF to
varying degrees. When chlorisondamine (3 microg) or nadolol (5 microg) were
given i.c.v. before the CRF, the hippocampal responses were not blocked. These
results suggest peripheral actions of ganglionic and beta-adrenergic blockers. We
conclude that peripheral autonomic mechanisms, and probably both central and
peripheral beta-adrenoceptors, contribute to the increased secretion of hippocampal
NE in response to i.c.v. CRF.
PMID: 9865861 [PubMed - indexed for MEDLINE
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Mechanistic and comparative studies of melatonin and classic antioxidants
in terms of their interactions with the ABTS cation radical
Tan DX, Hardeland R, Manchester LC, Poeggeler B, Lopez-Burillo S, Mayo
JC, Sainz RM, Reiter RJ.
Department of Cellular and Structural Biology, The University of Texas Health
Science Center at San Antonio, San Antonio, TX 78229-3900, USA.
Melatonin and classic antioxidants possess the capacity to scavenge ABTSb+ with
IC50s of 4, 11, 15.5, 15.5, 17 and 21 microm for melatonin, glutathione, vitamin C,
trolox, NADH and NADPH, respectively. In terms of scavenging ABTSb+,
melatonin exhibits a different profile than that of the classic antioxidants. Classic
antioxidants scavenge one or less ABTSb+, while each melatonin molecule can
scavenge more than one ABTSb+, probably with a maximum of four. Classic
antioxidants do not synergize when combined in terms of scavenging ABTSb+.
However, a synergistic action is observed when melatonin is combined with any of
the classic antioxidants. Cyclic voltammetry indicates that melatonin donates an
electron at the potential of 715 mV. The scavenging mechanism of melatonin on
ABTSb+ may involve multiple-electron donations via intermediates through a
stepwise process. Intermediates including the melatoninyl cation radical, the
melatoninyl neutral radical and cyclic 3-hydroxymelatonin (cyclic 3-OHM) and N1acetyl-N2-formyl-5-methoxykynuramine (AFMK) seem to participate in these
reactions. More interestingly, the pH of the solution dramatically modifies the
ABTSb+ scavenging capacity of melatonin while pH changes have no measurable
influence on the scavenging activity of classic antioxidants. An acidic pH markedly
reduces the ABTSb+ scavenging capacity of melatonin while an increased pH
promotes the interaction of melatonin and ABTSb+. The major melatonin
metabolites that develop when melatonin interacts with ABTSb+ are cyclic 3-OHM
and AFMK. Cyclic 3-OHM is the intermediate between melatonin and AFMK, and
cyclic 3-OHM also has the ability to scavenge ABTSb+. Melatonin and the
metabolites which are generated via the interaction of melatonin with ABTSb+, i.e.
the melatoninyl cation radical, melatoninyl neutral radical and cyclic 3-OHM, all
scavenge ABTSb+. This unique cascade action of melatonin, in terms of
scavenging, increases its efficiency to neutralized ABTSb+; this contrasts with the
effects of the classic antioxidants.
PMID:
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N1-acetyl-N2-formyl-5-methoxykynuramine, a biogenic amine and
melatonin metabolite, functions as a potent antioxidant.
Tan DX, Manchester LC, Burkhardt S, Sainz RM, Mayo JC, Kohen R,
Shohami E, Huo YS, Hardeland R, Reiter RJ.
Department of Cellular and Structural Biology, University of Texas Health Science
Center, San Antonio, Texas 78229-3900, USA.
The biogenic amine The biogenic amine N1-acetyl-N2-formyl-5methoxykynuramine (AFMK) was investigated for its potential antioxidative
capacity. AFMK is a metabolite generated through either an enzymatic or a
chemical reaction pathway from melatonin. The physiological function of AFMK
remains unknown. To our knowledge, this report is the first to document the potent
antioxidant action of this biogenic amine. Cyclic voltammetry (CV) shows that
AFMK donates two electrons at potentials of 456 mV and 668 mV, and therefore it
functions as a reductive force. This function contrasts with all other physiological
antioxidants that donate a single electron only when they neutralize free radicals.
AFMK reduced 8-hydroxydeoxyguanosine formation induced by the incubation of
DNA with oxidants significantly. Lipid peroxidation resulting from free radical
damage to rat liver homogenates was also prevented by the addition of AFMK. The
inhibitory effects of AFMK on both DNA and lipid damage appear to be doseresponse related. In cell culture, AFMK efficiently reduced hippocampal neuronal
death induced by either hydrogen peroxide, glutamate, or amyloid b25-35 peptide.
AFMK is a naturally occurring molecule with potent free radical scavenging
capacity (donating two electrons/molecule) and thus may be a valuable new
antioxidant for preventing and treating free radical-related disorders.
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Abstract
The electric sense of elasmobranch ﬁshes (sharks and rays) is an important sensory modality known to mediate the detection of
bioelectric stimuli. Although the best known function for the use of the elasmobranch electric sense is prey detection, relatively few
studies have investigated other possible biological functions. Here, we review recent studies that demonstrate the elasmobranch
electrosensory system functions in a wide number of behavioral contexts including social, reproductive and anti-predator behaviors.
Recent work on non-electrogenic stingrays demonstrates that the electric sense is used during reproduction and courtship for conspeciﬁc detection and localization. Electrogenic skates may use their electrosensory encoding capabilities and electric organ discharges for communication during social and reproductive interactions. The electric sense may also be used to detect and avoid
predators during early life history stages in many elasmobranch species. Embryonic clearnose skates demonstrate a ventilatory
freeze response when a weak low-frequency electric ﬁeld is imposed upon the egg capsule. Peak frequency sensitivity of the peripheral electrosensory system in embryonic skates matches the low frequencies of phasic electric stimuli produced by natural ﬁsh
egg-predators. Neurophysiology experiments reveal that electrosensory tuning changes across the life history of a species and also
seasonally due to steroid hormone changes during the reproductive season. We argue that the ontogenetic and seasonal variation in
electrosensory tuning represent an adaptive electrosensory plasticity that may be common to many elasmobranchs to enhance an
individual’s ﬁtness throughout its life history.
# 2003 Elsevier Ltd. All rights reserved.
Keywords: Ampullae of Lorenzini; Electroreceptor; Reproduction

1. Introduction
Sensory neuroethologists seek to understand the
neural basis of adaptive behaviors that animals use
within their natural environment. Because this requires
study of both neural mechanisms and behavior of the
animal, multidisciplinary approaches are required. In
many cases researchers focus on a single aspect of a
neural system that controls behavior and employ a limited set of neurobiology techniques. In addition, behavioral studies are often necessarily limited to a single
biological context in which to interpret the sensory system. As a result, it usually takes great time and eﬀort to
characterize the adaptive function of a neural system in
relation to the natural behavior of the organism.
* Corresponding author. Tel.: +1-607-254-4373; fax: +1-607-2544308.
E-mail address: jas226@cornell.edu (J.A. Sisneros).
0928-4257/03/$ - see front matter # 2003 Elsevier Ltd. All rights reserved.
doi:10.1016/S0928-4257(03)00016-0

One example of an incompletely characterized system
is the use of the ampullary electrosense by elasmobranch ﬁshes to detect bioelectric stimuli. The ampullary organs were recognized long ago by Stenonis [57]
and Lorenzini [34], but its physiological and behavioral
functions remained unknown for centuries. The advent
of modern neurophysiological techniques ﬁrst produced
evidence for multiple sensory functions until it was
convincingly demonstrated to encode weak electric
charges external to the animal [43,44]. A short time later
researchers were able to experimentally demonstrate
that sharks and rays could use this sense to successfully
detect and locate bioelectric stimuli produced by their
prey. However, these large ﬁshes are wide ranging, difﬁcult to maintain in the lab or observe in the wild thus
there is only limited literature of their natural social,
predatory, and anti-predatory behaviors. As a result,
most neuroethology research on the ampullary electrosense of sharks and rays has focused on the response
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dynamics and central neuroanatomy, with relatively few
new studies on other possible biological functions. The
purpose of this paper is to present recent evidence that
the electrosensory system functions in a wide number of
behavioral contexts including social, reproductive and
anti-predator contexts (Table 1).

2. The elasmobranch electrosensory system
All elasmobranch ﬁshes (sharks, skates, and rays)
possess an elaborate electrosensory system that consists
Table 1
Functions for the detection of bioelectric ﬁelds by the ampullary electrosense of elasmobranch ﬁshes
Biological function

Source

Prey detection
Social communication
Detection of mates
Detection of predators

[28,63]
[13,14,55]
[65]
[55]

of subdermal groups of electroreceptive organs known as
the ampullae of Lorenzini. Single ampullae of Lorenzini
consist of a small chamber (the ampulla) and a subdermal canal that projects to a single pore on the surface of the skin (Fig. 1A). The wall of the ampulla is
composed of a single-layer sensory epithelium that contains hundreds of sensory receptor and support cells
[51,67] with only the apical surface of the receptors
exposed to the ampulla chamber (Fig. 1B). Tight junctions unite receptor and support cells to form a high
resistance separation of apical and basal surfaces of the
sensory epithelium [53,67]. The basal surface of the
receptor cell is innervated by multiple aﬀerents of the
anterior lateral line [31]. The wall of the canal is composed of two layers of ﬂattened epithelial cells and is
also highly resistive. The canal lumen and ampullary
chamber are ﬁlled with a conductive low-resistance
mucopolysaccharide to form an electrical core conductor such that the ampullary chamber is isopotential
with a charge at the skin pore [18,45,67]. Many individual ampullae are grouped into separate bilateral clusters that send their canal projections to individual skin

Fig. 1. Ampullary electroreceptor organ of the marine skate, Raja. A, The ampulla of Lorenzini consists of a small ampulla chamber composed of
multiple alveolar sacs that share a common lumen (L) and a subdermal ampullary canal that projects to a single pore on the skin. Both the
ampullary lumen and canal are ﬁlled with a highly conductive gel, which makes the lumen isopotential with voltages present at the pore. The sensory
epithelium (SE) forms a highly resistance ampulla wall that connects with the canal epithelium (CE) at the marginal zone (MZ) and is innervated by
primary aﬀerent neurons of the VIIIth nerve. (Modiﬁed from Waltman [67]). B, Schematic representation of the sensory epithelium of the skate
ampulla. In most elasmobranchs, the sensory epithelium (SE) consists of a single layer of receptor cells (RC) and support cells (SC). Tight junctions
between the receptor and support cells form a high electrical resistance barrier between the lumen of the ampulla and basal portion of the receptor
cells. The diﬀerence between the lumen voltage (V) and reference voltage (VREF) stimulates the small apical of the receptor cells and controls release
of neurotransmitter onto primary aﬀerent neurons (modiﬁed from Tricas [64]). C, Subdermal ampullary clusters and their radial canals which terminate at surface pores on the dorsal and ventral surfaces of the barndoor skate, Raja laevis. Ampullary clusters indicated by B=buccal, H=hyoid,
M=mandibular, SO=superﬁcial ophthalamic. LL=lateral line (modiﬁed from Raschi [50]).
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pores on the head of sharks, and also the pectoral ﬁns of
batoids (Fig. 1C). These morphological features allow
ampullary electroreceptors to detect potential diﬀerences between the common internal potential at the
cluster and the somatotopic charges on the skin. The
morphological arrangement of the ampullary canals
permits detection of both small local ﬁelds produced by
small prey organisms and also uniform electric ﬁelds of
inanimate or animate origins [29]. When a local-dipole
stimulus is presented at a pore that is far away from its
ampulla, the potential is conducted to receptor cells
within the ampulla chamber and essentially measures
the transcutaneous potential drop. However, when the
body is positioned within an external ﬁeld the low skin
and body resistivities permit the ﬁeld to inﬂuence the
internal reference potential, thus the stimulus voltage
depends upon the spatial separation between the
ampulla and its canal pore. Long canals sample across a
greater distance within a uniform ﬁeld and provide a
larger potential diﬀerence for receptor cells (and sensitivity) than do short canals.

3. The skate electrosense
3.1. Electrogenic organs, physiology and behavior
Marine skates of the family Rajidae produce intermittently pulsed, weak electric discharges from spindleshaped electric organs found bilaterally in the tail
[22,52,56]. These electrogenic organs consist of disk- or
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cup-like electrocytes that are arranged within the organ
anterioposteriorly in series [16,23] and are depolarized by
spinal electromotoneurons to generate a weak electrical
discharge around the animal [3,10,33]. The discharges are
controlled by descending input from an electric organ
command nucleus located in the medulla [1,60,61].
The electric organ discharge (EOD) produced by
skates is relatively low in amplitude, species-speciﬁc in
duration [11,13,14] and has led to the suggestion that
the skate EOD may serve a possible intra-speciﬁc
communication function rather than a predatory or
defensive function. Skate EODs generally consist of a
monophasic, head negative waveform (Fig. 2) that varies in amplitude from approximately 20–40 mV [13] and
are produced in a series of intermittent pulses. The
relatively low amplitude of the skate EOD contrasts
that of the strong EOD (30–60 V) produced by electric
rays (family Torpedinidae) used during predatory and
defensive behaviors [8–10,12,15,35]. Bratton and Ayers
[13] reported that skates often produce EODs during
physical contact and during behavioral interactions with
other conspeciﬁc skates. EOD interaction is often
greater among groups or pairs of skates than from isolated individuals [13,42]. In addition, the EOD pulse is
characteristically diﬀerent among skate species [14] and
ranges from 31 ms to 216 ms in duration (Table 2).
Skate electric organs also diﬀer in length among species
and may be sexually dimorphic [26,27]. Thus, the intermittent production and low amplitude of the skate EOD
indicates that the EOD functions not for electrolocation, prey capture or defense, but more likely for social
communication among conspeciﬁcs.
The skate electrosensory system is relatively broadly
tuned to low frequency electric stimuli and is most sensitive to sinusoidal stimuli from approximately 0.1 to 10
Hz [2,46,55]. Skate electrosensory primary aﬀerents
exhibit peak frequency responses that range from 0.1 to
0.5 Hz in the black sea skate (Raja clavata) [2], 2–3 Hz
in the clearnose skate (R. eglanteria) [55], and 1–5 Hz in
the little skate (R. erinacea) [46]. While these diﬀerences
in peak frequency response among species may represent species diﬀerences related to their behavior and
natural ecology, the low pass characteristics observed in
Table 2
Species-speciﬁc pulse duration of electric organ discharges (EODs)
from skates (family Rajidae)

Fig. 2. Diagrammatic representation of the little skate, Raja erinacea,
showing the position of the electric organ (eo; black) in the tail and the
corresponding monophasic, head negative electric organ discharge
waveform recorded 1 cm from the skin in the tail regions indicated.
Note that the cross-section of the tail shows the position of the eo and
lateral displacement of muscle bundles around the eo. (Modiﬁed from
Bratton and Ayers [13]).

Species

EOD pulse
duration (ms)

Reference

Raja montagui
Raja eglanteria
Raja microcellata
Raja clavata
Raja erinacea
Raja radiata
Raja ocellata

31
33
34
37
70
92
217

[14]
[55]
[14]
[14]
[13,14]
[14]
[13,14]
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skates and other batoids most likely represent physiological constraints of ampullary electroreceptor cells,
i.e., membrane resistance and capacitance of the receptor epithelium, cable properties of the ampullary canals,
and the ionic membrane properties of the receptor itself.
Recent neurophysiological work shows that the skate
electrosensory system can encode weak EODs produced
by conspeciﬁcs during social and reproductive interactions. In the clearnose skate (Raja eglanteria) the peak
frequency sensitivity of electrosensory primary aﬀerents
in adult clearnose skates (2–3 Hz) is aligned with average pulse rate of EODs (2.5 Hz) produced by conspeciﬁcs during social and mating behaviors (Fig. 3)
[55]. Similarly, the peak frequency sensitivity (5–7 Hz)
of electrosensory primary aﬀerents in the adult little
skate (Raja erinacea) [46] is also aligned with the EOD
pulse rate (about 5 Hz) produced during interactions
with conspeciﬁcs [13]. Furthermore, the electrosensory
system in R. erinacea is also well suited to detect the
spectral components of individual EOD pulses [47].
Such matches between the electrosensory encoding capabilities and EOD properties of skates may serve to
facilitate communication during social interactions.
3.2. Detection of predators
One important function of the skate electric sense,
especially during the early life history, is for the detection and avoidance of predators. Work on the clearnose
skate (Raja eglanteria) shows that the electrosensory
system of egg-encapsulated embryonic skates is well

suited to detect potential egg predators [55]. Embryos of
egg-laying elasmobranchs spend their embryonic life in
an oviposited egg case on or near the benthic substrate
where they are vulnerable to egg predators, which
include other elasmobranchs (sharks, rays and skates),
teleost ﬁshes, marine mammals and molluscan
gastropods [17,21,37,58,59,62]. Late-term embryonic
skates undulate their tail in one corner of the egg case to
facilitate the circulation of fresh seawater through ventilation pores found in the horns of the egg case. This
behavior results in the streaming of water from one horn
of the egg case at velocities of approximately 7 cm s 1
[55] and creates a localized vortex near the egg which
may provide olfactory, electrosensory and mechanosensory cues that facilitate the detection and location
of the skate by potential predators. The peak frequency
sensitivity of electrosensory primary aﬀerents in
embryonic clearnose skates matches the frequency of
phasic electric stimuli produced during ventilatory
activity of large ﬁsh predators (1–2 Hz) and also corresponds to the same frequency stimuli that interrupt
respiratory movements and elicit an anti-predator freeze
response (Fig. 4) [55]. Thus, the freeze behavior produced by egg-encapsulated embryonic skates will stop
ventilatory streaming, decrease the likelihood of sensory
detection, and thus ‘‘cloak’’ embryos from searching egg
predators. Phasic electric stimuli of 0.1–1 Hz are also
known to interrupt the respiratory movements of newly
post-hatched dogﬁsh, Scyliorhinus canicula, [49] and
may reﬂect the perceived low frequency modulation of a
d.c. ﬁeld produced by an approaching predator as it
moves relative to the embryo [30]. In sum, the match
between peak frequency sensitivity of electrosensory
primary aﬀerents and electric frequency stimuli that elicit
a freeze response indicates that the electric sense of
embryonic skates can eﬃciently mediate predator detection or avoidance, and may represent an adaptive response
in skates and other elasmobranchs to enhance survival.

4. The stingray electric sense
4.1. Courtship and mating behavior of the round stingray

Fig. 3. The match between frequency sensitivity of electrosensory primary aﬀerent neurons and electric organ discharge (EOD) pulse rate
produced by reproductively active clearnose skates, Raja eglanteria.
The tuning curve of the skate electrosensory primary aﬀerents shows
peak sensitivity at 2–3 Hz with a 3-dB drop at approximately 0.6 and
5.6 Hz. Pulse rate distribution of EODs shows that the mean EOD
pulse rate (2.51.1 SD Hz, n=34) matches the frequency of peak
sensitivity for the clearnose skate electrosensory system. (Modiﬁed
from Sisneros et al. [55]).

The round stingray, Urolophus halleri, is a relatively
small stingray found from Point Conception, California
to Panama Bay and is common throughout the Gulf of
California [41]. Courtship and mating among many
individuals of this species can readily be observed during the winter months (January–March) in the clear
shallow waters near Bahia Kino, Mexico [48,65]. Each
day before sunrise during the mating season, reproductively active female rays move into the shallow water
habitat along the shoreline and bury in the sand bottom. Shortly thereafter, solitary male rays can be found
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Fig. 4. Behavioral response of embryonic clearnose skates (Raja eglanteria) to weak electric stimuli. A, Experimental tank used to record the
behavioral response of skate embryos to weak sinusoidal uniform electric ﬁelds. Embryonic skates encapsulated within the egg case were suspended
in a glass tank between two carbon electrodes (E) separated apart by 34 cm and positioned along the longitudinal axis of the egg case. Electric
stimuli were delivered to the electrodes by a function generator (FG) and an isolation ampliﬁer (IA). Behavioral responses of the skate embryos were
backlit by a continuous weak incandescent light source (L) and recorded by a video camera (V) while the stimulus synch output illuminated a LED
for video synchronization. B, Behavioral responses of skate embryos to sinusoidal uniform electric ﬁelds at stimulus (ST) frequencies of 10, 1, and
0.02 Hz. Stimuli were applied at an intensity of 0.56 mV cm 1 across the longitudinal axis of the skate. The response (R) is expressed as a change in
the peak-to-peak (PTP) tail displacement of the skate within the egg case. Prestimulus tail displacement for each record was 10 mm PTP. At 1 Hz,
note the large tail displacement that occurs during coiling of the tail around the body after the onset of the electrical ST and a period of no tail
movement during and after stimulation. Time bars=5 s. C, Freeze response of skate embryos to weak electric stimuli. Behavioral responses (open
diamonds) are shown as a percentage of total ST presentation of 0.02–20 Hz. Note that the peak sensitivity of electrosensory primary aﬀerent
neurons (solid dots) for embryonic skates is at 1–2 Hz and is aligned with the freeze response peak of 0.5–1 Hz. (Fig. A–C were modiﬁed from
Sisneros et al. [55]).
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Fig. 5. Conspeciﬁc detection behavior, bioelectric stimuli, and frequency response of the peripheral electrosensory system in the round stingray,
Urolophus halleri. A, Orientation responses by male round stingrays to buried conspeciﬁc females during the mating season (January–March) in the
clear shallow waters near Bahia Kino, Mexico. Males localize, orient towards, and inspect visually cryptic females buried in the sandy bottom.
Search path of the male ray (1) changes abruptly after the detection of and orientation to the buried female. Males inspect buried females near the
margins of her body disk (2) and pelvic ﬁns (3). Active courtship and copulation begins after the male excavates the buried female and grasps the
female’s body disk with his mouth. Scale bar=25 cm. B, Bioelectric potentials recorded from a female stingray on the dorsal surface above the
spiracle (top, left record) and ventral surface at the gill slits (top, right record). The positive ﬁeld near the spiracle is often fully modulated relative to
a reference point far from the ray. The ventral d.c. ﬁeld is negative, much stronger and often >50% modulated. Recorded potentials are similar for
both male (not shown) and female rays. Scales apply to both top records. Bottom graphs are Fourier transforms that show strong frequency components near 1 Hz that result from ventilatory movements. C, Match between the frequency sensitivity of electrosensory primary aﬀerent neurons
and the frequency spectrum of the modulated bioelectric waveforms produced by round stingrays. The response dynamics of the electrosensory
primary aﬀerents in U. halleri show best frequency sensitivity at approximately 1–2 Hz with a 3 dB drop at approximately 0.5 and 4 Hz. Data are
plotted as the relative mean discharge peak ( 1 SD) for six neurons at ten stimulus frequencies. (Fig. A–C modiﬁed from Tricas et al. [65]).
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actively searching the area for visually inconspicuous
buried females. Upon detection of a female ray, the
searching male will abruptly change direction and orient
towards the conspeciﬁc female and inspect the buried
female with his rostrum placed over the margins of her
body disk, pelvic ﬁns, or sometimes the snout (Fig. 5A).
Active courtship and copulation begins after the male
excavates the buried female and grasps the female’s
pectoral ﬁn with his mouth. Successful copulation
occurs when the male pivots underneath the female
while biting her pectoral ﬁn, aligns his body in a ventralto-ventral position, and then rotates his claspers forward and inserts one clasper into the female’s cloaca.
During copulation, the male will maintain his grasp
with his mouth on the female’s pectoral ﬁn, usually on
the anterior margin, and remain in a ventral-to-ventral
position with the female on top of the male. Copulation
can last between 1 and 10 min.
Early in the mating season, female rays will often
aggregate next to one another in large groups (> 20
rays) that contain individuals either completely exposed
above the substrate or slightly buried with the body of
each female overlapping several others. As the mating
season progresses, heavily scared females from previous
matings are often found buried by themselves or in
smaller groups (< 10 rays) near the shoreline in shallow
water (< 1 m deep). Group burying by females may
represent a behavioral strategy for less-receptive females
(identiﬁed by their multiple mating scars and in some
cases missing spines which are often lost fending oﬀ
persist males) to avoid searching males late in the mating season. Thus, small groups of buried female rays
may provide a refuge for less-receptive females and create a ‘‘dilution’’ eﬀect in which the probability that
unreceptive female will incur unsolicited courtship and
mating by a searching male is related to the inverse of
the group size.

385

bioelectric ﬁeld is an attractive bioelectric cue that varies
with the natural ventilatory rate of the animal ( 0.25 to
2 Hz) and should be a particularly important signal
when the searching ray is at rest near a conspeciﬁc
(Fig. 5B). The static portion of the dc ﬁeld can also
provides an adequate stimulus because it will appear to
vary at low frequency as the stingray electroreceptor
system passes through it (sensu Kalmijn [30]). Peak
frequency sensitivity of the peripheral electrosensory
system in Urolophus matches the peak frequency component of the bioelectric ﬁelds produced by conspeciﬁcs
(Fig. 5C) [65]. Thus, the electric sense in the round
stingray is an important sensory modality that is
‘‘tuned’’ to social bioelectric stimuli and used in a sexdependent context for conspeciﬁc detection during the
mating season.
The use of electroreception for conspeciﬁc detection
in U. halleri has potential beneﬁts for both sexes. For
males, electroreception should enhance male reproductive ﬁtness by increasing the probability of mate detection, which should ultimately increase the number of
courtships and copulations with females. In contrast,
conspeciﬁc detection via electroreception by females
should allow females less receptive to mating to detect,
locate and join buried consexuals for refuge, especially
during the progress of the mating season. In addition to
creating a ‘‘dilution’’ eﬀect (see above), groups of buried
females may also create a ‘‘confusion’’ eﬀect in which
the overlapping bioelectric ﬁelds of buried females act
to interfere with one another and decrease the ability of
a searching male to locate a buried individual in a
group. Future ﬁeld studies that detail the use of electric
sense for conspeciﬁc detection and examine female
aggregation behavior will be needed to determine the
potential beneﬁts and trade oﬀs for consexual group
burying by batoid elasmobranchs.
4.3. Hormonal modulation of the electric sense

4.2. Use of the electric sense for conspeciﬁc detection
Both male and female round stingrays in the wild use
the electrosense to detect and locate conspeciﬁcs during
the mating season [65]. The weak bioelectric ﬁelds produced by visually cryptic buried females provide the
main stimuli for conspeciﬁc localization. Both stingray
sexes use electroreception in a sex-speciﬁc context. Male
stingrays use the electric sense to detect and locate conspeciﬁc females for mating while females use electroreception to locate and join other non-buried receptive
females for mating or join buried less-receptive consexuals for refuge. Like other ﬁshes, stingrays produce a
signiﬁcant standing d.c. ﬁeld that is partially modulated
by the ventilatory movements of the mouth and gill slits
[29,65]. Both the modulated and static portions of the
d.c. ﬁeld can be used by searching rays to locate buried
conspeciﬁcs. The modulated portion of the stingray’s

Recent work shows that in a wild population of
Atlantic stingrays (Dasyatis sabina) the discharge and
frequency response properties of the ampullary electrosensory system in males change with the androgen production cycle [54]. Populations of D. sabina exhibit a 9month protracted mating season from August through
April [36] during which male stingrays exhibit distinct
reproductive activities associated with varying serum
androgen levels [66]. During the primary androgen
increase phase of the androgen production cycle, the
electrosensory primary aﬀerent neurons in wild male
stingrays exhibit an increase in resting discharge regularity, a downshift in best frequency (BF) and bandpass, and a greater sensitivity to low frequency stimuli
from 0.01 to 4 Hz (Fig. 6) [54]. Experimental implants
of dihydrotestosterone (DHT) in male stingrays conﬁrmed the androgen eﬀect and induced a similar low-
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ered BF and bandpass and increased sensitivity (by a
factor of 1.5) to low frequency stimuli from 0.5 to 2
Hz (Fig. 7), which is similar to the natural phasic signals
produced by conspeciﬁcs [54]. The androgen-induced
changes in the frequency response properties of the
peripheral electrosensory system in male stingrays may
represent an adaptation to seasonally increase the
probability of conspeciﬁc detection and enhance the

detection of mates as well as the detection of consexuals,
which may be a target of intrasexual aggression during
male competition for the access to females. The
enhancement of mate detection by males should also
ultimately enhance male ﬁtness by increasing the number of male reproductive encounters with females.
The mechanism by which androgens modulate the
frequency response properties of the elasmobranch

Fig. 6. Annual dihydrotestosterone (DHT) production cycle and response dynamics of ampullary electrosensory primary aﬀerent neurons in male
Atlantic stingrays, Dasyatis sabina. A, Annual cycle of serum DHT concentrations (median values) in male stingrays collected from the Banana
River, FL between April 1993 and May 1994. Serum DHT levels in males show four phases within the annual cycle: (1) androgen suppression (AS),
which occurs between reproductive seasons (April–July) during which the serum androgen levels are low and testes are inactive, (2) primary
androgen increase (PIA), which occurs at the onset of the mating season and spermatocyte development (August-October), (3) androgen decrease
(AD), which occurs after maximum testis growth and spermatocyte development (November–December), and (4) secondary androgen increase
(SAI), which occurs at the end of the mating season and peak period of sperm maturation (January–March). (Modiﬁed from Tricas et al. [66]). B,
Relationship between resting discharge variability and mean interspike interval for electrosensory primary aﬀerent neurons in wild male stingrays.
Rays were collected during AS, PAI, AD, and SAI periods. Discharge variability is expressed as coeﬃcient of variation (CV), a dimensionless ratio
of standard deviation to mean interspike interval (ISI). Note the decrease in CV for PAI indicates an increase in discharge regularity during the onset
of the reproductive season. The number of stingrays and electrosensory primary aﬀerent neurons tested are indicated in parenthesis. All data plotted
as meanstandard error. C, Best frequency histogram for electrosensory primary aﬀerent neurons recorded from male stingrays collected during
annual periods of AS, PAI, AD, and SAI. Number of rays and electrosensory primary aﬀerent neurons tested are indicated in parenthesis. Note the
decrease in best frequency for males collected during PAI at the onset of the reproductive season, and increased percentage of units with low best
frequency. D, Bode plot for the frequency response of electrosensory primary aﬀerent neurons recorded from male stingrays collected during annual
periods of AS, PAI, AD, and SAI. Only data for males collected during AS and SAI are plotted for comparison with males collected during PAI.
The number of rays and electrosensory primary aﬀerent neurons tested are indicated in parenthesis. Peak sensitivity for males during PAI is 4–5 and
7–8 Hz during AS and SAI. Data were calculated from period histogram analysis and are plotted as the mean discharge peak. In order to control for
absolute sensitivity of diﬀerent units, data were normalized to a relative value of 0 dB assigned to the peak response for each unit and then expressed
in relative dB. All data plotted as mean1 standard error. Note some standard error bars are obscured by symbols. (Fig. B–D were modiﬁed from
Sisneros and Tricas [54]).
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ampullary electroreceptor system still remains to be
demonstrated. Previous studies indicate that steroids
can alter the tuning of tuberous electroreceptors and
the electromotor properties of the electrosensorimotor
system of weakly electric ﬁshes [4–6,19,24,32,38–40].
Recent evidence indicates that the steroid-induced
changes in the electromotor system are mediated by
steroid receptors within the electrocytes [7,19,20,25].
These steroid receptor mediated changes are thought to
result in the genomic diﬀerential expression of multiple
channel types (e.g., Na+ and/or K+) that regulate the
current kinetics of the electrocytes and produce the
sexually dimorphic electrocommunication signals in
weakly electric ﬁshes. Similarly, the androgen-induced
changes in the response properties of the elasmobranch
ampullary electroreceptor system might also be mediated by androgen receptors. Unfortunately to date, no
study has yet identiﬁed the location of steroid receptors
in the either the teleost or elasmobranch electroreceptor
systems. Thus, future studies that use steroid autoradiography, antibodies against steroid receptors, or
oligonucleotide probes directed at the steroid receptor’s
mRNAs will be needed in order to determine the
mechanism of steroid action in electroreceptor systems.

5. Summary and conclusions

Fig. 7. Frequency response dynamics of ampullary electrosensory
primary aﬀerent neurons for control and DHT-treated male Atlantic
stingrays, Dasyatis sabina. A, Bode plot for frequency response of
electrosensory primary aﬀerent neurons recorded from male stingrays
following control and DHT implants. Peak frequency sensitivity is 7–8
Hz for control treated ﬁsh and 5–6 Hz for DHT-treated ﬁsh. Number
of rays and electrosensory primary aﬀerent neurons tested are indicated in parenthesis. Data were calculated from the period histogram
analysis and are plotted as the mean discharge peak. In order to control for absolute sensitivity of diﬀerent units, data were normalized to
a relative value of 0 dB assigned to the peak response for each unit and
then expressed in relative dB. All data are plotted as mean 1 standard error. Note some standard error bars are obscured by symbols.
B, Best frequency (BF) histogram for electrosensory primary aﬀerent
neurons for control and DHT-treated male stingrays. Number of rays
and electrosensory primary aﬀerent neurons tested are indicated in
parenthesis. Note that there is an induced downward shift in BFs of
electrosensory primary aﬀerents in DHT-treated rays. C, Frequency
response of electrosensory primary aﬀerent neurons between control
and DHT-treated male stingrays. Data are normalized relative to the
frequency response of electrosensory primary aﬀerents in control rays.
All data plotted as mean1 standard error. Note that the neural
response from 0.5–4 Hz in DHT-treated rays is approximately 2–4 dB
higher than that in control rays. (Fig. A–C were modiﬁed from Sisneros and Tricas [54]).

Recent studies have experimentally demonstrated new
uses of the ampullary electrosense in the natural behavior of sharks and rays that can be classiﬁed into four
major categories (Fig. 8). The ﬁrst function demonstrated for the shark electrosense was for the detection
of weak bioelectric ﬁelds produced by living prey. Most
if not all sharks and rays may use the electrosense in this
context. The use of the electrosense to detect mates was
recently demonstrated for non-electrogenic stingrays,

Fig. 8. Biological contexts in which the ampullary electrosense of
sharks and rays can mediate natural bioelectric stimuli. The electrosensory system was ﬁrst shown to be sensitive to bioelectric ﬁelds
produced by prey. Recent work shows that the electrosense can also be
used to sense mates and potential predators. The use of the electrosense during competitive interactions with other species is probable.
Closed arrowheads show sources of bioelectric stimuli and direction of
information transfer. Open arrowheads indicate that the shark or ray
could also provide bioelectric signals to the other organism during
interactions with prey, predators or competitors that also have an
electrosensory system (e.g. other elasmobranchs).
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and evidence is mounting that the weakly electric skates
may use their EOD in social and mating interactions.
Because social and mating behavior involves conspeciﬁc
interactions both sexes likely use their electrosensory
systems for this purpose. The electrosensory system of
embryonic skates is capable of detecting weak bioelectric ﬁelds produced by an approaching predator.
The electrosensory system may be used to avoid predation during other life history stages in many elasmobranch species. Finally, other conspeciﬁc and
heterospeciﬁc ecological interactions such as competition over food items may be mediated by the electrosense. This latter use of the electrosensory system
remains to be further studied.
Neurophysiology experiments have revealed that the
tuning properties of the electrosense may change across
the life history of a species, and also on a seasonal basis
during the reproductive season. These changes in sensitivity are hypothesized to enhance individual ﬁtness, but
these adaptations still remain to be experimentally tested. For example, does the downward shift in BF and
band pass in male stingray electroreceptors during the
reproductive season confer an actual increase in their
ability to detect and mate with females? These important questions must be addressed for a complete neuroethological analysis of the function of neural systems in
the adaptive behavior of these ﬁshes.
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(1955) 459–462.
[2] G.N. Andrianov, G.R. Broun, O.B. Ilyinsky, V.M. Muraveiko,
Frequency characteristics of skate electroreceptive central neurons responding to electric and magnetic stimulation, Neurophysiology 16 (1984) 365–376.
[3] V.D. Baron, L.S. Sokolova, N.A. Mikhailenko, Identiﬁcation of
spinal electromotoneurons in the ray, Raja clavata (Rajidae),
Neuroscience 48 (2) (1992) 397–403.
[4] A.H. Bass, C.D. Hopkins, Hormonal control of sexual diﬀerentiation: changes in electric organs discharge waveform, Science
220 (1983) 971–974.
[5] A.H. Bass, C.D. Hopkins, Shifts in frequency tuning in androgentreated mormyrid ﬁshes, J. Comp. Physiol. A 155 (1984) 713–724.
[6] A.H. Bass, S.F. Volman, From behavior to membranes: Testosterone-induced changes in action potential duration in electric
organs, Proc. Natl. Acad. Sci. USA 84 (1987) 9295–9298.
[7] A.H. Bass, N. Segil, D.B. Kelley, Androgen binding in the brain
and electric organ of a mormyrid ﬁsh, J. Comp. Physiol. A 159
(1986) 535–544.
[8] P. Belbenoit, Electric organ discharge of Torpedo (Pisces); basic
pattern and ontogenetic changes, J. Physiol. (Paris) 75 (1979)
435–441.
[9] P. Belbenoit, Fine analysis of predatory and defensive motor
events in Torpedo marmorata (Pisces), J. Exp. Biol. 121 (1986)
197–226.
[10] M.V.L. Bennett, Electric organs, in: W.S. Hoar, D.J. Randall
(Eds.), Fish Physiology, Academic Press, New York, 1971, pp.
347–349.

[11] M.V.L. Bennett, Electroreception, in: W.S. Hoar, D.J. Randall
(Eds.), Fish Physiology, Academic Press, New York, 1971, pp.
493–574.
[12] M.V.L. Bennett, M. Wurzel, H. Grundfest, The electrophysiology of electric organs of marine electric ﬁshes. I. Properties of electroplaques of Torpedo nobiliana, J. Gen Physiol 44
(1961) 757–804.
[13] B.O. Bratton, J.L. Ayers, Observations on the electric discharge
of two skate species (Chondrichthyes: Rajidae) and its relationship to behavior, Environ. Biol. Fishes 20 (1987) 241–254.
[14] B.O. Bratton, R. Williamson, Waveform characteristics of the
skate electric organ discharge, J. Comp. Physiol. A 173 (1993)
741.
[15] R.N. Bray, M.A. Hixon, Night-shocker: predatory behavior of
the Paciﬁc electric ray (Torpedo californica), Science 200 (1978)
333–334.
[16] L.G. Brock, R.M. Eccles, R.D. Keynes, The discharge of individual electroplates in Raja clavata, J. Physiol. (Lond.) 122 (1953)
4P–6P.
[17] D.L. Cox, T.J. Koob, Predation on elasmobranch eggs, Environ.
Biol. Fishes 38 (1993) 117–125.
[18] J. Doyle, The acid mucopolysaccharides in the glands of Lorenzini of elasmobranch ﬁsh, Biochem. J. 88 (1963) 7.
[19] K.D. Dunlap, M.L. McAnelly, H.H. Zakon, Estrogen modiﬁes
an electrocommunication signal by altering the electrocyte
sodium current in an electric ﬁsh, Sternopygus, J. Neurosci 17
(1997) 2869–2875.
[20] K.D. Dunlap, H.H. Zakon, Behavioral actions of androgens and
androgen receptor expression in the electrocommunication system of an electric ﬁsh, Eigenmannia virescens, Horm. Behav 34
(1998) 30–38.
[21] D.A. Ebert, Diet of the sevengill shark Notorynchus cepedianus in
the temperate coastal waters of southern Africa, S. Afr. J. Mar.
Sci. 11 (1991) 565–572.
[22] J.C. Ewart, The electric organ of the skate, Philos. Trans. Roy.
Soc. Lond. B 179 (1888) 399–420.
[23] J.C. Ewart, The electric organ of the skate: observations on the
structure, relations, progressive development, and growth of the
electric organ of the skate, Philos. Trans. Roy. Soc. Lond. B 183
(1892) 389–420.
[24] M.B. Ferrari, M.L. McAnelly, H.H. Zakon, Individual variation
and androgen modulation of the sodium current in electric organ,
J. Neurosci 15 (1995) 4023–4032.
[25] W.P. Few, H.H. Zakon, Androgens alter electric organ discharge
pulse duration despite stability in electric organ discharge frequency, Horm. Behav 40 (2001) 434–442.
[26] R. Ishiyama, Studies on the rajid ﬁshes (Rajidae) found in the
waters around Japan, J. Shimonoseki Coll. Fish 7 (1958) 193–395.
[27] B.A. Jacob, J.D. McEachran, P.L. Lyons, Electric organs in
skates: variation and phylogenetic signiﬁcance (Chondrichthyes:
Rajoidei), J. Morph 221 (1994) 45–63.
[28] A.J. Kalmijn, The electric sense of sharks and rays, J. Exp. Biol.
55 (1971) 371–383.
[29] A.J. Kalmijn, The detection of electric ﬁelds from inanimate and
animate sources other than electric organs, in: A. Fessard (Ed.),
Handbook of Sensory Physiology, Springer-Verlag, New York,
1974, pp. 147–200.
[30] A.J. Kalmijn, Detection of weak electric ﬁelds, in: J. Atema,
R.R. Fay, A.N. Popper, W.N. Tavolga (Eds.), Sensory Biology
of Aquatic Animals, Springer-Verlag, New York, 1974, pp. 507–
528.
[31] M. Kantner, W.F. Konig, W. Reinbach, Bau und innervation der
Lorenzinischen ampullen und deren bedeutung als niederes sinnesorgan, Z. Zellforsch 57 (1962) 124–135.
[32] C.H. Keller, H.H. Zakon, D.Y. Sanchez, Evidence for a direct
eﬀect of androgens upon electroreceptor tuning, J. Comp. Physiol. A 158 (1986) 301–310.

J.A. Sisneros, T.C. Tricas / Journal of Physiology - Paris 96 (2002) 379–389
[33] D.M. Koester, Identiﬁcation of the electromotorneurons innervating the electric organ of skates, Am. Zool 27 (4) (1987)
105.
[34] S. Lorenzini. Osservazioni intorno alle Torpedini, Vol. 1, Firenze,
1678.
[35] C.G. Lowe, R.N. Bray, D.R. Nelson, Feeding and associated
electrical behavior of the Paciﬁc electric ray Torpedo californica in
the ﬁeld, Mar. Biol. 120 (1994) 161–169.
[36] K.P. Maruska, E.G. Cowie, T.C. Tricas, Periodic gonadal activity and protracted mating in elasmobranchs, J. Exp. Zool 276
(1996) 219–232.
[37] J.D. McEachran, D.F. Boesch, J.A. Musick, Food division
within two sympatric species-pairs of skates (Pisces: Rajidae),
Mar. Biol. 35 (1976) 301–317.
[38] J.H. Meyer, Steroid inﬂuences upon the discharge frequencies of
a weakly electric ﬁsh, J. Comp. Physiol. A 153 (1983) 29–37.
[39] J.H. Meyer, H.H. Zakon, Androgens alter the tuning of electroreceptors, Science 217 (1982) 635–637.
[40] A. Mills, H.H. Zakon, Chronic androgen treatment increases
action potential duration in the electric organ of Sternopygus, J.
Neurosci 11 (1991) 2349–2361.
[41] D.J. Miller, R.N. Lea, Guide to the coastal marine ﬁshes of
California, Calif. Dept. Fish and Game Fish Bulletin 157 (1972)
1–249.
[42] J. Mortenson, R.H. Whitaker, Electric discharge in free swimming female winter skates (Raja ocellata), Amer Zool 13 (1973)
1266.
[43] R.W. Murray, Electrical sensitivity of the ampullae of Lorenzini,
Nature 187 (1960) 957.
[44] R.W. Murray, The response of the ampullae of Lorenzini in elasmobranchs to electrical stimulation, J. Exp. Biol. 39 (1962) 119–128.
[45] R.W. Murray, T.W. Potts, The composition of the endolymph
and other ﬂuids of elasmobranchs, Comp. Biochem. Physiol 2
(1961) 65–75.
[46] J.G. New, Medullary electrosensory processing in the little skate,
I. Response characteristics of neurons in the dorsal octavolateralis nucleus, J. Comp. Physiol. A 167 (1990) 285–294.
[47] J.G. New, Electric organ discharge and electrosensory reaﬀerence
in skates, Biol. Bull 187 (1994) 64–75.
[48] S.E. Nordell, Observation of the mating behavior and dentition
of the round stingray, Urolophus halleri, Environ. Biol. Fishes 39
(1994) 219–229.
[49] R.C. Peters, H.P. Evers, Frequency selectivity in the ampullary
system of an elasmobranch ﬁsh (Scyliorhinus canicula), J. Exp.
Biol. 118 (1985) 99–109.
[50] W. Raschi, A morphological analysis of the ampullae of Lorenzini
in selected skates (Pisces, Rajoidei), J. Morph 189 (1986) 225–247.

389

[51] G. Retzius, Zur kenntniss der Lorenzinischen Ampullen der
selachier, Biol. Unters. N.F 8 (1898) 75–82.
[52] J.B. Sanderson, F. Gotch, On the electric organ of the skate, J.
Physiol. (Lond.) 9 (1888) 137–166.
[53] T.J. Sejnowski, M.L. Yodlowski, A freeze fracture study of the
skate electroreceptors, J. Neurocytol 11 (1982) 897–912.
[54] J.A. Sisneros, T.C. Tricas, Androgen-induced changes in the
response dynamics of ampullary electrosensory primary aﬀerent
neurons, J. Neurosci 20 (2000) 8586–8595.
[55] J.A. Sisneros, T.C. Tricas, C.A. Luer, Response properties and
biological function of the skate electrosensory system during
ontogeny, J. Comp. Physiol. A 183 (1998) 87–99.
[56] D. Stark, On the existence of an electrical apparatus in the ﬂapper
skate and other rays, Edinb. Roy. Soc. Proc 2 (1844) 1844–1845.
[57] N. Stenonis. De musculis et glandulis observationum specimen
cum duabus epistolis quarum una ad guil, Pisonum de anatome
Rajae etc. Amstelodami, 1664.
[58] C.E. Stillwell, N.E. Kohler, Food, feeding habits, and estimates
of daily ration of the shortﬁn mako (Isurus oxyrinchus) in the
northwest Atlantic, Can. J. Fish Aquat. Sci. 39 (1982) 407–414.
[59] C.E. Stillwell, N.E. Kohler, Food habits of the sandbar shark
Carcharhinus plumbeus oﬀ the U.S. northeast coast, with estimates of daily ration, Fish Bull. US 91 (1993) 138–150.
[60] T. Szabo, Quelques precisions sur lay noyau de commande centrale de la decharge electrique chez la Raie (Raja clavata), J.
Physiol. (Paris) 47 (1955) 283–285.
[61] T. Szabo, Anatomo-physiologie des centers nerveux speciﬁciques
de quelques organs electriques, in: C. Chagas, A.P. de Carvalho
(Eds.), Bioelectrogenesis, Elsevier, New York, 1961, pp. 185–201.
[62] T. Taniuchi, Aspects of reproduction and food habits of the
Japanese swell shark Cephaloscyllium umbratile from Choshi,
Japan, Nippon Suisan Gakkaishi 54 (1988) 627–633.
[63] T.C. Tricas, Bioelectric-mediated predation by swell sharks,
Cephaloscyllium ventriosum, Copeia 1982 (1982) 948–952.
[64] T.C. Tricas, The neuroecology of the elasmobranch electrosensory world: why peripheral morphology shapes behavior,
Environ. Biol. Fishes 60 (2001) 77–92.
[65] T.C. Tricas, S.W. Michael, J.A. Sisneros, Electrosensory optimization to conspeciﬁc phasic signals for mating, Neurosci. Lett.
202 (1995) 129–132.
[66] T.C. Tricas, K.P. Maruska, L.E.L. Rasmussen, Annual cycles of
steroid hormone production, gonad development, and reproductive behavior in the Atlantic stingray, Gen. Comp. Endocrinol
118 (2000) 209–225.
[67] B. Waltman, Electrical properties and ﬁne structure of the
ampullary canals of Lorenzini, Acta Physiol. Scand. 66 (264)
(1966) 1–60.

Biosens Bioelectron. 2006 Aug 15;22(2):253-9. Epub 2006 Feb 17

A sensitive determination of estrogens with a Pt nano-clusters/multi-walled
carbon nanotubes modified glassy carbon electrode
Lin X, Li Y.
Department of Chemistry, University of Science and Technology of China, Hefei
230026, PR China. xqlin@ustc.edu.cn
On the top of a multi-walled carbon nanotubes (MWNTs) modified glassy carbon
electrode (MWNTs/GCE), Pt nanoclusters were electrochemically deposited,
fabricating a Pt/MWNTs composite modified electrode, Pt/MWNTs/GCE. X-ray
photoelectron spectroscopy, powder X-ray diffraction and field emission scanning
electron microscope were used for the surface characterization of the electrode, and
demonstrated the formation and distribution of Pt clusters of Pt nanoparticles of 8.4
nm in averaged size in the MWNTs matrix. The preliminary study found that this
composite modified electrode has strong electrocatalytic activity toward the
oxidation of estrogens involving estradiol, estrone and estriol. The voltammetric
behavior of estrogens on this electrode was investigated by cyclic voltammetry,
linear sweep voltammetry and square-wave voltammetry. In comparison with the
MWNTs/GCE or a Pt nanoparticles modified GCE prepared in the similar way, this
composite modified electrode exhibited much higher current sensitivity and
catalytic activity. This electrode is also stable. The linear range of square-wave
voltammetric determination was 5.0 x 10(-7)-1.5 x 10(-5)mol/L for estradiol, 2.0 x
10(-6)-5.0 x 10(-5)mol/L for estrone, and 1.0 x 10(-6)-7.5 x 10(-5)mol/L for estriol.
Under an assumption that the concentration ratio of estradiol:estrone:estriol is 2:2:1,
the real sample of blood serums was tested for the determination using this
electrode. Satisfactory result was obtained with averaged recovery of 105%.
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Amperometric immunosensors based on layer-by-layer assembly of gold
nanoparticles and methylene blue on thiourea modified glassy carbon
electrode for determination of human chorionic gonadotrophin.
Chai R, Yuan R, Chai Y, Ou C, Cao S, Li X.
Chongqing Key Laboratory of Analytical Chemistry, College of Chemistry and
Chemical Engineering, Southwest University, Chongqing 400715, China.
Nano-Au and methylene blue (MB) were assembled layer-by-layer (LBL) into films
on the glassy carbon electrode modified by thiourea for detection of human
chorionic gonadotrophin (HCG). The electrode modification process was
characterized by cyclic voltammetry (CV), electrochemical impedance spectroscopy
(EIS) and scanning electron micrograph (SEM). The factors influencing the
performance of the amperometric immunosensor were studied in detail. Tests
performed with this immunosensor showed good linearity, the working range for
the system was 1.0-100.0 mIU/mL with a detection limit of 0.3 mIU/mL at 3sigma.
Moreover, the studied immunosensor exhibited high sensitivity and long-term
stability. The present work supplied a promising test method for clinical
immunoassay.
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Application of an in situ plated lead film electrode to the analysis of
testosterone by adsorptive stripping voltammetry.
Tyszczuk K.
Faculty of Chemistry, Maria Curie Sklodowska University, 20-031, Lublin,
Poland. ktyszczu@hermes.umcs.lublin.pl
Adsorptive stripping voltammetry is a very sensitive and selective method
for determination of drugs and organic substances in biological fluids. We
have shown that determination of testosterone by adsorptive stripping
voltammetry is possible using a lead film electrode. The lead film plating
process and accumulation of testosterone were performed simultaneously
from an acetate buffer solution of pH = 5.2 at a potential of -1.1 V. The
measurements were carried out in undeaerated solutions. The detection
limit was 9 x 10(-9) mol L(-1) for an accumulation time of 120 s; the relative
standard deviation for 1 x 10(-7) mol L(-1) testosterone was 3.8%. The
proposed voltammetric procedure for determination of testosterone could be
applied to its determination in a pharmaceutical preparation and human
urine samples directly without any separation steps.
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Closed head injury in the rat induces whole body oxidative stress: overall
reducing antioxidant profile.
Shohami E, Gati I, Beit-Yannai E, Trembovler V, Kohen R.
Department of Pharmacology, Hebrew University of Jerusalem, Israel.
esty@cc.huji.ac.il
Traumatic injury to the brain triggers the accumulation of harmful mediators,
including highly toxic reactive oxygen species (ROS). Endogenous defense
mechanism against ROS is provided by low molecular weight antioxidants
(LMWA), reflected in the reducing power of the tissue, which can be measured by
cyclic voltammetry (CV). CV records biological peak potential (type of scavenger),
and anodic current intensity (scavenger concentration). The effect of closed head
injury (CHI) on the reducing power of various organs was studied. Water and lipid
soluble extracts were prepared from the brain, heart, lung, kidney, intestine, skin,
and liver of control and traumatized rats (1 and 24 h after injury) and total LMWA
was determined. Ascorbic acid, uric acid, alpha-tocopherol, carotene and ubiquinol10 were also identified by HPLC. The dynamic changes in LMWA levels indicate
that the whole body responds to CHI. For example, transient reduction in LMWA
(p<0.01) in the heart, kidney, lung and liver at 1 h suggests their consumption,
probably due to interaction with locally produced ROS. However, in some tissues
(e.g., skin) there was an increase (p<0.01), arguing for recruitment of higher than
normal levels of LMWA to neutralize the ROS. alpha-Tocopherol levels in the
brain, liver, lung, skin, and kidney were significantly reduced (p<0.01) even up to
24 h. We conclude that although the injury was delivered over the left cerebral
hemisphere, the whole body appeared to be under oxidative stress, within 24 h after
brain injury.
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Continuous amperometric detection of co-released serotonin and melatonin
from the mucosa in the ileum.
Patel BA.
Department of Bioengineering, Imperial College London, London, UKSW7 2AZ.
Bhavik.a.patel@imperial.ac.uk
Serotonin (5-HT) and melatonin (MEL) are well known neurotransmitters and
paracrine signalling molecules. Both compounds are present in enterochromaffin
(EC) cells in the mucosa of the gastrointestinal tract and are thought to play a role in
controlling gut motility. To date there are no real-time analytical methods for the
detection of these two molecules and it is not clear if MEL is actually released from
the EC cells. In this paper, I used boron-doped diamond (BDD) microelectrodes to
record 5-HT and MEL overflow from EC cells in the mucosa of rabbit ileum. The
BDD microelectrode was extremely stable and sensitive for measurements of both
compounds when assessed using differential pulse voltammetry (DPV) and flow
injection analysis (FIA) using amperometric detection. MEL release was detected in
the mucosa, where it is most likely from the EC cells. Mechanical stimulation of
individual villi increased 5-HT but not MEL overflow. Application of the serotonin
transporter (SERT) inhibitor, fluoxetine, elevated the 5-HT but not the MEL signal.
Differences in the amounts of the two gastrointestinal compounds released and the
mechanism of which they are released will provide insights to the physiology of the
EC cell and disease states.
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Cyclic voltammetry study of glucose and insulin interactions with
supported lipid membrane
Laputková G, Sabo J.
Department of Medical Biophysics, Medical Faculty, University of P.J. Safárik,
Trieda SNP 1, 040 66, Kosice, Slovak Republic.
The effect of D-glucose and insulin on conducting properties of supported bilayer
lipid membranes (s-BLM) modified by anthraquinone-2-sulphonic acid (AQS) at
the presence of potassium ferricyanide was studied by means of cyclic voltammetry
(CV). Both the oxidation and the reduction current peaks were found to decrease at
the presence of glucose in concentration range varying from 10 to 320 mM. The
influence of insulin on membrane properties is ambiguous. While the pretreatment
of membrane with 20 mU l(-1) of insulin evoked slight increase of the current with
unchanged course of the dependence of peak current on glucose, the decrease of
conductance was observed above 10(5) mU l(-1) of insulin.
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Determination of melatonin in galenic preparations by LC and
voltammetry.
Raggi MA, Bugamelli F, Pucci V.
Department of Pharmaceutical Sciences, University of Bologna, Via Belmeloro 6,
40126 Bologna, Italy. raggima@alma.unibo.it
The amount of melatonin in galenic tablets was determined by means of two
feasible and accurate analytical methods. The high performance liquid
chromatography (HPLC) with ultraviolet detection at 223 nm used a C(18)
reversed-phase column; the linear scan voltammetric procedure (LSV) employs a
pH 3.0 phosphate buffer as the supporting electrolyte for the oxidation process of
melatonin, which has a current intensity maximum at +850 mV. The two methods
gave satisfactory results in terms of precision and accuracy. In fact, the data of
repeatability and intermediate precision expressed as percentage relative standard
deviations (RSD%) were < or =2.8 and the accuracy values, resulting from recovery
experiments, were between 99.0 and 101.3%. Both methods are suitable for quality
control of melatonin in galenic preparations; the LSV procedure is more rapid, the
HPLC method is more sensitive and more precise.
PMID:

12...

[PubMed - indexed for MEDLINE]

Bioelectrochemistry. 2002 May 15;56(1-2):63-6.

Differential pulse adsorptive stripping voltammetry of osmium-modified
peptides
Billová S, Kizek R, Palecek E.
Institute of Biophysics, Academy of Sciences of the Czech Republic, Královopolská
135, 612 65 Brno, Czech Republic.
Complexes of osmium tetroxide with nitrogen ligands were developed and used in
our laboratory as probes of the DNA structure. Here, we show that the complex of
osmium tetroxide with 2,2'-bipyridine (Os,bipy) can be used for modification and
electrochemical detection of proteins at neutral pH. Salmon luteinizing hormone
(SLH) containing two tryptophan (Trp) residues and human luteinizing hormone
(HLH) containing one Trp were modified by Os,bipy and measured by differential
pulse adsorptive stripping voltammetry (DPAdSV) at a hanging mercury drop
electrode (HMDE). The intensity of the DPAdSV catalytic signals corresponded to
the number of Trp residues in the peptide molecule. Decreasing pH of the
background electrolyte from 6.6 to 3.8 led to the increase of DPAdSV signals,
suggesting that at pH 3.8, the DPAdSV detection limit might be well below 1
ng/ml. Our results suggest that Os,bipy is potentially useful for chemical
modification of proteins.
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Differential pulse voltammetric determination of methylprednisolone in
pharmaceuticals and human biological fluids.
Goyal RN, Bachheti N, Tyagi A, Pandey AK.
Department of Chemistry, Indian Institute of Technology Roorkee, Roorkee
247667, India. rngcyfcy@iitr.ernet.in
Electrochemical behaviour of methylprednisolone (MP) at the fullerene-C60modified glassy carbon electrode has been investigated using differential pulse
voltammetry. The experimental results suggest that the modified electrode exhibits
electrocatalytic effect on the oxidation of MP resulting in a marked enhancement of
the peak current response. Under the selected conditions, the oxidation peak current
was linearly dependent on the concentration of MP in the range 5.0 nM-1.0 microM
with a sensitivity of 0.0107 microA microM(-1). The detection limit was estimated
to be 5.6 nM. The electrode showed good sensitivity, selectivity, stability and
reproducibility. In addition, the developed method was satisfactorily applied to the
determination of MP in pharmaceutical formulations and human serum and urine
samples without any necessity for sample treatment or time-consuming extraction
steps prior to the analysis. GC-MS method was used to cross-validate the results
obtained for the quantitative estimation of MP in biological fluids and the results
showed approximately 2% deviation to those obtained using the proposed method.
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[Effect of estrogen on dopamine release evoked by electric stimulation of
central amygdaloid nucleus]
[Article in Chinese]
Xie JX, Liu B.
Department of Physiology, Medical College of Qingdao University, Qingdao
266021. jxiaxie@public.qd.sd.cn
In vivo fast cyclic voltammetry (FCV) was used to investigate dopamine (DA)
release from central amygdaloid nucleus (CAN) of ovariectomized (OVX),
estrogen-treated and normal female rats. Radioimmunoassay was used to measure
the serum concentration of estradiol (E(2)). DA release was significantly higher in
OVX rats treated with estradiol benzoate (EB) as compared with controls. The DA
release due to electric stimulation is dose-dependent on serum concentration of
estradiol, suggesting that estrogen may play an important role in regulating DA
release from CAN.
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Enhanced nucleus accumbens dopamine and plasma corticosterone stress
responses in adult rats with neonatal excitotoxic lesions to the medial
prefrontal cortex
Brake WG, Flores G, Francis D, Meaney MJ, Srivastava LK, Gratton A.
Douglas Hospital Research Centre, Department of Psychiatry, McGill University,
6875 LaSalle Boulevard, Montréal, Canada.
The medial prefrontal cortex modulates the nucleus accumbens dopamine response
to stress and has been implicated in feedback regulation of hypothalamic-pituitaryadrenal axis activation by stress. Here we report on the effects of bilateral neonatal
(postnatal day 7) ibotenate-induced lesions to the medial prefrontal cortex on
nucleus accumbens dopamine and neuroendocrine function in adult rats.
Voltammetry was used to monitor the dopamine response to each of five, once-daily
exposures to tail-pinch stress whereas alterations in neuroendocrine function were
determined from the plasma corticosterone response to a single 20-min episode of
restraint stress. Potential lesion-induced deficits in sensory-motor gating were
assessed by measuring prepulse inhibition of the acoustic startle response before
and after repeated stress. Our data show that each daily stress episode elicited larger
and longer-lasting dopamine increases in prefrontal cortex-lesioned animals than in
sham-lesioned controls. Furthermore, greater stress-induced elevations in plasma
corticosterone were seen in lesioned animals than in their sham-lesioned
counterparts. However, while repeated stress potentiated startle responses in
animals of both groups, there was no effect of lesion on the amplitude or on
prepulse inhibition of the startle response.Together, these findings indicate that
neonatal prefrontal cortex damage can lead to changes in mesolimbic dopamine and
neuroendocrine function during adulthood. They also add to a growing body of
experimental and clinical evidence implicating abnormal prefrontal cortex neuronal
development in the pathophysiology of schizophrenia and other disorders linked to
central dopamine dysfunction.
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Extracellular dopamine in the anterior nucleus accumbens is distinctly
affected by ventral tegmental area administration of cholecystokinin and
apomorphine: data from in vivo voltammetry
Reum T, Fink H, Marsden CA, Morgenstern R.
Institute of Pharmacology and Toxicology, Medical Faculty (Charité), HumboldtUniversity at Berlin, Germany.
The interaction of cholecystokinin (CCK) and dopamine (DA) in the mesolimbic
system was investigated. The study focused on DAergic cells not containing
colocalized CCK projecting from the ventral tegmental area (VTA) to the anterior
nucleus accumbens (NA). Differential pulse voltammetry in pargyline pretreated
and anesthetized rats was used to measure extracellular DA in the anterior NA
following microinjection of apomorphine either alone or in combination with CCK8s into the VTA. In agreement with an earlier study there was a dose-dependent
increase in the DA signal in the anterior NA after microinjection of CCK-8s into the
VTA. Apomorphine microinjected into the VTA produced a biphasic effect on
extracellular DA in the anterior NA with an increase from basal levels of
approximately 50% by 1 ng, whereas 10 ng was ineffective and 100 ng
apomorphine caused a slight decrease in the DA signal. Apomorphine (1 ng)
microinjected together with 1 ng CCK-8s produced an increase in the DA signal to
approximately 180% of the baseline value, whereas the combination of 1 ng
apomorphine and 100 ng CCK-8s was ineffective. When 100 ng apomorphine were
microinjected in combination with either 1 ng or 100 ng CCK-8s, the DA signal in
the anterior NA was unchanged. These results suggest that low doses of
apomorphine injected into the VTA synergistically influence the effects of CCK-8s
on extracellular DA in the anterior NA, whereas higher doses of apomorphine
suppress the effect of CCK-8s on DAergic cells projecting to the anterior NA.
PMID: 9639255 [PubMed - indexed for MEDLINE
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Hippocampal norepinephrine-like voltammetric responses following
infusion of corticotropin-releasing factor into the locus coeruleus
Palamarchouk VS, Zhang J, Zhou G, Swiergiel AH, Dunn AJ.
Department of Pharmacology and Therapeutics, Louisiana State University Medical
Center, Shreveport, LA 71130-3932, USA.
Intracerebroventricular (i.c.v.) administration of corticotropin-releasing factor
(CRF) increases the activity of noradrenergic neurons in the locus coeruleus (LC)
assessed by electrophysiological and neurochemical studies. It has been suggested
that this effect of i.c.v. CRF is exerted directly on LC noradrenergic (LC-NE)
neurons. Infusion of CRF directly into the LC increases cortical and hippocampal
release of norepinephrine (NE) as indicated by in vivo microdialysis studies, but the
electrophysiological studies have shown both increases and decreases. The present
study used in vivo voltammetry to study changes in the extracellular concentrations
of NE in the rat hippocampus in response to infusion of CRF (100 ng) into the LC.
When the infusion cannula was located in or very close to the LC, the immediate
response to CRF was a small decrease in the NE-like oxidation current, followed by
a robust increase after about 6-7 min. The oxidation current reached a peak around
13 min and returned to baseline by about 30 min after CRF infusion. By contrast
with CRF, infusion of glutamate into the LC increased the oxidation current with a
delay of around 30 s and a peak within 90 s. The responses to LC infusion of CRF
in rats treated with DSP-4 to deplete hippocampal NE were substantially smaller
than those in untreated rats, suggesting that the oxidation signals in untreated rats
reflected changes in concentrations of NE. The response to glutamate was markedly
augmented by pretreatment with the NE reuptake inhibitor, desmethylimipramine,
suggesting that the observed responses reflected changes in NE. Infusion of the
same dose of CRF into brain structures outside the LC did not elicit consistent
changes in oxidation current in the hippocampus. The time course of the responses
to CRF is compatible with previously reported electrophysiological responses of
LC-NE neurons to CRF and with neurochemical evidence indicating that CRF can
affect the activity of LC-NE neurons. The results indicate that CRF may act in or
close to the LC to induce release of hippocampal NE, but the delayed response to
CRF compared with that to glutamate, suggests that CRF does not directly activate
LC-NE neurons.
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Increased dopamine release in vivo by estradiol benzoate from the central
amygdaloid nucleus of Parkinson's disease model rats
Liu B, Xie J.
Department of Physiology, Medical College of Qingdao University, Qingdao, China.
In addition to the dopaminergic neurons in the nigrostriatal system, the properties of
dopaminergic neurons in the mesolimbic system, such as the amygdala, are also of
interest and importance because of their specific neuromodulatory effects in the
pathophysiology of Parkinson's disease (PD). Using the fast cyclic voltammetry
(FCV) technique, we present evidence to indicate that electrically-evoked dopamine
(DA) release from the amygdala, especially the central amygdaloid nucleus (CAN), of
ovariectomized (OVX) female rats was significantly enhanced with increasing doses
of estradiol benzoate (EB; 30, 50 and 100 microg/kg). Impaired DA release from the
amygdala of an OVX rat PD model can also be increased by EB treatment (50
microg/kg) to a level similar to that of controls. The well established neuroprotective
effects of estrogen may be beneficial for reducing the dysfunction of dopaminergic
neurons in mesolimbic structures of rat PD models and PD patients.
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Inhibition by arachidonic acid and other fatty acids of dopamine uptake at
the human dopamine transporter.
Chen N, Appell M, Berfield JL, Reith ME.
Department of Biomedical and Therapeutic Sciences, University of Illinois College
of Medicine, Box 1649, Peoria, IL 61656-1649, USA.
It is known that arachidonic acid, in addition to promoting release of dopamine, can
inhibit its transport. The present study provides preliminary information on
structure-activity relationships for uptake inhibition by rotating disk voltammetry in
human embryonic kidney-293 cells expressing the human dopamine transporter.
Except for anandamide, all other fatty acids studied at a pretreatment concentration
of 80 microM caused significant reductions in Vmax but not Km. Increasing
saturation of the hydrocarbon tails (partial saturation: oleic acid, linoleic acid; full
saturation: arachidic acid, stearic acid, stearic acid ethyl ester) removed inhibitory
activity incrementally, suggesting a role for cis-unsaturation (folding/bending of
hydrocarbon tails). The relative lack of effect of 5,8,11,14-eicosatetraynoic acid
also supports the idea that less linear structures are less inhibitory on dopamine
uptake. Esterification of the free carboxylic group (arachidonic acid ethyl ester)
prevented most of the inhibitory activity, arguing against mere membrane lipid
disruption. Finally, the endogenous cannabinoid anandamide greatly reduced uptake
Vmax accompanied by a small decrease in Km, a potentially important effect on
dopaminergic neurotransmission.
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Intracerebroventricular infusion of CRF increases extracellular
concentrations of norepinephrine in the hippocampus and cortex as
determined by in vivo voltammetry
Zhang JJ, Swiergiel AH, Palamarchouk VS, Dunn AJ.
Department of Pharmacology and Therapeutics, Louisiana State University Medical
Center, Shreveport 71130-3932, USA.
Previous studies have indicated that intracerebroventricular (i.c.v.) infusions of
corticotropin-releasing factor (CRF) activate locus coeruleus (LC) noradrenergic
neurons and increase the metabolism and extracellular concentrations of
norepinephrine (NE) in several brain regions, suggesting increased release. To
examine the temporal aspects and mechanism of the presumed release of NE, CRF
was infused i.c.v. and the oxidation current was recorded using carbon fiber
voltammetric electrodes placed in rat hippocampus or cortex. The CRF (1 microg,
i.c.v.) caused a significant increase of oxidation current with a delay of
approximately 5 min, and a peak at approximately 35 min. Similar responses were
observed in the medial prefrontal cortex. The hippocampal response was markedly
attenuated when CRF was infused into rats pretreated with DSP-4 to deplete NE,
suggesting that the observed changes in current resulted from oxidation of NE. The
increase of NE-like current did not occur when 25 microg alpha-helical CRF9-41
(ahCRF) was injected immediately before 1 microg CRF, suggesting that the
response was mediated by cerebral CRF-receptors. Subcutaneous pretreatment with
the ganglionic blocker, chlorisondamine, at a dose of 3 mg/kg had no effect on the
voltammetric response to CRF, but a 6 mg/kg dose completely prevented the
response. The beta-adrenoceptor antagonists, S-propranolol (5 mg/kg), nadolol (5
and 10 mg/kg), and timolol (5 mg/kg) attenuated the NE response to i.c.v. CRF to
varying degrees. When chlorisondamine (3 microg) or nadolol (5 microg) were
given i.c.v. before the CRF, the hippocampal responses were not blocked. These
results suggest peripheral actions of ganglionic and beta-adrenergic blockers. We
conclude that peripheral autonomic mechanisms, and probably both central and
peripheral beta-adrenoceptors, contribute to the increased secretion of hippocampal
NE in response to i.c.v. CRF.
PMID: 9865861 [PubMed - indexed for MEDLINE
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Mechanistic and comparative studies of melatonin and classic antioxidants
in terms of their interactions with the ABTS cation radical
Tan DX, Hardeland R, Manchester LC, Poeggeler B, Lopez-Burillo S, Mayo
JC, Sainz RM, Reiter RJ.
Department of Cellular and Structural Biology, The University of Texas Health
Science Center at San Antonio, San Antonio, TX 78229-3900, USA.
Melatonin and classic antioxidants possess the capacity to scavenge ABTSb+ with
IC50s of 4, 11, 15.5, 15.5, 17 and 21 microm for melatonin, glutathione, vitamin C,
trolox, NADH and NADPH, respectively. In terms of scavenging ABTSb+,
melatonin exhibits a different profile than that of the classic antioxidants. Classic
antioxidants scavenge one or less ABTSb+, while each melatonin molecule can
scavenge more than one ABTSb+, probably with a maximum of four. Classic
antioxidants do not synergize when combined in terms of scavenging ABTSb+.
However, a synergistic action is observed when melatonin is combined with any of
the classic antioxidants. Cyclic voltammetry indicates that melatonin donates an
electron at the potential of 715 mV. The scavenging mechanism of melatonin on
ABTSb+ may involve multiple-electron donations via intermediates through a
stepwise process. Intermediates including the melatoninyl cation radical, the
melatoninyl neutral radical and cyclic 3-hydroxymelatonin (cyclic 3-OHM) and N1acetyl-N2-formyl-5-methoxykynuramine (AFMK) seem to participate in these
reactions. More interestingly, the pH of the solution dramatically modifies the
ABTSb+ scavenging capacity of melatonin while pH changes have no measurable
influence on the scavenging activity of classic antioxidants. An acidic pH markedly
reduces the ABTSb+ scavenging capacity of melatonin while an increased pH
promotes the interaction of melatonin and ABTSb+. The major melatonin
metabolites that develop when melatonin interacts with ABTSb+ are cyclic 3-OHM
and AFMK. Cyclic 3-OHM is the intermediate between melatonin and AFMK, and
cyclic 3-OHM also has the ability to scavenge ABTSb+. Melatonin and the
metabolites which are generated via the interaction of melatonin with ABTSb+, i.e.
the melatoninyl cation radical, melatoninyl neutral radical and cyclic 3-OHM, all
scavenge ABTSb+. This unique cascade action of melatonin, in terms of
scavenging, increases its efficiency to neutralized ABTSb+; this contrasts with the
effects of the classic antioxidants.
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N1-acetyl-N2-formyl-5-methoxykynuramine, a biogenic amine and
melatonin metabolite, functions as a potent antioxidant.
Tan DX, Manchester LC, Burkhardt S, Sainz RM, Mayo JC, Kohen R,
Shohami E, Huo YS, Hardeland R, Reiter RJ.
Department of Cellular and Structural Biology, University of Texas Health Science
Center, San Antonio, Texas 78229-3900, USA.
The biogenic amine The biogenic amine N1-acetyl-N2-formyl-5methoxykynuramine (AFMK) was investigated for its potential antioxidative
capacity. AFMK is a metabolite generated through either an enzymatic or a
chemical reaction pathway from melatonin. The physiological function of AFMK
remains unknown. To our knowledge, this report is the first to document the potent
antioxidant action of this biogenic amine. Cyclic voltammetry (CV) shows that
AFMK donates two electrons at potentials of 456 mV and 668 mV, and therefore it
functions as a reductive force. This function contrasts with all other physiological
antioxidants that donate a single electron only when they neutralize free radicals.
AFMK reduced 8-hydroxydeoxyguanosine formation induced by the incubation of
DNA with oxidants significantly. Lipid peroxidation resulting from free radical
damage to rat liver homogenates was also prevented by the addition of AFMK. The
inhibitory effects of AFMK on both DNA and lipid damage appear to be doseresponse related. In cell culture, AFMK efficiently reduced hippocampal neuronal
death induced by either hydrogen peroxide, glutamate, or amyloid b25-35 peptide.
AFMK is a naturally occurring molecule with potent free radical scavenging
capacity (donating two electrons/molecule) and thus may be a valuable new
antioxidant for preventing and treating free radical-related disorders.
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Quantitative analysis of the response of an electrochemical biosensor for
progesterone in milk
Xu YF, Velasco-Garcia M, Mottram TT.
Silsoe Research Institute, Bedfordshire MK45 4HS, UK. yongfu.xu@bbsrc.ac.uk
An electrochemical biosensor for progesterone in cow's milk was developed and
used in a competitive immunoassay by Hart et al. (1977, Studies towards a
disposable screenprinted amperometric biosensor for progesterone, Biosens.
Bioelectron. 12, 1113-1121). The sensor was fabricated by depositing antiprogesterone monoclonal antibody (mAb) onto screen-printed carbon electrodes
(SPCEs) which were coated with rabbit anti-sheep IgG (rIgG). This sensor was
operated following the steps of competitive binding between sample and conjugate
(alkaline-phosphatase-labelled progesterone) for the immobilised mAb sites and
measurements of an amperometric signal in the presence of p-nitrophenylphosphate
using either colorimetric assays or cyclic voltammetry. The hook effect of the
progesterone biosensor was found in the concentration range of milk progesterone
between 0 and 5 ng/ml when the sensor was fabricated using a loading of 25 ng
rIgG per electrode of a diameter of 3 mm and a 1/50 dilution of mAb. A computer
model has been developed in this study to simulate the operation of this
progesterone biosensor with consideration of the fabrication processes. This paper
presents the results of validating the computer model and the model has predicted
the hook effect as observed in tests. The model thus reveals that the hook effect is
determined by the total number of binding sites available and the rates of labelled
and unlabelled progesterone diffusing towards the sensor surface and the binding
rates.
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Quantitative evaluation of oxidative stress, chronic inflammatory indices
and leptin in cancer patients: correlation with stage and performance
status.
Mantovani G, Macciò A, Madeddu C, Mura L, Gramignano G, Lusso MR,
Mulas C, Mudu MC, Murgia V, Camboni P, Massa E, Ferreli L, Contu P,
Rinaldi A, Sanjust E, Atzei D, Elsener B.
Department of Medical Oncology, University of Cagliari, Cagliari, Italy.
mantovan@pacs.unica.it
In advanced cancer patients, the oxidative stress could take place either at the onset
of disease or as a function of disease progression. To test this hypothesis, the
following parameters were investigated: the erythrocyte activity of the enzymes
superoxide dismutase (SOD) and glutathione peroxidase (GPx), the serum activity
of glutathione reductase (GR) and the serum total antioxidant status (TAS). The
total antioxidant capacity of plasma LMWA was evaluated by the cyclic
voltammetry methodology. We further determined the serum levels of
proinflammatory cytokines (IL-6 and TNFalpha), IL-2, leptin and C-reactive protein
(CRP). All of these parameters have been correlated with the most important
clinical indices of patients such as Stage of disease, ECOG PS and clinical response.
Eighty-two advanced stage cancer patients and 36 healthy individuals used as
controls were included in the study. Our findings show that SOD activity was
significantly higher in cancer patients than in controls and GPx activity was
significantly lower in cancer patients than in controls. Serum values of IL-6,
TNFalpha and CRP were significantly higher in patients than in controls. Serum
leptin values of cancer patients were significantly lower than controls. SOD activity
increased significantly from Stage II/ECOG 0-1 to Stage IV/ECOG 0-1, whereas it
decreased significantly in Stage IV/ECOG 3. GPx activity decreased significantly in
Stage IV/ECOG 2-3. An inverse correlation between ECOG PS and serum leptin
levels was found. Serum levels of IL-2 decreased from Stage II/ECOG 0-1 to Stage
IV/ECOG 2-3. A direct correlation between Stage/ECOG PS and serum levels of
both IL-6 and CRP was observed. Cisplatin administration induced a significant
increase of GPx after 24 hr. In conclusion, this is the first study that shows that
several "biological" parameters of cancer patients such as antioxidant enzyme
activity, cytokines, leptin and CRP strictly correlate with the most important clinical
parameters of disease such as Stage and ECOG PS. Copyright 2001 Wiley-Liss, Inc.
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Sodium depletion and aldosterone decrease dopamine transporter activity
in nucleus accumbens but not striatum
Roitman MF, Patterson TA, Sakai RR, Bernstein IL, Figlewicz DP.
Program in Neurobiology and Behavior, University of Washington, Seattle,
Washington 98195, USA. roitman@u.washington.edu
Motivated behaviors, including sodium (Na) appetite, are correlated with increased
dopamine (DA) transmission in the nucleus accumbens (NAc). DA transporter
(DAT) modulation affects DA transmission and may play a role in motivated
behaviors. In vivo Na depletion, which reliably induces Na appetite, was correlated
with robust decreases in DA uptake via the DAT in the rat NAc with rotating disk
electrode voltammetry [1,277 +/- 162 vs. 575 +/- 89 pmol. s-1. g-1; Vmax of
transport for control vs. Na-depleted tissue]. Plasma aldosterone (Aldo) levels
increase after in vivo Na depletion and contribute to Na appetite. Decreased DAT
activity in the NAc was observed after in vitro Aldo treatment (428 +/- 28 vs. 300
+/- 25 pmol. s-1. g-1). Neither treatment affected DAT activity in the striatum.
These results suggest that a direct action of Aldo is one possible mechanism by
which Na depletion induces a reduction in DAT activity in the NAc. Reduced DAT
activity may play a role in generating increased NAc DA transmission during Na
appetite, which may underlie the motivating properties of Na for the Na-depleted
rat.
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Synthesis, pharmacological evaluation and electrochemical studies of novel
6-nitro-3,4-methylenedioxyphenyl-N-acylhydrazone derivatives: Discovery
of LASSBio-881, a new ligand of cannabinoid receptors.
Duarte CD, Tributino JL, Lacerda DI, Martins MV, Alexandre-Moreira MS,
Dutra F, Bechara EJ, De-Paula FS, Goulart MO, Ferreira J, Calixto JB, Nunes
MP, Bertho AL, Miranda AL, Barreiro EJ, Fraga CA.
LASSBio--Laboratório de Avaliação e Síntese de Substâncias Bioativas, Faculdade
de Farmácia, Universidade Federal do Rio de Janeiro, PO Box 68006, 21944-971,
Rio de Janeiro, RJ, Brazil.
We describe herein the discovery of LASSBio-881 (3c) as a novel in vivo
antinociceptive, anti-inflammatory, and in vitro antiproliferative and antioxidant
compound, with a cannabinoid ligand profile. We observed that LASSBio-881 (3c)
was able to bind to CB1 receptors (71% at 100microM) and also to inhibit T-cell
proliferation (66% at 10microM) probably by binding to CB2 receptors, in a nonproapoptotic manner, different from anandamide (1). It was also demonstrated that
LASSBio-881 (3c) had an important antioxidant profile toward free radicals (DPPH
and hydroxyl), probably due to its particular redox behavior, which reflects the
presence of both nitro and 3,5-di-tert-butyl-4-hydroxyphenyl sub-units, as
demonstrated by cyclic voltammetry studies. In addition, we showed that these
structural sub-units are essential for the observed pharmacological activity.
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The influence of cetyltrimethyl ammonium bromide on electrochemical
properties of thyroxine reduction at carbon nanotubes modified electrode
Wang F, Fei J, Hu S.
Department of Chemistry, Wuhan University, Wuhan 430072, PR China.
The effect of cetyltrimethyl ammonium bromide (CTAB) on the electrochemical
behaviors of thyroxine at a glassy carbon electrode (GCE) modified with singlewalled carbon nanotubes (SWNTs) was investigated. At the SWNTs film-coated
GCE, a well-defined oxidation peak of thyroxine at 0.78 V was obtained, but the
reduction peak of thyroxine was indiscernible. When trace CTAB was added to the
working solution, the reduction current could be greatly enhanced and the oxidation
current remained stable. The reaction mechanisms for the reduction of thyroxine
were explored by chronocoulometry. Thyroxine might form particular ion complex
with CTAB via the interaction between iodine atoms on thyroxine and bromide ions
in CTAB, which made the concentration of thyroxine at the surface of the modified
electrode increased and the electron transfer rate enhanced. The proper mechanisms
for the enhanced reduction of thyroxine in the present of CTAB were explored by
several electrochemical techniques including cycle voltammetry linear sweep
voltammetry and others. It was concluded that the special interactions between the
thyroxine CTAB and SWNTs resulted in the increase of the reduction peak current.
All results indicated that two iodine atoms on the thyroxine and four electrons were
involved the reduction process which was irreversible and two iodine ions
produced. In this system, the sensitive reduction peak of thyroxine at 0.3 V was
employed to determine thyroxine and a low detection limit of 2x10(-8) mol/L was
obtained for 2 min accumulation at 0.9 V. The SWNTs coated GCE had good
stability and reproducibility.
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Tyrosine side chains as an electrochemical probe of stacked betasheet protein conformations.
Loksztejn A, Dzwolak W, Krysiński P.
Faculty of Chemistry, Warsaw University, Pasteura 1, 02-093, Warsaw, Poland.
The in vivo formation of beta-pleated protein aggregates underlies a number of fatal
neurodegenerative disorders, such as Alzheimer disease. Since molecular
mechanisms of protein misfolding and aggregation remain poorly understood, this
has been calling for many diverse biophysical tools capable of addressing different
dynamic and conformational aspects of the phenomenon. The two model
polypeptides used in this study are poly(l-tyrosine) and insulin. According to FT-IR
spectra, poly(l-tyrosine) produced two distinct types of films with dominant either
disordered or antiparallel beta-sheet conformations depending on carrier solvent
used for film's deposition. Electrochemical analysis of both the types of polypeptide
films by the means of cyclic voltammetry and differential pulse voltammetry proved
that different electrochemical behaviour of the tyrosine residues is determined by
the conformation of polypeptide chains. We have rationalized this difference in
terms of varying electrochemical accessibility of Tyr residues in each structure. We
have also carried out spectral and electrochemical characterization of insulin betasheet-rich amyloid fibrils. It appears that the detectable electrochemical response of
the protein stems from the presence of four tyrosine residues per insulin monomer.
Since hydrophobic residues, among them tyrosines play an important role in the
formation of protein amyloid fibrils, but, on a molecular level, may be also critical
in explaining neurotoxic properties of aggregates, their electrochemical properties
may become a very valuable complementary tool in biophysical studies on protein
misfolding.
PMID:

17...

[PubMed - indexed for MEDLINE]

Bioelectrochemistry. 2007 May;70(2):263-8. Epub 2006 Oct 10.

Voltammetric determination of ethinylestradiol at a carbon paste electrode
in the presence of cetyl pyridine bromine
Li C.
College of Chemistry and Materials Science, South-Central University for
Nationalities, Wuhan 430074, China. lcychem@yahoo.com
<lcychem@yahoo.com>
Electrochemical behaviors of ethinylestradiol at a carbon paste electrode (CPE) in
the presence of cetyl pyridine bromide (CPB) are investigated by electrochemical
techniques. Compared with that at a CPE without CPB, the oxidation peak potential
of ethinylestradiol shifts negatively and the peak current is increased significantly,
due to the enhanced accumulation of ethinylestradiol via electrostatic interaction
with CPB at the hydrophobic electrode surface. It is verified by the influences of
different kinds of surfactants on the electrochemical signals of ethinylestradiol.
Some parameters such as pH, scan rate, accumulation potential and accumulation
time on the oxidation of ethinylestradiol are optimized. Under optimal conditions,
the oxidation peak current is proportional to ethinylestradiol concentration in the
range of 5.0 x 10(-8) to 2.0 x 10(-5) mol L(-1) with a detection limit of 3.0 x 10(-8)
mol L(-1) for 150 s accumulation by linear sweep voltammetry (LSV). The
proposed procedure is successfully applied to determine ethinylestradiol in
pharmaceutical formulation (Levonorgestrel and Etinylestradiol tablets) and the
results are satisfying compared with that of high-performance liquid
chromatography (HPLC).
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Voltammetric investigation of beta-estradiol
Salci B, Biryol I.
Ministry of Agriculture, P.K. 36 Yenimahalle 06 170, Ankara, Turkey.
Electrooxidation of beta-estradiol was investigated using a glassy carbon electrode
(GCE) by cyclic voltammetry (CV), and differential pulse voltammetry (DPV). The
statistical analysis of the linear relationships between concentration and peak
current permits the quantitation of beta-estradiol by both CV and DPV in the
concentration range of 4 x 10(-5)-10(-3) M with enough precision and accuracy. A
mechanism was proposed about the electrooxidation of this substance. The methods
were applied to a tablet form and a transdermal therapeutic system (TTS) of this
drug. The results were statistically compared with those of official high
performance liquid chromatography (HPLC) method and the differences were found
as insignificant.
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Electrochemical impedance spectroscopy for the study of juvenile
hormones-recombinant protein interactions.
Stobiecka A, Dvornyk A, Grzelak K, Radecka H.
Institute of Animal Reproduction and Food Research, Polish Academy of Sciences,
Tuwima 10, 10-747 Olsztyn, Poland.
The interactions of recombinant juvenile hormone binding protein (His8-rJHBP)
with juvenile hormones (JHs), methoprene and farnesol have been studied with
electrochemical impedance spectroscopy (EIS). The protein was immobilized on the
dodecanethiol (DDT) modified gold electrodes. Each step of electrode modification
has been confirmed with cyclic voltammetry (CV) and electrochemical impedance
spectroscopy (EIS). The conformation changes of His8-rJHBP upon JHs and
methoprene binding have been presented. The EIS determined association constants
in the JHs analogs-immobilized His8-rJHBP system indicate that lack of the
epoxide moiety in methoprene molecule is not critical for observed high affinity of
this compound to the binding region of the His8-rJHBP protein.
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A DEVICE FOR TESTING THE TRIVECTOR ELECTRICAL SIGNATURE OF HOMEOPATHIC ITEMS
By Eclosion Kft, Budapest, licensed to SCIO International, Romania

Description of Device:
Thus device is designed to capture a polographic or voltammetric electrical signature pattern of a liquid
compound. Electro chemical analysis of compounds is a tried and tested method of analysis. A review article is
contained in the appendix.
The International Journal of the Medical Science of Homeopathy has published a series of articles on this
technique. First the early process of analysis was heralded in 1997, and later reviewed in the 2005 volume. Copies of
these articles are in the appendix.
The device uses a set of electrodes made of different metals. The different metals invoke an electropotential. This variant electro potentials will vary the displaced electrons to reflect the electro potential variations to
reflect the substance changes.
The device will send a low level variant current thru a substance to be tested. The changes in the potential
are then measured thru this scale. A second pass will vary voltage and measure current variations.
Changes in the magnetic or inductance field will be measured. And changes in the dielectric or static field
will be reflected in the measurement.
Thus an electro-magnetic-static picture will evolve from the test. Thus three dimensional reflection of the
liquid crystal structure of the substance will be measured. This three dimensional field is termed the Trivector
(trademarked).
The Trivector field reflects the electro-signature of any item tested.

QQC Description

APPARATUS FOR VOLTAMMETRIC ANALYSIS The invention relates to apparatus for voltammetric analysis.
Voltammetric analysis is a widely used electroanalytical technique. The art of this technique has been well described
in many publications [1,2]. Voltammetric analysis can be carried out using various waveforms, for example, linear,
pulse, square and AC or using various operation modes, for example cyclic voltammetry and stripping voltammetry
[3].
Many inventors have disclosed specific devices and methods for voltammetric analysis. Girault [4] showed a device
for change of electrodes. Fidler et al [5] disclosed a circuit to maintain a stable potential difference between the
working and the reference electrodes. Tur Yan et al [6] used a special cell to detect trace metals using stripping
voltammetry.
Saloheimo et al [7] introduced ultrasonic vibration during pre-electrolysis in stripping voltammetry. Other researchers
have designed special electrodes for anodic stripping voltammetry [8-10].
Kissinger [11] predicted the future of electroanalytical instrumentation as being computerization, miniaturization and
automation. Computers have been used to collect electrochemical signals [12], to acquire data and control
experiments [13] and to modify waveforms [14]. Computerised voltammetric instruments are now commercially
available from many instrument manufacturers.
However, computerised voltammetric instruments are generally large in size and costly. Small polarographic or
voltammetric analysers are available for specific analytes, such as aldehyde [15] and lead [16]. Multi-element
analysis using this type of equipment can be achieved by using multichannel selection [17] or multi-electrodes [18].
However, the number of elements that can be analysed is physically limited.
In addition, the process of voltammetric analysis often involves many decision making steps. Although computerised
voltammeters can run analysis automatically it is still necessary for the supporting electrolytes, calibration standards
and experimental conditions, such as initial potential, final potential, scan rate and current range, to be chosen by an
operator before the analysis commences. During analysis, voltammograms with peak currents or peak areas need to
be acquired, and after analysis, the data requires processing and the results reported. These decision making steps
require trained personnel with knowledge and experience.
Although they can be simplified into a computer program as demonstrated by De kreuk et al [19] in an automatic
stripping voltammetric method, as indicated by some researchers [20], automation of voltammetric instrument is a
more complicated task than that of other electroanalytical techniques. Hence, automation is often at the level of
operation rather than the decision making process.
Therefore, even computerised and highly automated systems still require skilled and experienced personnel to
operate them.
In addition, conventional electrodes for voltammetry have the problem that it is difficult to ensure good electrical
contact between the electrode and the electrical wire coupling the electrode to the analysing equipment. In particular,
with some types of electrode, such as glassy carbon, it is not possible to solder the electrical wire to the electrode.
Accordingly, conventional methods of electrically contacting the wire to the electrode include using mercury to bond
the wire to the electrode or using conductive glue. Mercury has the disadvantage that it is toxic and the conductive
glue has the disadvantage that it is not easy to disconnect the conductor from the electrodes.
In accordance with a first aspect of the present invention, apparatus for voltammetric analysis comprises a processor;
a first memory device coupled to the processor, the first memory device comprising a programmable read only
memory and storing a number of electrochemical cell control programs; an output device coupled to the processor;
an input device coupled to the processor; a second memory device coupled to the processor; an electrochemical cell
controller coupled to the processor, the cell controller being adapted to be coupled to an electrochemical cell; the

processing device, in response to an analyte input signal entered via the input device, retrieving a corresponding
electrochemical cell control program, and instructing the cell controller to apply a scanning voltage to an
electrochemical cell coupled to the cell controller in use, in accordance with the retrieved control program, and
processing output signals received by the cell controller from the electrochemical cell, in response to the applied
scanning voltage, to obtain an indication of the concentration of an analyte, corresponding to the analyte input signal,
in the electrochemical cell, and outputting the indication to the output device.
Preferably, the programmable read only memory is an electrically erasable programmable read only memory
(EEPROM).
Preferably, the output device comprises a display device, such as a liquid crystal display (LCD). However,
alternatively or in addition, the output device may comprise an interface device which permits the processor to
communicate with another processing device, such as a computer, or with a storage device, such as a magnetic disk
or tape drive.
Preferably, the cell controller includes a potentiostat and a signal processor.
Preferably, the apparatus is for stripping voltammetric analysis of an analyte in an electrochemical cell.
In accordance with a second aspect of the present invention, an electrochemical cell comprises a container
comprising a bottom portion, an upper portion and an opening to permit a liquid to be analysed to be introduced into
the container; a stirring device depending from the upper portion into the bottom portion of the container; and a
counter electrode and a working electrode depending from the upper portion into the bottom portion of the container.
Preferably, the axis of rotation of the stirring device is substantially co-axial with the central vertical axis of the
container and the counter and working electrodes are arranged around the stirring device.
Typically, the upper portion of the container, may be separated from the bottom portion of the container to permit
liquid to be inserted into the container prior to engagement of the upper portion with the bottom portion.
Typically, the bottom portion may be in the form of a jar or other liquid containing device and the upper portion may
form a lid for the jar or containing device.
Preferably, the electrochemical cell further comprises a reference electrode which also depends from the upper
portion of the container such that the reference electrode is adjacent the stirring device and located between the
counter and the working electrodes.
Preferably, the electrochemical cell is adapted to be used with the apparatus in accordance with the first aspect of the
invention.
In accordance with a third aspect of the present invention, a coupling device for electrically coupling a conductor to an
electrode for an electric chemical cell comprises a first conducting member; a second conducting member, electrically
coupled and movably coupled to the first conducting member; and a biasing device to bias the first and the second
member away from each other; the first conducting member being adapted to be coupled to an electrical conductor
and the second member having an engagement portion adapted to engage with and electrically couple the second
member an electrode for an electrochemical cell.
Preferably, one of the first and the second members is slidably located within the other of the first and the second
members such that the engagement portion of the second portion is biassed away from the first member by the
biasing device.
Typically, the second member is slidably located within the first member.
Preferably, the engagement surface of the second member is of a material which provides a low electrical contact
resistance with the material of the electrode with which the engagement surface is to be engaged. For example, the
material of the engagement portion may be a material which is harder than the material of the electrode, such as
titanium or iridium, or a material which has a low susceptibility to oxidation, such as gold.

Typically, the first member may include an aperture in the first member adapted to receive a generally cylindrical
electrically conducting member such that the conducting member when inserted into the aperture is electrically
coupled to the first member.
An example of apparatus for voltammetric analysis in accordance with the invention will now be described with
reference to the accompanying drawings, in which:- Figure 1 is a schematic diagram of apparatus for voltammetric
analysis; Figure 2 is a side view of an electrochemical cell for use in the apparatus of Figure 1; Figure 3 is a crosssectional view of an upper portion of the electrochemical cell shown in Figure 2; Figure 4 is a front view of the upper
portion shown in Figure 3; Figure 5 is a cross-sectional view of an electrode for use in the cell shown in Figures 2 to
4; Figure 6 shows the apparatus of Figure 1 incorporated into a handheld voltammetric analyser; Figure 7 shows the
apparatus of Figure 1 incorporated into an on-line voltammetric analyser; Figure 8 is a flow diagram illustrating the
operation of a diagnostic program for use with the apparatus shown in Figures 1,6 and 7; and, Figure 9 is a graph
showing calibration results and test results obtained using the analyser shown in Figure 6.
Figure 1 is a block diagram of voltammetric analysis apparatus 1 which includes a microprocessor 2, an electrically
erasable programmable read only memory (EEPROM) 3, a display device 4 such as a liquid crystal display device, a
memory device 5 which may be a random access memory (RAM), an interface device 6 such as an RS 232, a
potentiostat 7, a cell controller 8, a signal processor 9, and an input device, such as a keypad 10.
The cell controller 8 is adapted to be coupled to an electrochemical cell 11 which is generally in the form of a
container with electrodes 14,15,16 and a stirrer 17. An example of an electrochemical cell 11 suitable for use with the
apparatus shown in Figure 1 is shown in more detail in Figures 2 to 4.
The interface device 6 permits the apparatus 1 to be linked to a computer, for example, to permit programming of the
EEPROM 3 or to permit downloading of the memory 5 to a more permanent storage device in the form of for
example, magnetic media such as a magnetic disk or tape.
The potentiostat 7 is coupled to the microprocessor 2 and generates a scanning potential which is modified with
various waveforms such as DC, AC, square wave or differential pulse, in accordance with a chosen program
downloaded from the EEPROM 3 to the microprocessor 2.
The cell controller 8 is coupled to the microprocessor 2 and contains a group of switches. According to the chosen
program it will switch on or off the electrochemical cell 11 to allow potential generated by the potentiostat 7 to be
applied to the electrodes 14,15,16 and to allow signals detected by the electrodes 14,15,16 to be received by the
signal processor 9. It also turns on and off the stirrer 17.
The signal processor 9 is coupled to the microprocessor 2. In accordance with the chosen program it will receive
signals from the cell 11, process the signals, convert them into digital information, and pass them to the
microprocessor 2 to be stored by the microprocessor 2 in the memory 5.
As shown in Figure 2, the electrochemical cell 11 includes a container comprising a vessel 12 and an electrode
holder 13 in the form of a lid for the vessel 12. The lid 13 supports a working electrode 14, a reference electrode 15
and a counter electrode 16 as well as the stirring device 17. The stirring device 17 comprises an electric motor 18
mounted on top of the lid 13, a drive shaft 19 extending through the lid 13 into the vessel 12 and a rotor 20 located at
the end of the drive shaft 19 and adjacent to lower ends of the electrodes 14,15,16.
Typically, the stirrer 17 is a 0.1W stirrer and the vessel 12 is a glass bottle with a volume of approximately 20ml. The
working electrode 14 may be a 3mm diameter disc glassy carbon electrode, the counter electrode 16 may be a 3mm
x 3mm platinum electrode and the reference electrode 15 may be a Ag/AgCl electrode.
The reference electrode 15 has a conventional reference electrode construction. A cross-sectional view of the
electrode construction for the working and counter electrodes 14,16 is shown in Figure 5. As shown in Figure 5, each
of the electrodes 14,16 comprise an electrode sensing material 50 held in an electrode body 51. In the electrodes
14,16 the sensing material 50 is glassy carbon and platinum, respectively. The body 51 encloses a coupling device
which comprises an outer casing 52, a contact pin 53 slidably mounted within the casing 52 and a biassing device 54
within the casing 52. The biassing device 54 acts to bias the pin 53 to an extended position in which a contact point
55 of the pin 53 is biassed against the sensing material 50 to make electrical contact with the sensing material 50.
The pin 53, biassing device 54 and casing 52 are all electrically conducting and the end of the casing 52, opposite to

the end from which the pin 53 extends, is electrically coupled to a wire 56 which couples the sensing material 50 to
the controller 8.
In order to ensure a good electrical contact between the contact point 55 and the sensing material 50, the pin 53, or
at least the contact point 55, is formed from a material which is harder than the sensing material 50. This helps
ensure a good electrical contact as the contact point 55"bites"into the sensing material 50. For example, the pin 53
could be manufactured from titanium or iridium.
The lid 13 of the cell 11 is shown in more detail in Figure 3 which shows a cross-sectional view of the lid 13 and
Figure 4 which shows a top view of the lid 13. The lid includes a central through bore 21 through which the drive shaft
19 extends and four side through bores 22,23,24,25. The working electrode 14 extends through the bore 23, the
reference electrode 15 extends through the bore 24 and the counter electrode 16 extends through the bore 25. The
bore 22 is left empty and may be used for introduction of analyte and/or electrolyte into the vessel 12.
Due to the relative simplicity of the apparatus 1, the apparatus can be incorporated into a relatively small handheld
analyser 30 as shown in Figure 6. The typical dimensions of the handheld analyser 30 are 40mm x 100mm x 200mm
and the overall weight is typically approximately 0.5kg.
The handheld voltammetric analyser 30 incorporates the apparatus shown in Figure 1 with the exception of the
electrochemical cell 11. In particular, the handheld voltammetric analyser 30 includes the LCD display 4, the keypad
10, the communication interface 6 and a port 31 which permits the analyser 30 be connected to an external power
supply.
However, as an alternative to, or in addition to, the external power supply, the handheld analyser 30 may be powered
by an internal battery, such as any form of suitable conventional rechargeable battery. Typically, the battery may be
recharged by the external power supply via the port 31 when necessary.
The remainder of the components, including the microprocessor 2, the EEPROM 3, the RAM 5, the potentiostat 7, the
cell controller 8 and the signal processor 9 are contained within the housing of the analyser 30.
The handheld analyser 30 also has a communication port 33 which is coupled to the electrochemical cell 11 in use
and is coupled internally to the cell controller 8. This permits the cell controller 8 to control the scanning voltage
applied to the electrochemical cell and to receive the output signals from the electrochemical cell in response to the
applied scanning voltage. In addition, the handheld analyser 30 may optionally be connected through the interface 6
to a remote computer, for example, to transfer data to the remote computer and/or to be remotely controlled by the
remote computer.
In addition, the apparatus shown in Figure 1 can be incorporated into an on-line voltammetric analyser 60 as shown
in Figure 7. The on-line analyser 60 is coupled via the interface 6, local controller 34 and interface 35, to a remote
computer 36 which is used to remotely control the analyser 60.
The analyser 60 and the local controller 34 are powered by a power supply 32 which may be battery operated or
powered by a mains power supply 37. In the analyser 60, the key board 10 is omitted, as instructions may be entered
into the analyser 60 via the remote computer 36. However, apart from the omission of the key board 10, the analyser
60 is identical to the handheld analyser 30, described above and shown in Figure 6. The on-line analyser 60 is
coupled via cable 61 and connection port 33 to the electrochemical cell 11 and to metering pumps 62,63,64,65,66
which can be operated to pump liquid from reagent reservoirs 67,68,69, a sampling valve 70 and a rinsing water
valve 71, respectively into the electrochemical cell 11. In addition, a vent valve 72 in the electrochemical cell 11 can
also be controlled by the remote computer 36 or by local controller 34.
The liquid containing the sample to be analysed is connected to the sampling valve 70, clean water is connected to
the rinsing valve 71 and standard reagents are stored in the reagent reservoirs 67,68,69. The vent valve 72 is used to
empty the electrochemical cell 11 of liquid.
In use, the handheld analyser 30 and the on-line analyser 60 are set up by programming into the EEPROM 3 digital
information corresponding to the configuration of the electrochemical cell 11 to be used with the analyser 30,60.

Such information includes details of the working electrode, reference electrode, stirrer and vessel. For example,
typical information may be that the cell contains a 3mm diameter disc glassy carbon electrode, a 3mm by 3mm
platinum counter electrode, a Ag/AgCl reference electrode, a O. 1W stirrer, a 20ml vessel and an electrode holder to
fix each electrode position.
The second step is to formulate a reagent with a known composition as a testing media and convert it into digital
information. The formulated reagent will contain a standard analyte, a buffer, a masking agent, a supporting
electrolyte, a preservative and a performance enhancer. The standard analyte with known concentration is used to
calibrate the cell 11. The concentration range is typically from lppb to 1000ppm. The buffer is used to control pH and
usually contains a salt and an acid or a base. The masking agent is used to reduce interference from samples, which
may be a complex agent, an organic solvent, a precipitation agent, a redox agent, a salt, etc. The supporting
electrolyte is an ionic compound to provide conductivity. The preservative prolongs shelf life of the reagent. The
performance enhancer can increase selectivity and sensitivity of the reagent.
A voltammetric analysis is then performed under fixed experimental conditions such as scan waveform, initial
potential, scan rate, final potential, current range, etc.
This arrangement makes a voltammetric response position (potential) easily identifiable. The conditions can be
obtained according to published papers, previous experience and expert knowledge. All data is converted into digital
information.
Voltammetric response is searched for automatically by the analyser 30,60. The voltammetric response potential is
determined for the highest current reading in a certain time period while voltammetric response current is calculated
by subtracting background current from current reading. This procedure is programmed into the EEPROM 3.
System testing is then performed using the standard reagent.
As cell configuration, testing media and experimental conditions are fixed, voltammetric response to the analyte in the
testing media should be a constant. Any significant changes of response potential or current will indicate system
errors such as reference electrode failure or working electrode fouling. The purpose of the system testing step is to
find and display these errors by comparing measured values with pre-set values. This procedure is programmed into
the EEPROM 3.
The electrodes are then calibrated automatically.
Voltammetric analysis of the standard reagent is carried out in the testing media. The response potential and current
is stored. This procedure makes sure that the electrodes are calibrated just before sample analysis so that the
electrode surface condition remains unchanged. This calibration procedure is programmed into the EEPROM 3.
A test sample is then analysed. This is performed by voltammetric analysis of a test sample by mixing a known
volume of the test sample with a known volume of the standard reagent. The response potential and current is
compared with stored response for the standard reagent and the result is calculated and reported. This procedure is
also programmed into the EEPROM 3.
The EEPROM 3 also includes a diagnostic program which is illustrated schematically in the flow diagram shown in
Figure 8. In particular, the diagnostic program checks 70 the results of the analysis to ensure that a peak current is
detected in the voltammetric analysis. If the peak current is not detected, the microprocessor displays 71 an error
message in the LCD 4 and stops 72 the analysis. The diagnostic program also uses the reference potential value
range stored in the data in the EEPROM 3 and compares this with the peak current response at maximum intensity to
check 73 the reference electrode status. If the reference potential value is out of range, the analyser outputs 74 an
error message to the operator and stops 75 the analysis. The diagnostic program also uses the reference current
data in the EEPROM 3 and compares this with the maximum response intensity obtained during analysis to check 76
gain and working electrode status.
If the maximum response intensity detected is out of range of the reference current data, the diagnostic program
causes the microprocessor to instruct the signal processor 9 to change 77 to a more suitable gain level and the
analysis is continued.

If the diagnostic program detects that no gain is available, the microprocessor outputs 78 an error message to the
operator and stops the analysis 79. This permits the diagnostic program to optimise the signal collection potential
range and current range which is stored in the memory 5.
In addition, the diagnostic program uses the reference data stored in the EEPROM 3 which is compared with the
actual peak current response obtained from the standard reagent to determine whether the peak current obtained
from standard reagent corresponds to the peak current expected from the standard reagent. In the event that the
peak current obtained is outside a certain deviation from the expected peak current, the microprocessor will output an
error or warning message to the operator.
After programming of the EEPROM 3, the analyser 30,60 can be used in conjunction with the cell 11 to run a
voltammetric analysis on a particular analyte. Initially, an operator turns on the analyser 30,60 being used and enters
the analyte to be analysed and the concentration of interest. The operator then formulates a standard reagent for the
analyte of interest and adds this to the electrochemical cell 11 through the aperture 22.
The analyser 30,60 then conducts a test on the reagent to check the conditions of the system automatically.
After this test, electrode status and instrument readiness will be reported and some analysis conditions such as gain
and peak position will be set automatically. Any system errors detected by the diagnostic program will stop analysis
with correction instructions. This enhances the performance and reliability of the apparatus.
As soon as the instrument is ready, the system is calibrated automatically. During the calibration process, the system
collects and processes raw data and stores a response which represents a known concentration of the analyte to be
tested for in the memory.
After the calibration process, a fixed volume of the test sample is added into the cell 11 and mixed with a fixed
volume of the standard reagent. The system then collects and processes the voltammetric raw data again. The
response which represents the concentration of the standard plus the sample is stored in the memory. The
microprocessor 2 performs a calculation to determine the concentration of the analyte in the test sample using the
information from the calibration sample and the result will be reported and displayed.
An example of use of the analyser 30 and cell 11 to analyse the concentration of Cu2+ in a waste water sample will
now be described. However, the analyser 60 could be used in the same manner to perform the analysis.
A standard reagent containing 2 ppm copper nitrate, 0.5 M acetic acid, 0.5 M sodium acetate and 20 ppm mercury
chloride was prepared. The formulation of the reagent was digitally coded and entered into the EEPROM 3. In
addition, a linear anodic stripping voltammetry scan was also programmed into the EEPROM 3 with the following
conditions: (i) An initial potential of-0.8V; (ii) Pre-electrolysis for 30s; (iii) A scan rate of lOOmVs~1; (iv) A final
potential of +0.5V; and (v) An electrode cleaning time of 20s at +0.5V.
10ml of the reagent was then introduced into the vessel 12 through the aperture 22 as a standard and the
voltammetric analysis process was started using the keypad 10. When started the microprocessor 2 prompts a user
via the display 4 to enter the analyte to be tested for. The operator in response to this enters"copper". The
microprocessor 2 then prompts a user via display 4 for the concentration of interest and the user enters"lppm"using
the keypad 10. In response to this information, the microprocessor 2 selects the appropriate program stored in the
EEPROM 3 for an analyte of copper with a concentration of interest of lppm and this is downloaded from the
EEPROM into the microprocessor 2. The microprocessor 2 then runs the chosen program and in response to the
program the microprocessor 2 generates control signals to control the output from the potentiostat 7 to the cell
controller 8 and the signal processor 9 and the cell controller 8 directly. By causing the cell controller 8 to apply the
pre-programmed linear anodic stripping voltammetric conditions (i) to (v) listed above which form part of the program
downloaded from the EEPROM 3 into the microprocessor 2. Using the output signals from the reference and counter
electrodes 15,16 which are temporarily stored by the microprocessor 2 in the RAM 5, the microprocessor 2 then
analyses the test results and stores the results as a calibration.
After the calibration is completed, the microprocessor 2 prompts a user via the display 4 to add the actual test
sample. At this point, the user replaces the lOml of the standard calibration reagent with 5ml of the calibration reagent
and 5ml of the waste water sample to be analysed. The operator then informs the analyser 30 using the keypad 10
that the cell 11 contains the sample to be tested and the analyser repeats the linear anodic stripping voltammetry
scan under the same conditions as that conducted for the standard calibration sample.

The microprocessor 2 then compares the results of the test sample with the calibration sample and outputs the
concentration of Cu2+ found in the test sample by means of the display 4.
In addition, an operator can subsequently or simultaneously download the results to the computer 36 for permanent
storage and/or for graphical display and/or printing of the results.
A typical graphical display obtained from the analyser 30 is shown in Figure 9 for the above example. The graph
shows the applied voltage versus the sensed current for the calibration sample (A) containing lppm Cu2+ ions and
the waste water sample (B). It can be seen from the graph that sample B has a peak which is approximately 1.5 times
greater than the calibration sample A indicating that the concentration of Cu2+ ions in the waste water sample B is
approximately 2.2ppm. It should be noted that the same graphical display would be obtained using the analyser 60
for the analysis instead of the analyser 30.
In addition to copper, the apparatus 1 and electrochemical cell 11 can be used to detect concentrations of most ions.
Examples of typical ions that can be detected are ions of titanium, vanadium, chromium, manganese, iron, cobalt,
nickel, zinc, gallium, germanium, arsenic, silver, cadmium, indium, tin, antimony, tungsten, platinum, gold, mercury,
thallium, lead and bismuth, as well as organic compounds such as aromatics, aldehydes, alcohols, ketones, ethers,
quinones, halides, heterocyclics, nitrocompounds, amines, phenols, organic acids and organic metallics.
In fact the apparatus 1 and the cell 11 can be used to detect any ion which can be detected using conventional
voltammetry.
Concentrations that can be detected can be any concentration which can be detected using conventional
voltammetric analysis, and typically any concentration in the range from approximately lppb to 1000ppm.

Potential of measurement:
The system operates in a range of Voltages distributed from zero to four volts. The amperage
current ranges from zero thru 4 milliamps. The system is designed to test substances not for patient testing.

Potential for Homeopathic Enhancement:
The QQC system can run an energy into a homeopathic substance to measure the electrical trivector
voltametric field or the energetic signature. The energy of the measure effects the tested entity and alters it. The QQC
system can be used thus alter or improve a homeopathic. This is called the enhancement of the product. The zeta
flickering rate of the water is effected, and the trivector field can be stabilized for use.

Portray of System
Show diagram ATTACHED
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Qingmin Xu, Ting He, and David O. Wipf, Langmuir, 2007, 23,9098- 9103.
*46. “Fast-Scan Cyclic Voltammetry - Scanning Electrochemical Microscopy,” Luis Díaz-Ballote, Mario
Alpuche-Aviles, and David O. Wipf, J. Electroanal. Chem., 2007, 604, 17-25.
45. “ An Electrochemical STM Study of Coarsening and Corrosion of Platinum Films,” Qingmin Xu, Eric
Kreidler, David Wipf, and Ting He, ECS Trans., 2007, 11(1), 1279-1287.
44. “Simple Fabrication of a Silver Epoxy Coated Microelectrode for SECM Imaging in Small Volumes,” Luis
Díaz-Ballote and David O. Wipf, ECS Trans., 2007, 3(31), 249-258.
*43. “Preparation of Tip-Protected Poly(oxyphenylene) Coated Carbon-Fiber Ultramicroelectrodes,” Emad
El-Deen M. El-Giar and David O. Wipf, Electroanalysis, 2006, 18, 2281-2289.
42. “Scanning Electrochemical Microscopy of Model Neurons: Constant Distance Imaging,” Ruwan T.
Kurulugama, David O. Wipf, Sara. A. Takacs, Sirinun Pongmayteegul, Paul A. Garris, and John E. Baur,
Anal. Chem., 2005,77, 1111 -1117.
*41. “Review of laboratory and outdoor exposure efficacy results of organic biocide: Antioxidant
combinations, an initial economic analysis and discussion of a proposed mechanism,” Tor P. Schultz, Darrel
D. Nicholas, William P. Henry, Charles U. Pittman, David O. Wipf and Barry Goodell, Wood Fiber Sci.,
2005,37, 175-184.
*40. “Voltammetry and Surface Analysis of AISI 316 Stainless Steel in Chloride-Containing Simulated
Concrete Pore Environment,” Lucien Veleva, Mario Alpuche-Aviles, Melissa K. Graves-Brook, and David O.
Wipf, J. Electroanal. Chem, 2005, 578, 45-53.
*39. “Activity of SiC Particles in Al-Based Metal Matrix Composites Revealed by SECM,” L. Díaz-Ballote,
David O. Wipf, L. Veleva, M. A. Pech-Canul, M. I. Pech-Canul, J. Electrochem. Soc., 2004, 151, B299-B303.
*38. “Voltammetry Simulations with Spreadsheets,” David O. Wipf, Submitted to J. Chem. Ed., In revision.
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37. “Investigations of PC12 Cells with the BioSECM. 1. Redox Mediator Evaluation and Real-Time
Measurements of Morphological Changes,” Johanna M. Liebetrau, Heather M. Miller, John E. Baur, Sara
A.Takacs, Rick Crous, Vipave Anupunpisit, Paul A. Garris, David O. Wipf, Anal. Chem., 2003, 75, 563-571.
*36. “Patterning and Imaging of Oxides on Glassy Carbon Electrode Surfaces by Scanning Electrochemical
Microscopy,” Robert C. Tenent and David O. Wipf, J. Electrochem. Soc., 2003, 150, E131-E139.
*35. “An in situ Electrochemical Study of Electrodeposited Nickel and Nickel-Yttrium Oxide Composite Using
Scanning Electrochemical Microscopy,” L. Veleva, L. Diaz-Ballote and David O. Wipf, J. Electrochem. Soc.,
2003, 150, C1-C6.
*34. “Comparative Cyclic Voltammetry and Surface Analysis of Passive Films Grown on 316 Stainless
Steel in Concrete Pore Model Solutions,” Mario Alpuche-Aviles, L. Veleva, and David O. Wipf, J.
Electroanal. Chem.,2002, 537, 85-93.
*33. “Impedance Feedback Control for Scanning Electrochemical Microscopy,” Mario A. Alpuche-Aviles
and David O. Wipf, Anal. Chem., 2001, 73, 4873-4881.
*32 . “Conductivity Detection for Monitoring Mixing Reactions in Microfluidic Devices,” Yan Liu, David O.
Wipf and Charles S. Henry Analyst, 2001, 126, 1248-1251.
*31. “Fabricating and Imaging Carbon-Fiber Immobilized Enzyme Ultramicroelectrodes with Scanning
Electrochemical Microscopy,” , Robert C. Tenent and David O. Wipf, Anal. Sci. 2001, 17, 27-35.
*30. “UV/Ozone Pretreatment of Glassy Carbon Electrodes,” Junfeng Zhou and David O. Wipf, J.
Electroanal. Chem., 2001, 499, 121-128.
*29. “Microscopic Measurement of pH with Iridium Oxide Microelectrodes,” David O. Wipf, Fuyun Ge,
Thomas W. Spaine, John E. Baur, Anal. Chem.,2000, 72, 4921-4927.
*28 . “Crystallographic and Stereoscopic Characterization of Tetrakis(m-N,Ndiarylformamidinato)dichlorodirhenium(III,III) Compounds,” Judith L. Eglin, Chun Lin, Tong Ren, Laura
Smith, Richard J. Staples, and David O. Wipf, Euro. J. of Inorg. Chem. 1999, 2095-2013.
*27 . “Synthesis of Multiply-Bonded Dichromium Complexes with a Variety of Formamidinate Ligands,”
Kathryn M. Carlson-Day, Judith L. Eglin, Chun Lin, Laura T. Smith, Richard J. Staples, and David O. Wipf,
Polyhedron, 1999, 18, 817-824.
26. “Selective Determination of Methylmercury by Flow-Injection Fast-Scan Voltammetry,” Rebecca Lai,
Eva L Huang, Feimeng Zhou, and David O. Wipf, Electroanalysis., 1998, 10, 926-930.
*25. “Localized Avidin/Biotin Derivatization of Glassy Carbon Electrodes Using Scanning Electrochemical
Microscopy”, Wilbur B. Nowall, David O. Wipf, and Werner G. Kuhr, Anal. Chem., 1998, 70, 2601-2606.
*24. “Breakdown of the Iron Passive Layer by use of the Scanning Electrochemical Microscope,” John W.
Still and David O. Wipf J. Electrochem. Soc., 1997, 144, 2657-2665.
*23. “Construction of Gold Micro-Bead Electrodes,” Deon T. Miles+, Andrew Knedlik+, and David O. Wipf
Anal. Chem., 1997, 69, 1240-1243.
*22. “Deposition of Conducting Polyaniline Patterns with the Scanning Electrochemical Microscope,”
Junfeng Zhou and David O. Wipf J. Electrochem. Soc., 1997, 144, 1202-1207.
*21. “Ohmic Drop Compensation in Voltammetry: Iterative Correction of the Applied Potential,” David O.
Wipf Anal. Chem., 1996, 68, 1871-1876.
*20. “Initiation and Study of Localized Corrosion by Scanning Electrochemical Microscopy,” David O. Wipf
Colloids and Surfaces A, 1994, 93, 251-261.
19. “Scanning Electrochemical Microscopy. 21. Constant-Current Imaging,” David O. Wipf, Allen J. Bard,
and Dennis E. Tallman Anal. Chem.,1993, 65, 1373-1377.
18. “Scanning Electrochemical Microscopy. 15. Improvements in Imaging via Tip-Position Modulation and
Lock-In Detection,” David O. Wipf and Allen J. Bard Anal. Chem., 1992, 64, 1362-1367.
17. “Chemical Imaging of Surfaces with the Scanning Electrochemical Microscope,” Allen J. Bard, Fu-Ren
F. Fan, David T. Pierce, Patrick R. Unwin, David O. Wipf, and Feimeng Zhou Science, 1991, 254, 68-74.
16. “Scanning Electrochemical Microscopy. 12. Theory and Experiment of the Feedback Mode with Finite
Heterogeneous Electron-Transfer Kinetics and Arbitrary Substrate Size,” Allen J. Bard, Michael V. Mirkin,
Patrick R. Unwin, David O. Wipf J. Phys. Chem., 1992, 96, 1861-1868.
15. “The Application of Rapid Scan Cyclic Voltammetry to a Study of the Oxidation and Dimerization of
N,N-Dimethylaniline in Acetonitrile,” Hongjun Yang, David O. Wipf, Allen J. Bard J. Electroanal. Chem.,
1992, 331, 913-924.
14. “Scanning Electrochemical Microscopy. 11. Improvement of Image Resolution by Digital Processing
Techniques,” Chongmok Lee, David O. Wipf, Allen J. Bard, Keith Bartels, and Alan C. Bovik Anal. Chem.,
1991, 63, 2442-2447.
13. “Scanning Electrochemical Microscopy. 10. High Resolution Imaging of Active Sites on an Electrode
Surface,” David O. Wipf and Allen J. Bard J. Electrochem. Soc., 1991, 138, L4-L6.
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12. “Scanning Electrochemical Microscopy,” Allen J. Bard, Patrick R. Unwin, David O. Wipf, and Feimeng
Zhou Am. Inst. Phys., Conf. Proc.- 241; K. Wickramasinge, Ed.; American Institute of Physics: New York,
1992; pp. 235-247.
11. “Scanning Electrochemical Microscopy. Part 7. Effect of Heterogeneous Electron-Transfer Rate at the
Substrate on the Tip Feedback Current,” David O. Wipf and Allen J. Bard J. Electrochem. Soc., 1991, 138,
469-474.
10. “Scanning Electrochemical Microscopy: A New Technique for the Characterization and Modification of
Surfaces,” Allen J. Bard, Guy Denuault, Chongmok Lee, Daniel Mandler, and David O. Wipf Acc. Chem.
Res., 1990, 23, 357-363.
9.
“High-Speed Cyclic Voltammetry,” R. Mark Wightman and David O. Wipf Acc. Chem. Res., 1990, 23,
64-70.
8.
“Voltammetry with Microvoltammetric Electrodes in Resistive Solvents under Linear Diffusion
Conditions ,” David O. Wipf and R. Mark Wightman Anal. Chem., 1990, 62, 98-102.
7.
“Microdisk Electrodes, II. Fast-Scan Cyclic Voltammetry with Very Small Electrodes,” David O. Wipf,
Adrian C. Michael, and R. Mark Wightman J. Electroanal. Chem., 1989, 269, 15-25.
6.
“Rapid Cleavage Reactions of Haloaromatic Radical Anions Measured with Fast-Scan Cyclic
Voltammetry,” David O. Wipf and R. Mark Wightman J. Phys. Chem., 1989, 93, 4286-4291.
5.
“Voltammetry at Ultramicroelectrodes,” R. Mark Wightman and David O. Wipf, Electroanalytical
Chemistry, A. J. Bard, Ed.; Marcel Dekker: New York, 1989; Vol. 15.
4.
“Submicrosecond Measurements with Cyclic Voltammetry,” David O. Wipf and R. Mark Wightman
Anal. Chem., 1988, 60, 2460-2464.
3.
“Fast-Scan Cyclic Voltammetry as a Method to Measure Rapid Heterogeneous Electron- Transfer
Kinetics,” David O. Wipf, Eric W. Kristensen, Mark R. Deakin, and R. Mark Wightman Anal. Chem., 1988,
60, 306-310.
2.
“Disproportionation of Quinone Radical Anions in Protic Solvents at High pH,” David O. Wipf, Kenneth
R. Wehmeyer, and R. Mark Wightman J. Org. Chem., 1986, 51, 4760-4764.
1.
“Ultramicroelectrodes,” R. Mark Wightman, Mark R. Deakin, David O. Wipf, and Paul Kovach
Proceedings of the Workshop on Electrochemical Education, The Electrochemical Society, 1986.
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Invited Publications

5.
“Review of Analytical Electrochemistry,” David O. Wipf Anal. Chem., 2007, 79, 8846.
4.
“Analytical and Digital Instrumentation,” David O. Wipf in The Encyclopedia of Electrochemistry, Vol 3:
Instrumentation and Electroanalytical Chemistry, A. J. Bard, M. Stratmann, and G. S. Wilson, Eds, Vch
Verlagsgesellschaft Mbh, Weinheim, 2003.
3.
“Scanning Electrochemical Microscopy,” David O. Wipf in The Encyclopedia of Imaging Science and
Technology, J. P. Hornak, Ed, John Wiley & Sons, Inc., New York, 2002, pp 1248-1259.
2.
“Instrumentation,” David O. Wipf in Scanning Electrochemical Microscopy, A. J. Bard and M. V. Mirkin,
Eds, Marcel Dekker, New York, 2001, pp. 17-74.
1.
“Scanning Electrochemical Microscopy,” David O. Wipf in Current Protocols: Methods in Materials
Research, E.N. Kaufmann et al., Eds, John Wiley & Sons, Inc, New York, 2000. 7c.2.1-7c.2.18.

•

Patents

•

U. S. Patent #5382336 Tip Position Modulation and Lock-in Detection in Scanning Electrochemical
Microscopy”, David O. Wipf and Allen J. Bard.

•

*55. “Constant Distance SECM Imaging with the Tip-Position-Modulation Impedance Mode,” David O. Wipf
at the 212th Meeting of the Electrochemical Society, Washington DC, Oct 7-12, 2007. (Invited)
*54. “Multidimensional Imaging with Scanning Electrochemical Microscopy.,” David O. Wipf at the University
of Southern Mississippi, Hattiesburg MS, Feb. 14, 2007. (Invited)
*54. “Multi-Image Techniques in Scanning Electrochemical Microscopy,” David O. Wipf at Georgia Tech
University, Atlanta GA, Nov. 30, 2006. (Invited)
*53. “SECM Imaging with the TPM-Impedance (TPMZ) Mode,” David O. Wipf at the 4th Workshop on
Scanning Electrochemical Microscopy (SECM) at Falcade, Italy September 3 - 6, 2006.
*52. “Multidimensional Images in Scanning Electrochemical Microscopy,” David O. Wipf at the University of
Pittsburgh, Pittsburgh, PA, Sept. 8, 2005. (Invited)
*51. “Chemical Imaging Possibilities with Scanning Electrochemical Microscopy,” David O. Wipf at the
South Dakota School of Mines and Technology, Rapid City, SD, June 20, 2005. (Invited)
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Presentations
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*50. “Multidimensional Imaging with Scanning Electrochemical Microscopy,” David O. Wipf at Warwick
University, Coventry, UK, June 10, 2005. (Invited)
*49. “Multidimensional Imaging with the Scanning Electrochemical Microscope,” David O. Wipf at Imperial
College, London, UK, June 8, 2005. (Invited)
*48. “Multidimensional Imaging with the Scanning Electrochemical Microscope,” David O. Wipf at the Oxford
University, Oxford, UK, June 7, 2005. (Invited)
*47. “Multidimensional Imaging with Scanning Electrochemical Microscopy,” David O. Wipf at the University
of Southampton, Southampton, UK, June 1, 2005. (Invited)
*46. “New Imaging Possibilities with Fast-Scan Cyclic Voltammetry Scanning Electrochemical
Microscopy,”David O. Wipf at the 3rd Workshop on Scanning Electrochemical Microscopy, Dublin, Ireland
June 11-12, 2004.
*45. “New Imaging Possibilities with Fast-Scan Cyclic Voltammetry Scanning Electrochemical
Microscopy,”David O. Wipf, M. Alpuche-Aviles (Mississippi State University), and L. Diaz-Ballote at the
205th Meeting of the Electrochemical Society, San Antonio, TX, May 9-14, 2004. (Invited)
*44. “Multi-Dimensional Imaging in Scanning Electrochemical Microscopy,” David O. Wipf at Middle
Tennessee State University, Murfreesboro, TN March 18, 2004.
*43. “Fast-Scan Stripping Voltammetry Imaging With the Scanning Electrochemical Microscope,” David O.
Wipf and Mario A. Alpuche Aviles, at The 226th ACS National Meeting, New York, NY, September 7-11,
2003.
*42. “Voltammetry Simulations by Spreadsheets,” David O. Wipf, at The 226th ACS National Meeting, New
York, NY, September 7-11, 2003.
*40. “Fast-Scan Stripping Voltammetry Imaging with Scanning Electrochemical Microscopy,” David O. Wipf,
Mario A. Alpuche Aviles, and Luis Díaz-Ballote at Journées d’Électrochimie 2003, Poitiers, France, June 3-6,
2003.
#*39. “Multidimensional Imaging in Scanning Electrochemical Microscopy”, David O. Wipf, Université
Claude Bernard, Lyon, France, May 23, 2003. (Invited)
#*38. “Multidimensional Methods in Scanning Electrochemical Microscopy”, David O. Wipf, Université de
Paris VI, Jussieu, Paris, France, May 13, 2003. (Invited)
*37. “Scanning Electrochemical Microscopy Examination of the O2 Reduction on Cast Iron - E.E.-D. El-Giar
and David O. Wipf, at the 203rd Meeting of the Electrochemical Society, Paris, France, April 27-May2, 2003.
#*36. “Multidimensional Imaging with Scanning Electrochemical Microscopy”, David O. Wipf, University of
Warwick, England, Feb. 27, 2003. (Invited)
#*35. “Multidimensional Scanning Electrochemical Microscopy”, David O. Wipf, Truman State University,
Kirksville, MO, Sept. 27, 2002. (Invited)
*34. “Constant-Distance Scanning in SECM,” David O. Wipf, Mario A. Alpuche Aviles, and Emad El-Deen
M. El-Giar at PittCon 2001, New Orleans, LA, March 4-9, 2001.
#*33. “Applications of Scanning Electrochemical Microscopy,” David O. Wipf, CINVESTAV Unidad Mérida,
March 16, 1999, Mérida, Yucatan, Mexico. (Invited)
#*32.“Microscale Surface Chemistry with the Scanning Electrochemical Microscope,” David O. Wipf, at the
XIV National Congress of the Mexican Electrochemical Society, August 24-28, 1999, Mérida, Yucatan,
Mexico. (Invited)
#*31. “Measurement of Local Electron-Transfer Rates on Electrodes with SECM,” David O. Wipf and
Robert C. Tenent at the 25th Annual Conference of the Federation of Analytical Chemistry and
Spectroscopy Societies, October 11-15, 1998, Austin TX. (Invited)
#*30. “Micro-Scale Electrochemistry with the Scanning Electrochemical Microscope,” David O. Wipf,
Auburn University, AL, May 15, 1998. (Invited)
#*29. “Heterogeneously Modified Carbon Fiber Ultramicroelectrodes,” D. Wipf, R. C. Tenent, F. Ge, and J.
Baur at the 193th Meeting of the Electrochemical Society, May 5, 1998, San Diego CA. (Invited)
*28. Modified Carbon Fiber Ultramicroelectrodes,” D. O. Wipf, R. C. Tenent, F. Ge, at Mississippi EPSCoR
Conference, January 22, 1998, Jackson, MS.
#*27. Investigation of Localized Corrosion with the Scanning Electrochemical Microscope,” J. W. Still and
D. O. Wipf, at the 1st International Workshop on Scanning Electrochemical Microscopy, September 7, 1997,
Freiburg, Germany (Invited)
*26. Formation and Imaging of Heterogeneously Modified Carbon Fiber Ultramicroelectrodes,” D. O. Wipf, R.
C. Tenent, F. Ge, at Electrochem ‘97 August 29, 1997, London, England
#*25. Local Modification of Electrode Surfaces by the Scanning Electrochemical Microscope,” D. O. Wipf,
University of South Dakota, November 18, 1996. (Invited)
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#*24. Local Modification of Electrode Surfaces by the Scanning Electrochemical Microscope,” D. O. Wipf,
University of Wisconsin - Eau Claire, November 15, 1996. (Invited)
#*23. Local Modification of Electrode Surfaces by the Scanning Electrochemical Microscope,” D. O. Wipf,
University of Southern Mississippi, October 25, 1996. (Invited)
*22. Examination of Passive Layer Breakdown and Formation with the Scanning Electrochemical
Microscope”, John W. Still and David O. Wipf at the 190th Meeting of the Electrochemical Society, Oct. 10,
1996, San Antonio, TX.
#*21. Local Modification and Imaging of Surfaces by the Scanning Electrochemical Microscope,” D. O.
Wipf, Paper #8, Great Lakes Regional Meeting of the American Chemical Society, May 19-22, 1996,
Normal, IL. (Invited)
#*20. Local Modification and Imaging of Surfaces by the Scanning Electrochemical Microscope,” D. O.
Wipf, April 4, 1996, presented at the University of Alabama, Tuscaloosa. (Invited)
#*19. Local Modification and Imaging of Surfaces by the Scanning Electrochemical Microscope,” D. O.
Wipf, March 8, 1996 presented at Illinois State University, Normal, IL. (Invited)
*18. Initiation of Localized Corrosion on Iron with the Scanning Electrochemical Microscope,” David O. Wipf
and John W. Still, Paper #746, Pittsburgh Conference and Exposition, March 6, 1996, Chicago, IL.
*17. Generation and Imaging of Derivatized Regions on Carbon Electrodes by the Scanning
Electrochemical Microscope,” David O. Wipf, Robert C. Tenent, and Louis H. Bluhm+, Paper #745,
Pittsburgh Conference and Exposition, March 6, 1996, Chicago, IL.
*16. Analytical Applications of Paired Carbon-Fiber Electrodes,” John E. Baur and David O. Wipf, Paper
#097, Pittsburgh Conference and Exposition, March 6, 1996, Chicago, IL.
*15. Initiation of Pitting Corrosion on Iron with the Scanning Electrochemical Microscope,” David O. Wipf and
John W. Still, Mississippi EPSCoR Conference, Jan. 31, 1996, Jackson, MS, No. 4.
*14. Ohmic Potential-Drop Compensation by Iterative Correction of the Applied Potential,” D. O. Wipf, 47th
Southeast / 51st Southwest Joint Regional Meeting of the American Chemical Society, Nov. 29-Dec. 1, 1995
Memphis, TN, No. 83.
#*13. Scanning Electrochemical Microscopy”, D. O. Wipf, Oct. 6, 1995 presented at Tennessee
Technological University, Cookeville TN. (Invited)
*12. Activation of Carbon Electrodes by UV/Ozone Treatment,” D. O. Wipf and J. Zhou, Paper #256, 187th
Electrochemical Society Meeting, May 21-26, 1995, Reno NV.
#*11. Formation and Study of Localized Corrosion by Scanning Electrochemical Microscopy,” David O.
Wipf, April 20, 1995, presented at Florida State University, Tallahassee FL. (Invited)
#*10. Initiation and Study of Localized Corrosion with the Scanning Electrochemical Microscope,” David O.
Wipf, October 21, 1994, presented at Jackson State University, Jackson MS. (Invited)
*9. Examination of Pitting Corrosion with Scanning Electrochemical Microscopy,” David O. Wipf, presented
at 1994 SEAAC (Southeast Academic Analytical Chemistry) Meeting, Florida State University, Tallahassee
FL, September 23-24, 1994.
#*8. Formation and Study of Pitting Corrosion by Scanning Electrochemical Microscopy,” David O. Wipf,
Paper #202, presented at the 208th American Chemical Society National Meeting and Exposition,
Washington DC, August 21-25, 1994. (Invited)
#*7. Scanning Electrochemical Microscopy” David O. Wipf, presented at the University of Mississippi,
Oxford, MS, January 21, 1994. (Invited)
#*6. Initiation and Study of Localized Corrosion by Scanning Electrochemical Microscopy,” David O. Wipf,
Surface Characterization of Adsorption and Interfacial Reactions, Engineering Foundation Conference,
January 9-14, 1994, Kona, HI. (Invited)
5.
Constant-Current Imaging with the Scanning Electrochemical Microscope,” David O. Wipf and Allen J.
Bard, Paper #811, Pittsburgh Conference and Exposition, March 10, 1993, Atlanta, GA.
4.
Tip-Modulated Scanning Electrochemical Microscopy,” David O. Wipf and Allen J. Bard, Paper #944,
Pittsburgh Conference and Exposition, March 11, 1992.
#3. Scanning Electrochemical Microscopy for Characterization of Electrochemical and Chemical
Processes at Surfaces,” David O. Wipf, Guy Denuault, and Allen J. Bard, presented at the SE/SW
Combined Regional Meeting of the ACS , December 6, 1990. (Invited)
2.
Measurement of Heterogeneous and Homogeneous Rate Constants with Fast-Scan Cyclic
Voltammetry,” David O. Wipf and R. Mark Wightman, presented at the International Electroanalytical
Symposium, May 28, 1987.
1.
Measurement of Heterogeneous and Homogeneous Rate Constants with Fast-Scan Cyclic
Voltammetry,” David O. Wipf and R. Mark Wightman, presented at the Pittsburgh Conference and
Exposition, March 9, 1987.
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Student and Collaborator Presentations

*45. “An Electrochemical STM Study of Coarsening and Corrosion of Platinum Films,” Qingmin Xu, Eric
Kreidler, David Wipf, and Ting He at the 212th Meeting of the Electrochemical Society, Washington DC, Oct
7-12, 2007.
*44. “Application of Combined Stripping Voltammetry Techniques and SECM to Electro-Deposition and
Generation Studies” M. A. Alpuche Aviles and D. Wipf, 210th Meeting of The Electrochemical Society and
the XXI Congreso de la Sociedad Mexicana de Electroquimica Joint International Meeting, Cancun, MX, Oct
29 – Nov 3, 2006.
43. “Simple Fabrication of a Silver Epoxy Coated Microelectrode for SECM Imaging in Small Volumes,” L.
F. Diaz-Ballote and D. Wipf, 210th Meeting of The Electrochemical Society and the XXI Congreso de la
Sociedad Mexicana de Electroquimica Joint International Meeting, Cancun, MX, Oct 29 – Nov 3, 2006.
*42. “Low Temperature Oxygen Reduction Reaction Kinetics on Polycrystalline Pt Electrodes,” Xiaojing
Sun, David O Wipf, The 57th Southeast/61st Southwest Regional Meeting, Memphis, TN, November 1-4,
2005.
*41. “A Modulated Mass-Transfer Technique for Voltammetry at Low Concentrations,” A. Antonyraj, David
O. Wipf, The 57th Southeast/61st Southwest Regional Meeting, Memphis, TN, November 1-4, 2005.
*41. “Scanning Electrochemical Microscopy – A Useful Tool for Surface Characterization of Composite
Materials,” L. Díaz-Ballote, M.A. Pech-Canul, M.I. Pech-Canul, L. Veleva and David O. Wipf, XIV
International Materials Research Congress 2005, Cancún, Quintana Roo, México, August 21-25, 2005.
*40. “Evaluation of VGCNF/Paint-Coated Mild Steel Using Electrochemical Impedance Spectroscopy (EIS)
in 3% NaCl Solution,” Sahar M. Atwa and David O. Wipf, 2004 Southeast Regional Meeting of the ACS,
Research Triangle Park, NC, November 10-13, 2004.
*39. “Visualization of the Electrochemical Activity of Silicon Carbide Particles in Aluminum Composites by
Scanning Electrochemical Microscopy,” L. Díaz-Ballote, David O. Wipf, M. Pech Canul, and L. Veleva, XIII
International Materials Research Congress, Cancún Mexico August 22-26, 2004.
#*38. “Imaging Model Neurons With the Scanning Electrochemical Microscope,” John E. Baur, Ruwan
Kurulugama, Paul A. Garris, and David O. Wipf, at The 226th ACS National Meeting, New York, NY,
September 7-11, 2003.
*37. Stripping Voltammetry Imaging With Scanning Electrochemical Microscopy - M. Alpuche-Aviles David
O. Wipf, at the 203rd Meeting of the Electrochemical Society, Paris, France, April 27-May 2, 2003.
*36. Electrochemical Study and Surface Analysis of Passive Films on AISI 316 Stainless Steel Grown in
Alkaline Solutions,” Lucien Veleva, Mario A. Alpuche-Aviles, Melissa K. Graves-Brook, and David O. Wipf at
the 15th International Corrosion Congress, Granada, Spain, September 22-27, 2002.
*35. Electrochemical Detection for Microchip Separation Devices,” Charles S. Henry, Yan Liu, Joseph C.
Fanguy, David O. Wipf at the 201st Meeting of The Electrochemical Society in Philadelphia, PA, May 12-17,
2002.
*34. Constant-Separation Imaging of Live Mammalian Cells with the Scanning Electrochemical Microscope
Using Carbon Ring Probes,” John E. Baur and David O. Wipf at PittCon 2002, New Orleans, LA, March 1722, 2002.
*33. Improving Impedance Feedback Control in Scanning Electrochemical Microscopy,” Mario A. Alpuche
Aviles and David O. Wipf at PittCon 2002, New Orleans, LA, March 17-22, 2002.
*32. Scanning Electrochemical Microscopy Imaging with pH Sensitive Iridium Oxide Microelectrodes,” Emad
El-Deen M. El-Giar and David O. Wipf at PittCon 2002, New Orleans, LA, March 17-22, 2002.
*31. Fast Scan Cyclic Voltammetry-Scanning Electrochemical Microscopy,” Luis Díaz-Ballote and David O.
Wipf at PittCon 2002, New Orleans, LA, March 17-22, 2002.
*29. Conductivity Detection for Microchip Capillary Electrophoresis,” Charles S. Henry, David O. Wipf, Jamie
Vollenweider, at SmallTalk2001, San Diego, CA, Aug. 29-31, 2001.
*28. An Impedance Feedback Method for Examination of Corrosion with SECM,” Mario A. Alpuche Aviles
and David O. Wipf at PittCon 2001, New Orleans, LA, March 4-9, 2001.
*27. A Microparticle Iridium Oxide pH Ultramicroelectrode for SECM,” Emad El-Deen M. El-Giar and David
O. Wipf at PittCon 2000, New Orleans, LA, March 4-9, 2001.
26. Characterization of a Conductivity Detector for Microchip Capillary Electrophoresis,” Yan Liu, David O.
Wipf, and Charles S. Henry at the 52nd Southeast / 56th Southwest Joint Regional Meeting of the American
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ABSTRACT: There is evidence for resonant and anti resonant
frequencies of different biological substances. There is also some
research there is the same in homeopathic medicines. These
Homeopathics also have capacitance and inductance fields that can
be measured. When challenged trace substances reveal volt and
amperage profiles from oxidation and reduction reactions.
Volt-ammetry is traditionally used in analytic chemistry. The basic
capacities of electronics are voltage, amperage, and resistance. They
are mathematically related in Ohms law. There are other mathematical
relations that relate capacitance and induction as variables. The
resonant frequency is a mathematical relation of capacitance and
inductance.
This article brings all of these factors together in a single precept.
That a biological substance or a homeopathic can posses an
electronic signature. This signature will be a tri-vector signal

parallelling the right hand rule of electronics. This rule states that as an
electron moves , it generates a magnetic field at 90 degrees and then
a static field at another ninety degrees. Thus the conductance ,
inductance , and capacitance field of a homeopathic makes up its'
trivector electronic signature.

INTRODUCTION
Biological substances react through the process of oxidation and
reduction this process causes a change in volt and amperage
potential. (ref Wilkerson, White, Barney, Smith, Nelson 1982, Popp,
Frolich ). The traditional study of voltammetry has thousands of articles
and years of research behind it . It is well known that substances have
particular and specific voltammtery identities. In the book Voltammetry
Molecules of Biological Significance Smyth explains the process of
voltammetrical analysis in uses on hundreds of biological substances.
Voltammetry can be used to analyse dilute chemicals , as dilute as
one part per ten trillion.(10X in homeopathic terms.) Voltammetry is
done by measuring the oxidation-reduction potential. We have shown
that changes in volts and amps have correlates in capacitance and
inductance. Could it not be the case that these compounds that have
voltammetric signatures even at dilute quantities might leave a
capacitance and inductance signature in the water carrier of a
homeopathic. This and the resistance factors of a homeopathic might
make up the signature of a homeopathic.

This would be a tri vector signature. Kind of like the tricorder signature
seen in Star Trek. Perhaps. Fact copies fiction.
The most basic of all electro-chemical measurements is volts, amps,
and resistance. These are the components of capacitance and
inductance. Changes in amperage reflect capacitance where changes
in voltage reflect inductance. (ref Brezina ) The study of voltammetry is
a well researched and extremely well documented area of scientific
research. Voltammetry is widely used in chemical analysis. Chemicals
differ in their oxidation and reduction capacities. (ref Wang) So
voltammetric analysis is used to analyse chemicals. It can detect as
low as one part in ten trillion, what might be described as 10X. (ref
Tolbert) Thus changes in volts and amperage is a universally accepted
technique in chemical analysis. (ref. Smyth) The very essence of all
biochemistry indeed all life is contingent on the volt , amperage
exchange of oxidation and reduction.(ref. Nelson, 1982)
Just as there extensive research in voltammetric analysis of
biochemistry, there is also extensive research in voltammetric analysis
of biological organisms. This has lead to several major conferences
and the Annals of the New York Academy of Sciences has devoted
several volumes to the study of bio voltammetry.
The major scientific research teams involved reported thousands of
articles on successful voltammetric analysis of biological
organisms.(ref Annals of the New York Academy of Sciences) The
1986 volume 473 was dedicated to the Neurochemical Analysis of the
Conscious Brain. In this volume studies were discussed that tested
several topics relative to our own research. #1. Surface mount
electrodes could be used to measure internal reactive changes of volts

and amps. #2. Volt changes relate more to catecholamines, #3 Amp
changes relate more to brain hormones (such as serotonin, dopamine,
enkephalins, Gaba, and hypothalamic neuropeptides) #4 Rapid
changes in biochemistry cause changes in conscious states and can
be measured with external volt and amperage detectors. (ref. Annals
vol.473)
In 1983 I developed a trivector system of analyzing the
volt-ammetric signature of a compound. I developed a three
dimensional system I refer to as the trivector. The basic theory was to
make a volt-ammetric- electro-chemistry analysis system that would be
as similar to the actual process in the body. So the volt-ammetric test
should use volts and amps similar to the actual body potentials. Thus
the measured volt-ammetric signature would be very similar to the
actual body natural processes. Just as the receptor sites in the body
respond to a volt-ammetric signature of a biological style. If we make a
similar signal we can test the reactivity of the body and we get the
trivector EPFX / SCIO.
It must be pointed out that there indeed a volt-ammetric
electro-chemical field that surrounds all substances. All substances
have electrons in quantic states in an outer shell. These electrical
atomic components react with receptor sites in ways that trigger the
receptor to stimulate. There is not a lock and key as the chemical
analogy tells us. There are no rods and balls as the other used
analogy of chemistry tells us. The better analogy is a magnetic strip,
where one type of field triggers a pattern recognition. An information
transfer of an energetic electronic nature. There is an undeniable
energetic transfer of information on a shape receptor. The atoms and

molecules are just a condensation of the information state. Biology is
electro-chemical.
Now imagine a scientist electrical engineer who has developed a
system of three dimensional volt-ammetry electro-chemical analysis
using a similar to the body natural volt and amp levels. A sophisticated
computer polograhic chemical analysis to reveal as natural a trivector
energetic signal as possible. He patents parts of the process,
trademarks it, documents it scientifically in a ISSN medical journal,
registers it with the EC, clinically tests it for over twenty years, and
proves it safe and effective with hundreds of studies. You don’t not
need to imagine, for DR. Nelson has done it.
Now a safe bio-compatible three dimensional electro-chemical
signal of a nosode, allersode, isode, sarcode, and classic homeopathic
can be sent into the body and the trivector reactive signal of the patient
can be measured. These reactive patterns are significant of the
disease patterns of the patient. The EPFX / SCIO was born on Oct 13,
1989.
There has been many studies proposing resonant frequencies
absorption phenomena in homeopathic medicines. (ref. Wilkerson,
White, Barney, Smith, Nelson 1982, Popp, Frolich) The anti-resonant
phenomena has been found in some of these research treatise. There
was anti-resonant effects found in conductance ,capacitance, and
inductance. This then lead to the development of the trivector patent
for homeopathic quality control. The patent was successfully patented
in Ireland and patent pending in America. This technique has been
used to develop and quality control homeopathics for over five years.
Results have been startling. (ref. Nelson, Quantum Quality Control)

This technique has been replicated by other scientists and
commercially successful.
Other research on the hydrogen bonding effect has lead to a
molecular conformity theory of homeopathy. (ref. Zhalko-Titarenko O)
This theory also has under gone scientific challenge and indeed there
is evidence for a hydrogen bonding imposed conformity. It is possible
that the trivector and conformity phases of a homeopathic are just two
similar ways of describing the same phenomena.

In electronic theory the resonant frequency of a circuit is controlled by
the capacitance and inductance of the circuit. The graph in the
appendix displays this relationship. (ref. Handbook of Electronic
Tables and Formulas) Perhaps we were going backward. When we
calculated the resonant frequencies of the homeopathics the task was
excessive and cumbersome. Could we not measure the capacitance
and inductance directly and then infer the resonant frequency? To
accomplish this feat we simply used a normal capacitance and
inductance meter. We measured these factors directly along with
resistance of the homeopathic and put our recorded values onto the
resonant frequency graph. And to our surprise there was indeed a
correlation. In other words the major anti-resonant frequency of a
homeopathic could be easily determined. But If we did not do the
original frequency measure with the trivector equipment we never
could have noted this phenomena. Also there are subtle intricacies in
the frequency spectrum that this fast solution could not recover. It
appears that attempts to reduce nature to simple variables will always
come up short. The appendix contains our results. As a warning we

must always resist the urge to go to far with reductionism and assume
that a little bit of knowledge is enough to duplicate mother nature. This
message is for the certain reader who invariably will try to duplicate
natural homeopathy by just running synthetic frequencies through the
patient. Be carefull this is the same as the synthetic chemical
companies trying to duplicate hormones. The subtleties of nature may
have profound protective capacities. It is the recommendation of this
author that this discovery be used for quality control of natural real
homeopathics , not duplicated sinthetic ones.
Another factor to consider is the liquid crystal effect which we have
called the polymorphic structure of water. Water is not a true liquid but
actually a liquid crystal. Water has a shape memory which allows it to
adapt to various shapes , remember these shapes, and transmit them.
The transmission can occur on the shape receptors on the cell
membrane.(ref. Wilkinson et all , 1992) In a fine mathematical treatise
Nelson investigates the algebraic topology of water as a potential
stimulator of neurotransmitter shape receptor sites. (ref. Nelson, 1995)
Could it not be that the shape memory of water is contingent on the
trivector electronic signature? Wouldn't this vector memory provide the
structural conformity to impose orientational control over the liquid
crystal. Normal solid crystals have positional and directional
components. Liquid crystals do not have positional controls and their
directional controls are softer so we refer to them as orientational.(ref
Collings )
The orientation could only occur from an electrical vector so rich in
dipole saturated water. Recent research into computer screens has
uncovered much about liquid crystals.(ref. Collings)

THE VOLT-AMMETRIC SIGNATURE
Electro-Chemistry has been a respected and developed science for many
decades. Thousands of articles and books have been written on the
subject. It is also known as polography.
A three-dimensional (Trivector) topological electro field can be measured
which shows the relationships among various time-dependent volt-ammetric
techniques using micro electrodes. Intersections of the surface with
appropriately oriented planes represent conventional polarography,
chronopotentiometry, polarography at a stationary electrode, and
constant-potential voltammetry. Homeopathy is dependent on a shape
transfer process. The activation of neuro-emotional shape receptors can
offer an explanation of homeopathy. Our trivector three-dimensional
topological field time-dependent voltammetric techniques offers a good
compatibility with the trivector resonance system. This has been shown to
provide an accurate system of homeopathic analysis. This article will only
deal with the three-dimensional topological field time-dependent
voltammetric techniques as part of a whole system for homeopathic shape
analysis.

Scientific Principles of Voltammetric Trivector Analysis
1. The liquid crystal nature of the polar substance water is a well known
scientific principle.
2. The memory of water to retain and return to it’s crystal polymorphic
shape structure is also well known.
3. Electrochemistry (polarography, Polography, chronopotentiometry,
volt-ammetry) are standard accepted scientific principle. of modern
chemistry for chemical analysis.
4. The dynamics of the chemical information transfer of hormones through
shape receptors in the cell is the basis of all pharmacology. All hormones
work by stimulating these shape receptors. The plasticity of these receptors
has allowed synthetic chemistry to appear to work. Shape receptor stimulus
is our fourth scientific principle.
These four well known scientific facts offers us an explanation for
understanding and proving high potency homeopathy as a medical
treatment. This science also offers us a superb homeopathic quality control
procedure. Now homeopathy can be proven, tested, understood, and
defended with these scientific principles.
The principle of water’s liquid crystal shape capacity and homeopathy was
demonstrated by Nelson in 1997 (IJMSH). Here several homeopathics
were frozen and analyzed for repeatability. In this journal the
electrochemical reactivity of homeopathic remedies were also well
determined. The analysis of conductive resonance, magnetic resonance,
and capacitance states were proven a window of examination analysis.
Voltammetry or electrochemistry offers a potential more efficient and
accurate system of examination. A trivector voltammetric analysis has
been done by others, and a refined variation of this process has proven
valuable for homeopathy.

Water is a polar substance. It has a small magnetic pole. If we place a
plastic comb rubbed with fur next to a small trickle flow of water we can see
the water flow bend towards the electrically static charged comb. This polar
nature of water allows it to take a shape. As that water is a liquid crystal at
temperatures from 0 Celsius to 55 Celsius. at temperatures above this the
kinetic energy of the heat destroys the polar nature.
Next we put different metal electrodes into a container of the water
homeopathic to be tested. There will be an electro potential established
between the electrodes. As we pass a changing voltage current thru the
water based homeopathic the current or amperage potential will change at
the electrodes. This volt-ammetric reading is different for each substance.
Because the liquid crystal effect of water will make a distinct pattern that is
reflective of the different shape.
The shape of the liquid crystal polar water reflects and resonates the flow
of the current and it’s variant voltage. Just as the shape of a canyon
determines the style of the echo that resonates thru it when you call. The
shear lines and crystal boundaries have a signature effect on the output.
Each substance has a different volt-ammetric trivector signature.
Just as our shape receptors in our nose and tongue detect a shape (taste
and smell), the shape of the homeopathic is also detected by the
volt-ammetric process. It is the volt-ammetric signature that is responsible
for the phenomena of taste and smell. The reactive receptors detect the
volt-ammetric signature to react. This shape detection is a three
dimensional process, so we have called it the trivector. After the three
vectors of electronic theory.
For almost two decades, researchers and clinicians have found the
trivector items EPR (electro-physiological-Reactivity) to be very accurate.
They have reported astounding verification of the EPR validity of the QQC
trivector readings. They have been acurate in measuring nosodes, isodes,
allersodes, sarcodes, and classic homeopathics.
The subjects had a strong tendency to electrically react to items that
were irregular or abnormal in many types of tests. Tests on isodes,

allersodes, nosodes, sarcodes and classical homeopathics. But since
the accuracy was only approximately 80%, There was a need for a
disclaimer to consider the results pre-diagnostic as best and to
confirm any reading with proper medical techniques.
A book titled Ultra High Dilution reveals corroborating research to our
own. Del Giudice theories on the memory of water, and Anagnostatos
discusses the clathrate structure potentials of water. Benveniste' article
shows the magnetic fragility of high dilution homeopathics. This is
compatible to Nintze's article. (ref, Nintze) Schulte and Endler reflect on
quality control possibilities. Possibilities that are already in use. The overall
book on UHD further challenges modern medicine to look at homeopathy
in a new light.
There appears to be a dramatic increase in the research being done on
homeopathy. Books like the Ultra High Dilution and The Quantum Quality
Control are revealing the subtleties of homeopathic science. There is one
dramatic conclusion however that some homeopaths will not like. All of
these techniques and scientific theories show that combination
homeopathy is a real form of homeopathy. In fact with proper combination
and engineering of homeopathics , we can use these techniques to
engineer superior forms of homeopathy. In the study on hydrogen bonding
the engineered combinations had the greatest energy bonds.(ref
Zhalko-Titarenko O) In the study on resonance the combinations have
more stable resonance. In the freezing experiment the combinations
showed a more powerful liquid crystal effect.(ref Wilkerson et al)
Combinations can be engineered for larger magnetic fields, capacitance
fields or conductance fields.(ref White, Wilkerson) In summary
combinations can with proper engineering make far superior
homeopathics. This research rings the death bell for closed minded
classical homeopaths who resist combination homeopathy. But it asserts
the dawning of a new age for homeopathy. A golden era of safe , natural
and effective medicine, engineered for use and safety..
VALIDATION:

To validate the concept of the QQC and it’s ability to measure the
electrical signature of a homeopathic, a simple blind test was designed.
Seven doctors were chosen to select 10 homeopathic each from a
selection of one hundred and fifty. The contents were transferred to an
unlabeled bottle by the doctors. The doctors were aware of the substances
and they labelled them numbers one to ten. These were returned to QQC
analysis. The point was to see if the re QQC could find the specific
signatures and prove the validity of the QQC.
The recheck results were as follows:
Test Subject 1
90% 9 out of ten
Test Subject 2
90% 9 out of ten
Test Subject 3
80% 8 out of ten
Test Subject 4
100% 10 out of ten
Test Subject 5
70% 7 out of ten
Test Subject 6
80% 8 out of ten
Test Subject 7
90% 9 out of ten
overall 59 out of 70 for an accuracy of 85%
the misses were all variance of slight differences of QQC scores.

SUMMARY
#1 Homeopathy has a tri component resonant frequency ( Conductance,
Capacitance, Inductance )
#2 Homeopathy has a voltammetric component ( there is also a
conductance vector but we need at least two vectors the chart the system,
simple resistance is not enough)
#3 Patients also have a voltammetric profile ( There appears to be some
degree of compatibility in testing)
#4 Homeopathy has a Liquid Crystal Effect ( the polymorphic structure)
#5 The Liquid Crystal Effect needs a trivector signal to conserve the
orientational stability.
#6 There is a conformity imposed on a homeopathic relating to the
hydrogen bonding capacity.

#7 The calculated resonant frequency is compatible with the measured
resonant frequency
#8 Combining homeopathics allows for engineering effects and liquid
crystal types.
#9 There is agreement between the scientific theories and the clinical
observations in homeopathy.
#10 These techniques can be used for quality control of homeopathic
development and production.

DISCUSSION:
So in summary a orientation imposing conformity appears to cause the
homeopathic effect. This factor
can be represented in the tri-vector approach.
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QUANTUM QUALITY CONTROL
DOUBLE Q C
QQC (trademarked)
A DEVICE FOR TESTING THE TRIVECTOR
ELECTRICAL SIGNATURE OF HOMEOPATHIC ITEMS
By Eclosion Kft, Budapest, licensed to SCIO International, Romania

Description of Device:
Thus device is designed to capture a polographic or voltammetric electrical
signature pattern of a liquid compound. Electro chemical analysis of compounds
is a tried and tested method of analysis. A review article is contained in the
appendix.
The International Journal of the Medical Science of Homeopathy has
published a series of articles on this technique. First the early process of analysis
was heralded in 1997, and later reviewed in the 2005 volume. Copies of these
articles are in the appendix.
The device uses a set of electrodes made of different metals. The different
metals invoke an electro-potential. This variant electro potential will vary the
displaced electrons to reflect the electro potential variations to reflect the
substance changes.
The device will send a low level variant current thru a substance to be
tested. The changes in the potential are then measured thru this scale. A second
pass will vary voltage and measure current variations.
Changes in the magnetic or inductance field will be measured. And
changes in the dielectric or static field will be reflected in the measurement.
Thus an electro-magnetic-static picture will evolve from the test. Thus three
dimensional reflection of the liquid crystal structure of the substance will be
measured. This three dimensional field is termed the Trivector (trademarked).
The Trivector field reflects the electro-signature of any item tested.

Potential of measurement
The system operates in a range of Voltages distributed from zero to
four volts. The amperage current ranges from zero thru 15 milliamps. The system
is designed to test substances not for patient testing.

Portray of System
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TITLE
THE TRIVECTOR ANALYSIS OF
THE ELECTRONIC SIGNATURE OF HOMEOPATHY
SUBTITLE
OF
QUANTUM QUALITY CONTROL = QQC
TWO DECADES OF SERVICE
BY
PROF. WILLIAM C. NELSON MD IMUNE
ABSTRACT:
The first proposition of the electrical signature of a homeopathic
was put forward by Reinhold VOLL. He called it medication testing. In 1968
Nelson had theorized the proposition in more engineering terms. In 1974 at
Youngstown State University Nelson had successfully proven the trivector
reactive field of a human thru subspace. Then the science was outlined in the
PROMORPHEUS. Here a basic treatise of Qunatum Electro Dynamics was used.
By 1985 there was a working model of a trivector analysis and it was
reliably tested as part of the EPFX system in 1989. Now over 25,000 devices,
hundreds of clinical articles, and hundreds of millions of patient visits there is an
undeniable truth to the safety and efficacy of the trivector analysis system. This is
a review.
There is evidence for resonant and anti resonant frequencies of different
biological substances. There is also some research there is the same in
homeopathic medicines. These homeopathics also have capacitance and
inductance fields that can be measured. When challenged trace substances
reveal volt and amperage profiles from oxidation and reduction reactions.
Voltammetry is traditionally used in analytic chemistry. The basic capacities of
electronics are voltage, amperage, and resistance. They are mathematically
related in Ohms law. There are other mathematical relations that relate
capacitance and
induction as variables. The resonant frequency is a
mathematical relation of capacitance and inductance.
This article briefly reviews all of these factors together. That a
biological substance or a homeopathic can posses an electronic trivector
signature. This signature will be a tri-vector signal paralleling the right hand rule
of electronics. This rule states that as an electron moves , it generates a magnetic
field at 90 degrees and then a static field at another ninety degrees. Thus the
conductance, inductance, and capacitance field of a homeopathic makes up its'
trivector electronic signature. This is the basis of a standard accepted art in
chemistry known as Electro-chemistry. There are thousands of articles about
electro-chemistry.

INTRODUCTION
Biological
substances react through the process of oxidation and
reduction this process causes a change in volt and amperage potential.. The
traditional study of volt-ammetry has thousands of articles and years of research
behind it . It is well known that substances have particular and specific
volt-ammtery identities. In the book Volt-ammetry Molecules of Biological
Significance Smyth explains the process of voltammetrical analysis in uses on
hundreds of biological substances. Volt-ammetry can be used to analyse dilute
chemicals , as dilute as one part per ten trillion.(10X in homeopathic terms.)
Volt-ammetry is done by measuring the oxidation-reduction potential. We have
shown that changes in volts and amps have correlates in capacitance and
inductance. Could it not be the case that these compounds that have
voltammetric signatures even at dilute quantities might leave a capacitance and
inductance signature in the water carrier of a homeopathic. This and the
resistance factors of a homeopathic might make up the signature of a
homeopathic.
This would be a tri vector signature. Kind of like the tricorder signature seen in
Star Trek. Perhaps. Fact copies fiction.
The most basic of all electro measurements is volts, amps, and
resistance. These are the components of capacitance and inductance.
Changes in amperage reflect capacitance where changes in voltage reflect
inductance. (ref Brezina ) The study of volt-ammetry is a well researched and
extremely well documented area of scientific research. Volt-ammetry is widely
used in chemical analysis. Chemicals differ in their oxidation and reduction
capacities. (ref Wang) So voltammetric analysis is used to analyse chemicals. It
can detect as low as one part in ten trillion, what might be described as 10X. (ref
Tolbert) Thus changes in volts and amperage is a universally accepted technique
in chemical analysis. (ref. Smyth) The very essence of all biochemistry indeed all
life is contingent on the volt , amperage exchange of oxidation and reduction.(ref.
Nelson, 1982, 1993, 1994, 2001, 2002, 2004)
Just as there extensive research in voltammetric analysis of
biochemistry, there is also extensive research in voltammetric analysis of
biological organisms. This has lead to several major conferences and the Annals
of the New York Academy of Sciences has devoted several volumes to the study
of bio volt-ammetry.
The major scientific research teams involved reported thousands of articles on
successful voltammetric analysis of biological organisms.(ref Annals of the New
York Academy of Sciences) The 1986 volume 473 was dedicated to the
Neurochemical Analysis of the Conscious Brain. In this volume studies were
discussed that tested several topics relative to our own research. #1. Surface

mount electrodes could be used to measure internal reactive changes of volts
and amps. #2. Volt changes relate more to catecholamines, #3 Amp changes
relate more to brain hormones (such as serotonin, dopamine, enkephalins, Gaba,
and hypothalamic neuropeptides) #4 Rapid changes in biochemistry cause
changes in conscious states and can be measured with external volt and
amperage detectors. (ref. Annals vol.473)

There has been many studies proposing resonant frequencies absorption
phenomena in homeopathic medicines. (ref. Wilkerson, White, Barney, Smith,
Nelson 1982, Popp, Frolich) The anti-resonant phenomena has been found in
some of these research treatise. There was anti-resonant effects found in
conductance ,capacitance, and inductance. This then lead to the development of
the trivector patent for homeopathic quality control. The patent was successfully
patented in Ireland and patent pending in America. This technique has been
used to develop and quality control homeopathics for over five years. Results
have been startling. (ref. Nelson, Quantum Quality Control) This technique has
been replicated by other scientists and commercially successful.
Other research on the hydrogen bonding effect has lead to a
molecular conformity theory of homeopathy. (ref. Zhalko-Titarenko O) This
theory also has under gone scientific challenge and indeed there is evidence for a
hydrogen bonding imposed conformity. It is possible that the trivector and
conformity phases of a homeopathic are just two similar ways of describing the
same phenomena.
In electronic theory the resonant frequency of a circuit is controlled
by the capacitance and inductance of the circuit. The graph in the appendix
displays this relationship. (ref. Handbook of Electronic Tables and Formulas)
Perhaps we were going backward. When we calculated the resonant frequencies
of the homeopathics the task was excessive and cumbersome. We could
measure the capacitance and inductance directly and then infer the resonant
frequency. To accomplish this feat we simply used a normal capacitance and
inductance meter. We measured these factors directly along with resistance of
the homeopathic and put our recorded values onto the resonant frequency graph.
And to our surprise there was indeed a correlation. In other words the major
anti-resonant frequency of a homeopathic could be easily determined. But If we
did not do the original frequency measure with the trivector equipment we never
could have noted this phenomena. Also there are subtle intricacies in the
frequency spectrum that this fast solution could not recover. It appears that
attempts to reduce nature to simple variables will always come up short. The
appendix contains our results. As a warning we must always resist the urge to go
to far with reductionism and assume that a little bit of knowledge is enough to

duplicate mother nature. This message is for the certain reader who invariably will
try to duplicate natural homeopathy by just running synthetic frequencies through
the patient. Be careful this is the same as the synthetic chemical companies
trying to duplicate hormones. The subtleties of nature may have profound
protective capacities. It is the recommendation of this author that this discovery
be used for quality control of natural real homeopathics , not duplicated sinthetic
ones.
Another factor to consider is the liquid crystal effect which we have
called the polymorphic structure of water. Water is not a true liquid but actually a
liquid crystal. Water has a shape memory which allows it to adapt to various
shapes , remember these shapes, and transmit them. The transmission can occur
on the shape receptors on the cell membrane.(ref. Wilkinson et all , 1992) In a
fine mathematical treatise Nelson investigates the algebraic topology of water as
a potential simulator of neurotransmitter shape receptor sites. (ref. Nelson,
1995) Could it not be that the shape memory of water is contingent on the
trivector electronic signature? Wouldn't this vector memory provide the structural
conformity to impose orientational control over the liquid crystal. Normal solid
crystals have positional and directional components. Liquid crystals do not have
positional controls and their directional controls are softer so we refer to them as
orientational.(ref Collings )
The orientation could only occur from an electrical vector so rich in dipole
saturated water. Recent research into computer screens has uncovered much
about liquid crystals.(ref. Collings)
A recent book titled Ultra High Dilution reveals corroborating research
to our own. Del Giudice theories on the memory of water, and Anagnostatos
discusses the clathrate structure potentials of water. Benveniste' article shows the
magnetic fragility of high dilution homeopathics. This is compatible to Nintze's
article. (ref, Nintze) Schulte and Endler reflect on quality control possibilities.
Possibilities that are already in use. The overall book on UHD further challenges
modern medicine to look at homeopathy in a new light.
There appears to be a dramatic increase in the research being done
on homeopathy. Books like the Ultra High Dilution and The Quantum Quality
Control are revealing the subtleties of homeopathic science. There is one
dramatic conclusion however that some homeopaths will not like. All of these
techniques and scientific theories show that combination homeopathy is a real
form of homeopathy. In fact with proper combination and engineering of
homeopathics , we can use these techniques to engineer superior forms of
homeopathy. In the study on hydrogen bonding the engineered combinations had
the greatest energy bonds.(ref Zhalko-Titarenko O) In the study on resonance
the combinations have more stable resonance. In the freezing experiment the

combinations showed a more powerful liquid crystal effect.(ref Wilkerson et al)
Combinations can be engineered for larger magnetic fields, capacitance fields or
conductance fields.(ref White, Wilkerson)
In summary combinations can with
proper engineering make far superior homeopathics. This research rings the
death bell for closed minded classical homeopaths who resist combination
homeopathy. As it does for the field of Synthetic pharmaceuticals. But it asserts
the dawning of a new age for homeopathy. A golden era of safe , natural and
effective medicine, engineered for use and safety.
MATHEMATICAL DISCUSSION:
The trivector patterns are a reflection of a topology of the homeopathic.
This is the study of shape and since the effects of homeopathy and in fact all of
biology is the shape receptors, shape or topology is the key.
So in Topology a orientation imposing conformity appears to cause the
homeopathic effect. This factor can be represented in the tri-vector approach.
Every vector space over a field has a basis. If the vector space has a basis of n elements,
we know that the dimension of the vector space is
n. The dimensions do not particularly depend on a particular bias, and also do not have to have a
cardinality of its bias in vectorial space.
If
B~ =~ (b sub 1,` b sub 2,` .`.`.,` b sub n)is a basis for a vector space
V, and if
Λ is a vector in
V~ -~ B, then since
B~ J~ [Λ] is not linearly independent, there exist elements
f sub 0`,~ f sub 1`,` .`.`.`,`` f sub n`, not all 0, in
F such that
Now
f sub 0 cannot be zero, for this would contradict the linear independence of
a vector space.
V is a vector space of dimension n over a field
F, and if
B~ =~ (b sub 1,` .`.`.,` b sub n`) is a basis for
V, then for any element
Λ of
V there exist unique elements
f sub 1`,` .`.`.,` f sub n of
Thus the analysis of our vectorial components or trivector system in homeopathy can give
us a mathematical, topological analysis in vector space to understand the home-omorphism
transfer of the imprinting of the vector signal into the water and alcohol carrier. Another
component in the analysis of topology that is important for our study of
homeopathy is compactness. The Tychonoff theorem tells us that if a topology is a collection
of compact spaces indexed by a set
A, then the product spaces of

A, and
S are compact. A compact space is countably compact.
The concept of compactness in topology refers to the ability of any organizational
structure of topological concern to try to achieve its most compact form. Thus even a grain of
salt has the same crystalline structure as a large block, because the information is in compactness.
This also must be realized in homeopathy, as even one drop of a homeopathic solution must have
the information state that is contained in the entire quantity. Compactness as a biological
theorem is a reflection of the mathematical treatise of compactness [Books: 15].
In looking at our vector space, we can see that the most common example is that of
Euclidian n space. Thus the
E sup n is the Euclidian component of
n dimensions or
n real numbers in our metric topology. If we consider
E sup n as vector space, we can analyze this through the addition of vectors and scalar
multiplication. If we do this in three dimensions of our trivector system, we can display the
following:
and
where the
a sub i's, the
b sub i's and
c are real numbers.
E sup n becomes a vector space over the field of real numbers
E sup 1. It has a basis of the form (1,0, ..., 0), (0, 1, 0, ..., 0), ..., (0, 0, ..., 0, 1). If
∗ sub {ij} is the Kronecker delta, given by
∗ sub {ij}~ =~ 1 and
∗ sub {ij}~ =~ 0,~ i~ g~ j, this basis is
(∗ sub {1`j},~ ∗ sub {2`j},` .`.`.`,~ ∗ sub n``j),~ j~ =~ 1,` 2,` .`.`.`,` n. The vector space
E sup n has dimension
n.
A set of points
H sup k in
E sup n is a k-dimensional hyperplane if there is
h~ =~ a sub 0~ +~ sum from {i=1} to k~ t
a linearly independent set of vectors (points)
sub i` `` a sub i
t sub i \real numbers
[a sub i],~ i~ =~ 1,` 2,` .`.`.`,`` k~ ~n, and a vector
a sub 0 such that
H sup k is exactly the set of all points
h, yielding

If
a sub 0~ =~ 0 bar~ =~ (0,`` 0,` .`.`.`,`` 0), then
H sup k is a k-dimensional vector subspace of
E sup n, so in general each hyper-plane is a "translation" of some vector subspace. The reader
should see that this definition reduces to that of a line in
E sup 2~ (k~ =~ 1,~ n~ =~ 2), to a line in

E sup 3~ (k~ =~ 1,~ n~ =~ 3), and to a plane in
E sup 3~ (k~ =~ 2,~ n~ =~ 3).
In geometry a set of
k~ +~ 1 points in
E sup n is geometrically independent if no
(k~ -~ 1)-dimensional hyperplane contains all the points. The algebraic equivalent of this
condition is as follows. A set
[a sub 0,~ a sub 1,` .`.`.,`a sub k] of vectors in
E sup n is pointwise independent provided that the
k vectors
a sub 1~ -~ a sub 0`,```` a sub 2~-~ a sub 0`,``` .`.`.,``` a sub k~ -~ a sub 0 are linearly
independent.
Thus our vectorial space and the vectorial components that we've analyzed through our
trivector system give us some degree of understanding the homeo-morphism transfer in a
mathematical process that explains for the process of homeopathy. The QQC device is set to use
electro-chemistry or volt-ammetry to analyze this vector relationship in three dimensions, see
(Electro-Chemistry)
In our last analysis the trivector system was utilized in a mathematical proposition.
However, there may be other vectors including photon components, virtual photon components
and other subspace dimensions which were not accounted for in our three-dimensional program.
Our further research into homeopathy might yield more dimensional understandings and further
implications.
It is the purpose of this article to put forth a theorem of mathematics that can account for
the clinical observation of the reality of homeopathic transfer into ultra-high dilutions beyond
23x. We have discussed scientific evidence, electrical evidence, clinical evidence, and
experimental evidence of homeopathy's ability. It is the purpose of this article to offer a
mathematical treatise and an introduction to the analysis of homeopathy. "Topology", by
Hocking and Young [Books: 15], is an excellent book that should be on every homeopath's shelf,
as it is truly a mathematical analysis of the proposition of homeopathic transfer of information.
Also, it appears that lactose, or sugar pills used on some forms of a solid type of
homeopathy, are not proper carriers of the homeomorphism effect. The transfer works on a polar
substance such as water. The non-polar sugar pill might absorb some water and thus have some
limited effects. Experimental research has validated this fact as that most successful research in
homeopathy comes from water carriers not sugar pills.
The liquid crystal effect as well as the homeomorphism discussed in this paper do not
apply well mathematically to the lactose pills. If the lactose pills do not actually have the
chemistry of the homeopathic entity in them, it remains to be seen how the lactose pill could
become a transfer of the homeomorphism information.

CONCLUSIONS
#1 Homeopathy has a tri component resonant frequency ( Conductance, Capacitance,
Inductance ) (Volts, Amps Resistance) the trivector

#2 Homeopathy has a static volt-ammetric component ( there is also a conductance vector but
we need at least two vectors the chart the system, simple resistance is not enough)
#3 Patients also have a reactive volt-ammetric profile ( There appears to be some degree of
compatibility in testing)
#4 Homeopathy has a Liquid Crystal Effect ( the polymorphic structure of a polar substance
such as water)
#5 The Liquid Crystal Effect needs a trivector signal to conserve the orientational stability.
#6 There is a conformity imposed on a homeopathic relating to the hydrogen bonding capacity.
#7 The calculated resonant frequency is compatible with the measured resonant frequency
#8 Combining homeopathics allows for engineering effects and liquid crystal types.
#9 There is agreement between the scientific theories and the clinical observations in
homeopathy.
#10 These techniques can be used for quality control of homeopathic development and
production. The QQC has been used for two decades of clinical use and scientific legalized
therapy world wide.
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QQC, A DEVICE FOR MEASURING
THE ELECTRONIC SIGNATURE OF HOMEOPATHY
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THE TRIVECTOR ANALYSIS OF
HOMEOPATHIC MEDICATIONS
BY
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ABSTRACT:
There is evidence for resonant and anti resonant
frequencies of different biological substances. There is also some
research there is the same in homeopathic medicines. These
Homeopathics also have capacitance and inductance fields that can
be measured. When challenged trace substances reveal volt and
amperage profiles from oxidation and reduction reactions.
Volt-ammetry is traditionally used in analytic chemistry. The basic
capacities of electronics are voltage, amperage, and resistance. They
are mathematically related in Ohms law. There are other
mathematical relations that relate capacitance and induction as
variables. The resonant frequency is a mathematical relation of
capacitance and inductance.
This article brings all of these factors together in a single
precept. That a biological substance or a homeopathic can posses an
electronic signature. This signature will be a tri-vector signal

parallelling the right hand rule of electronics. This rule states that as an
electron moves , it generates a magnetic field at 90 degrees and then
a static field at another ninety degrees. Thus the conductance ,
inductance , and capacitance field of a homeopathic makes up its'
trivector electronic signature.

INTRODUCTION
Biological substances react through the process of oxidation
and reduction this process causes a change in volt and amperage
potential. (ref Wilkerson, White, Barney, Smith, Nelson 1982, Popp,
Frolich ). The traditional study of voltammetry has thousands of articles
and years of research behind it . It is well known that substances have
particular and specific voltammtery identities. In the book
Voltammetry Molecules of Biological Significance Smyth explains the
process of voltammetrical analysis in uses on hundreds of biological
substances. Voltammetry can be used to analyse dilute chemicals , as
dilute as one part per ten trillion.(10X in homeopathic terms.)
Voltammetry is done by measuring the oxidation-reduction potential.
We have shown that changes in volts and amps have correlates in
capacitance and inductance. Could it not be the case that these
compounds that have voltammetric signatures even at dilute quantities
might leave a capacitance and inductance signature in the water
carrier of a homeopathic. This and the resistance factors of a
homeopathic might make up the signature of a homeopathic.

This would be a tri vector signature. Kind of like the tricorder
signature seen in Star Trek. Perhaps. Fact copies fiction.
The most basic of all electro-chemical measurements is
volts, amps, and resistance. These are the components of
capacitance and inductance. Changes in amperage reflect
capacitance where changes in voltage reflect inductance. (ref
Brezina ) The study of voltammetry is a well researched and extremely
well documented area of scientific research. Voltammetry is widely
used in chemical analysis. Chemicals differ in their oxidation and
reduction capacities. (ref Wang) So voltammetric analysis is used to
analyse chemicals. It can detect as low as one part in ten trillion,
what might be described as 10X. (ref Tolbert) Thus changes in volts
and amperage is a universally accepted technique in chemical
analysis. (ref. Smyth) The very essence of all biochemistry indeed all
life is contingent on the volt , amperage exchange of oxidation and
reduction.(ref. Nelson, 1982)
Just as there extensive research in voltammetric analysis
of biochemistry, there is also extensive research in voltammetric
analysis of biological organisms. This has lead to several major
conferences and the Annals of the New York Academy of Sciences
has devoted several volumes to the study of bio voltammetry.
The major scientific research teams involved reported thousands of
articles on successful voltammetric analysis of biological
organisms.(ref Annals of the New York Academy of Sciences) The
1986 volume 473 was dedicated to the Neurochemical Analysis of the
Conscious Brain. In this volume studies were discussed that tested
several topics relative to our own research. #1. Surface mount

electrodes could be used to measure internal reactive changes of volts
and amps. #2. Volt changes relate more to catecholamines, #3 Amp
changes relate more to brain hormones (such as serotonin, dopamine,
enkephalins, Gaba, and hypothalamic neuropeptides) #4 Rapid
changes in biochemistry cause changes in conscious states and can
be measured with external volt and amperage detectors. (ref. Annals
vol.473)
In 1983 I developed a trivector system of analyzing the
volt-ammetric signature of a compound. I developed a three
dimensional system I refer to as the trivector. The basic theory was to
make a volt-ammetric- electro-chemistry analysis system that would be
as similar to the actual process in the body. So the volt-ammetric test
should use volts and amps similar to the actual body potentials. Thus
the measured volt-ammetric signature would be very similar to the
actual body natural processes. Just as the receptor sites in the body
respond to a volt-ammetric signature of a biological style. If we make a
similar signal we can test the reactivity of the body and we get the
trivector EPFX / SCIO.
It must be pointed out that there indeed a volt-ammetric
electro-chemical field that surrounds all substances. All substances
have electrons in quantic states in an outer shell. These electrical
atomic components react with receptor sites in ways that trigger the
receptor to stimulate. There is not a lock and key as the chemical
analogy tells us. There are no rods and balls as the other used
analogy of chemistry tells us. The better analogy is a magnetic strip,
where one type of field triggers a pattern recognition. An information
transfer of an energetic electronic nature. There is an undeniable

energetic transfer of information on a shape receptor. The atoms and
molecules are just a condensation of the information state. Biology is
electro-chemical.
Now imagine a scientist electrical engineer who has developed a
system of three dimensional volt-ammetry electro-chemical analysis
using a similar to the body natural volt and amp levels. A sophisticated
computer polograhic chemical analysis to reveal as natural a trivector
energetic signal as possible. He patents parts of the process,
trademarks it, documents it scientifically in a ISSN medical journal,
registers it with the EC, clinically tests it for over twenty years, and
proves it safe and effective with hundreds of studies. You don’t not
need to imagine, for DR. Nelson has done it.
Now a safe bio-compatible three dimensional electro-chemical
signal of a nosode, allersode, isode, sarcode, and classic homeopathic
can be sent into the body and the trivector reactive signal of the patient
can be measured. These reactive patterns are significant of the
disease patterns of the patient. The EPFX / SCIO was born on Oct 13,
1989.
There has been many studies proposing resonant
frequencies absorption phenomena in homeopathic medicines. (ref.
Wilkerson, White, Barney, Smith, Nelson 1982, Popp, Frolich) The
anti-resonant phenomena has been found in some of these research
treatise. There was anti-resonant effects found in conductance
,capacitance, and inductance. This then lead to the development of the
trivector patent for homeopathic quality control. The patent was
successfully patented in Ireland and patent pending in America. This
technique has been used to develop and quality control homeopathics

for over five years. Results have been startling. (ref. Nelson,
Quantum Quality Control) This technique has been replicated by
other scientists and commercially successful.
Other research on the hydrogen bonding effect has lead
to a molecular conformity theory of homeopathy. (ref.
Zhalko-Titarenko O) This theory also has under gone scientific
challenge and indeed there is evidence for a hydrogen bonding
imposed conformity. It is possible that the trivector and conformity
phases of a homeopathic are just two similar ways of describing the
same phenomena.

In electronic theory the resonant frequency of a circuit is
controlled by the capacitance and inductance of the circuit. The
graph in the appendix displays this relationship. (ref. Handbook of
Electronic Tables and Formulas) Perhaps we were going backward.
When we calculated the resonant frequencies of the homeopathics the
task was excessive and cumbersome. Could we not measure the
capacitance and inductance directly and then infer the resonant
frequency? To accomplish this feat we simply used a normal
capacitance and inductance meter. We measured these factors
directly along with resistance of the homeopathic and put our recorded
values onto the resonant frequency graph. And to our surprise there
was indeed a correlation. In other words the major anti-resonant
frequency of a homeopathic could be easily determined. But If we did
not do the original frequency measure with the trivector equipment we
never could have noted this phenomena. Also there are subtle
intricacies in the frequency spectrum that this fast solution could not

recover. It appears that attempts to reduce nature to simple variables
will always come up short. The appendix contains our results. As a
warning we must always resist the urge to go to far with reductionism
and assume that a little bit of knowledge is enough to duplicate
mother nature. This message is for the certain reader who invariably
will try to duplicate natural homeopathy by just running synthetic
frequencies through the patient. Be carefull this is the same as the
synthetic chemical companies trying to duplicate hormones. The
subtleties of nature may have profound protective capacities. It is the
recommendation of this author that this discovery be used for quality
control of natural real homeopathics , not duplicated sinthetic ones.
Another factor to consider is the liquid crystal effect
which we have called the polymorphic structure of water. Water is not
a true liquid but actually a liquid crystal. Water has a shape memory
which allows it to adapt to various shapes , remember these shapes,
and transmit them. The transmission can occur on the shape receptors
on the cell membrane.(ref. Wilkinson et all , 1992) In a fine
mathematical treatise Nelson investigates the algebraic topology of
water as a potential stimulator of neurotransmitter shape receptor
sites. (ref. Nelson, 1995) Could it not be that the shape memory of
water is contingent on the trivector electronic signature? Wouldn't this
vector memory provide the structural conformity to impose
orientational control over the liquid crystal. Normal solid crystals have
positional and directional components. Liquid crystals do not have
positional controls and their directional controls are softer so we refer
to them as orientational.(ref Collings )

The orientation could only occur from an electrical vector so rich in
dipole saturated water. Recent research into computer screens has
uncovered much about liquid crystals.(ref. Collings)
THE VOLT-AMMETRIC SIGNATURE
Electro-Chemistry has been a respected and developed science
for many decades. Thousands of articles and books have been written on
the subject. It is also known as polography.
A three-dimensional (Trivector) topological electro field can be
measured which shows the relationships among various time-dependent
volt-ammetric techniques using micro electrodes. Intersections of the
surface with appropriately oriented planes represent conventional
polarography, chronopotentiometry, polarography at a stationary electrode,
and constant-potential voltammetry.

Homeopathy is dependent on

a shape transfer process. The activation of neuro-emotional shape
receptors can offer an explanation of homeopathy. Our trivector
three-dimensional topological field time-dependent voltammetric techniques
offers a good compatibility with the trivector resonance system. This has
been shown to provide an accurate system of homeopathic analysis. This
article will only deal with the three-dimensional topological field
time-dependent voltammetric techniques as part of a whole system for
homeopathic shape analysis.

Scientific Principles of Voltammetric Trivector Analysis
1. The liquid crystal nature of the polar substance water is a well known
scientific principle.
2. The memory of water to retain and return to it’s crystal polymorphic
shape structure is also well known.
3. Electrochemistry (polarography, Polography, chronopotentiometry,
volt-ammetry) are standard accepted scientific principle. of modern
chemistry for chemical analysis.
4. The dynamics of the chemical information transfer of hormones through
shape receptors in the cell is the basis of all pharmacology. All hormones
work by stimulating these shape receptors. The plasticity of these receptors
has allowed synthetic chemistry to appear to work. Shape receptor stimulus
is our fourth scientific principle.
These four well known scientific facts offers us an explanation for
understanding and proving high potency homeopathy as a medical
treatment. This science also offers us a superb homeopathic quality
control procedure. Now homeopathy can be proven, tested, understood,
and defended with these scientific principles.
The principle of water’s liquid crystal shape capacity and homeopathy
was demonstrated by Nelson in 1997 (IJMSH). Here several homeopathics
were frozen and analyzed for repeatability. In this journal the
electrochemical reactivity of homeopathic remedies were also well
determined. The analysis of conductive resonance, magnetic resonance,
and capacitance states were proven a window of examination analysis.
Voltammetry or electrochemistry offers a potential more efficient and
accurate system of examination. A trivector voltammetric analysis has
been done by others, and a refined variation of this process has proven
valuable for homeopathy.

Water is a polar substance. It has a small magnetic pole. If we
place a plastic comb rubbed with fur next to a small trickle flow of water we
can see the water flow bend towards the electrically static charged comb.
This polar nature of water allows it to take a shape. As that water is a liquid
crystal at temperatures from 0 Celsius to 55 Celsius. at temperatures
above this the kinetic energy of the heat destroys the polar nature.
Next we put different metal electrodes into a container of the
water homeopathic to be tested. There will be an electro potential
established between the electrodes. As we pass a changing voltage
current thru the water based homeopathic the current or amperage
potential will change at the electrodes. This volt-ammetric reading is
different for each substance. Because the liquid crystal effect of water will
make a distinct pattern that is reflective of the different shape.
The shape of the liquid crystal polar water reflects and
resonates the flow of the current and it’s variant voltage. Just as the shape
of a canyon determines the style of the echo that resonates thru it when
you call. The shear lines and crystal boundaries have a signature effect on
the output. Each substance has a different volt-ammetric trivector
signature.
Just as our shape receptors in our nose and tongue detect a
shape (taste and smell), the shape of the homeopathic is also detected by
the volt-ammetric process. It is the volt-ammetric signature that is
responsible for the phenomena of taste and smell. The reactive receptors
detect the volt-ammetric signature to react. This shape detection is a three
dimensional process, so we have called it the trivector. After the three
vectors of electronic theory.
For almost two decades, researchers and clinicians have
found the trivector items EPR (electro-physiological-Reactivity) to be very
accurate. They have reported astounding verification of the EPR validity of
the QQC trivector readings. They have been acurate in measuring
nosodes, isodes, allersodes, sarcodes, and classic homeopathics.

The subjects had a strong tendency to electrically react
to items that were irregular or abnormal in many types of tests. Tests
on isodes, allersodes, nosodes, sarcodes and classical
homeopathics. But since the accuracy was only approximately 80%,
There was a need for a disclaimer to consider the results
pre-diagnostic as best and to confirm any reading with proper
medical techniques.
A book titled Ultra High Dilution reveals corroborating research
to our own. Del Giudice theories on the memory of water, and
Anagnostatos discusses the clathrate structure potentials of water.
Benveniste' article shows the magnetic fragility of high dilution
homeopathics. This is compatible to Nintze's article. (ref, Nintze) Schulte
and Endler reflect on quality control possibilities. Possibilities that are
already in use. The overall book on UHD further challenges modern
medicine to look at homeopathy in a new light.
There appears to be a dramatic increase in the research being
done on homeopathy. Books like the Ultra High Dilution and The
Quantum Quality Control are revealing the subtleties of homeopathic
science. There is one dramatic conclusion however that some homeopaths
will not like. All of these techniques and scientific theories show that
combination homeopathy is a real form of homeopathy. In fact with proper
combination and engineering of homeopathics , we can use these
techniques to engineer superior forms of homeopathy. In the study on
hydrogen bonding the engineered combinations had the greatest energy
bonds.(ref Zhalko-Titarenko O) In the study on resonance the
combinations have more stable resonance. In the freezing experiment the
combinations showed a more powerful liquid crystal effect.(ref Wilkerson et
al) Combinations can be engineered for larger magnetic fields, capacitance
fields or conductance fields.(ref White, Wilkerson)
In summary
combinations can with proper engineering make far superior
homeopathics. This research rings the death bell for closed minded
classical homeopaths who resist combination homeopathy. But it asserts

the dawning of a new age for homeopathy. A golden era of safe , natural
and effective medicine, engineered for use and safety..
VALIDATION:
To validate the concept of the QQC and it’s ability to measure the
electrical signature of a homeopathic, a simple blind test was designed.
Seven doctors were chosen to select 10 homeopathic each from a
selection of one hundred and fifty. The contents were transferred to an
unlabeled bottle by the doctors. The doctors were aware of the substances
and they labelled them numbers one to ten. These were returned to QQC
analysis. The point was to see if the re QQC could find the specific
signatures and prove the validity of the QQC.
The recheck results were as follows:
Test Subject 1
90% 9 out of ten
Test Subject 2
90% 9 out of ten
Test Subject 3
80% 8 out of ten
Test Subject 4
100% 10 out of ten
Test Subject 5
70% 7 out of ten
Test Subject 6
80% 8 out of ten
Test Subject 7
90% 9 out of ten
overall 59 out of 70 for an accuracy of 85%
the misses were all variance of slight differences of QQC scores.

SUMMARY
#1 Homeopathy has a tri component resonant frequency ( Conductance,
Capacitance, Inductance )
#2 Homeopathy has a voltammetric component ( there is also a
conductance vector but we need at least two vectors the chart the system,
simple resistance is not enough)
#3 Patients also have a voltammetric profile ( There appears to be some
degree of compatibility in testing)
#4 Homeopathy has a Liquid Crystal Effect ( the polymorphic structure)

#5 The Liquid Crystal Effect needs a trivector signal to conserve the
orientational stability.
#6 There is a conformity imposed on a homeopathic relating to the
hydrogen bonding capacity.
#7 The calculated resonant frequency is compatible with the measured
resonant frequency
#8 Combining homeopathics allows for engineering effects and liquid
crystal types.
#9 There is agreement between the scientific theories and the clinical
observations in homeopathy.
#10 These techniques can be used for quality control of homeopathic
development and production.

DISCUSSION:
So in summary a orientation imposing conformity appears to
cause the homeopathic effect. This factor
can be represented in the tri-vector approach.
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Quantitative analysis of the response of an electrochemical biosensor for
progesterone in milk
Xu YF, Velasco-Garcia M, Mottram TT.
Silsoe Research Institute, Bedfordshire MK45 4HS, UK. yongfu.xu@bbsrc.ac.uk
An electrochemical biosensor for progesterone in cow's milk was developed and
used in a competitive immunoassay by Hart et al. (1977, Studies towards a
disposable screenprinted amperometric biosensor for progesterone, Biosens.
Bioelectron. 12, 1113-1121). The sensor was fabricated by depositing antiprogesterone monoclonal antibody (mAb) onto screen-printed carbon electrodes
(SPCEs) which were coated with rabbit anti-sheep IgG (rIgG). This sensor was
operated following the steps of competitive binding between sample and conjugate
(alkaline-phosphatase-labelled progesterone) for the immobilised mAb sites and
measurements of an amperometric signal in the presence of p-nitrophenylphosphate
using either colorimetric assays or cyclic voltammetry. The hook effect of the
progesterone biosensor was found in the concentration range of milk progesterone
between 0 and 5 ng/ml when the sensor was fabricated using a loading of 25 ng
rIgG per electrode of a diameter of 3 mm and a 1/50 dilution of mAb. A computer
model has been developed in this study to simulate the operation of this
progesterone biosensor with consideration of the fabrication processes. This paper
presents the results of validating the computer model and the model has predicted
the hook effect as observed in tests. The model thus reveals that the hook effect is
determined by the total number of binding sites available and the rates of labelled
and unlabelled progesterone diffusing towards the sensor surface and the binding
rates.
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Quantitative evaluation of oxidative stress, chronic inflammatory indices
and leptin in cancer patients: correlation with stage and performance
status.
Mantovani G, Macciò A, Madeddu C, Mura L, Gramignano G, Lusso MR,
Mulas C, Mudu MC, Murgia V, Camboni P, Massa E, Ferreli L, Contu P,
Rinaldi A, Sanjust E, Atzei D, Elsener B.
Department of Medical Oncology, University of Cagliari, Cagliari, Italy.
mantovan@pacs.unica.it
In advanced cancer patients, the oxidative stress could take place either at the onset
of disease or as a function of disease progression. To test this hypothesis, the
following parameters were investigated: the erythrocyte activity of the enzymes
superoxide dismutase (SOD) and glutathione peroxidase (GPx), the serum activity
of glutathione reductase (GR) and the serum total antioxidant status (TAS). The
total antioxidant capacity of plasma LMWA was evaluated by the cyclic
voltammetry methodology. We further determined the serum levels of
proinflammatory cytokines (IL-6 and TNFalpha), IL-2, leptin and C-reactive protein
(CRP). All of these parameters have been correlated with the most important
clinical indices of patients such as Stage of disease, ECOG PS and clinical response.
Eighty-two advanced stage cancer patients and 36 healthy individuals used as
controls were included in the study. Our findings show that SOD activity was
significantly higher in cancer patients than in controls and GPx activity was
significantly lower in cancer patients than in controls. Serum values of IL-6,
TNFalpha and CRP were significantly higher in patients than in controls. Serum
leptin values of cancer patients were significantly lower than controls. SOD activity
increased significantly from Stage II/ECOG 0-1 to Stage IV/ECOG 0-1, whereas it
decreased significantly in Stage IV/ECOG 3. GPx activity decreased significantly in
Stage IV/ECOG 2-3. An inverse correlation between ECOG PS and serum leptin
levels was found. Serum levels of IL-2 decreased from Stage II/ECOG 0-1 to Stage
IV/ECOG 2-3. A direct correlation between Stage/ECOG PS and serum levels of
both IL-6 and CRP was observed. Cisplatin administration induced a significant
increase of GPx after 24 hr. In conclusion, this is the first study that shows that
several "biological" parameters of cancer patients such as antioxidant enzyme
activity, cytokines, leptin and CRP strictly correlate with the most important clinical
parameters of disease such as Stage and ECOG PS. Copyright 2001 Wiley-Liss, Inc.
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Quantum ElectroDynamics
QED as a Basis for Biology
Light Interacts with Matter
Edited by William Nelson Prof. Emeritus of IMUNE

Ages ago man had thoughts of the nature of his reality. He designed a
scientific system of analysis to start to explain his world and the observations he
had of things. The human senses can be fooled. the perception is very limited to
the types of observation we can make. we only see a small part of the light
spectrum, we call this visible light. Primitive man made theries to explain things.
He made belief systems to explain science. There were many that have made
large advances such as Newton. Newtonian theory was indeed a massive
advancement. But it did not explain everything. Mendelev made observations. He
saw that there were similarities of compounds. with no idea of why he made a
table to catagorize his observations of chemicals. Newton and Mendelev made
chemistry so dynamic, and it was king of science over two hundred years ago.
Then the advent of electronics. Electricity was then explored and a new
set of rules were made. One hundred years ago electricity stepped up to explain
more and more. But still so much was not explained. In the last hundred years
the theory of Quantum Physics was the next advancement. And over the last 60
years the advent of QED has been hailed the KIng of current science. The next
step of science to come is the subspace connection of consciousness as a basis
of the universe and science. there is and will always be advancements in science
to broaden our understanding. In this article we will review QED. All of science
has come to learn of the new advancements such as non-linear analysis of
fractals, chaos theory, QED, electronics, ect. All of science except medicine.
Even though medical science has used these advancements to make devices
that can analyse the body, medicine has failed to use these advancements to
explian the body processes. MRI, Cat scans, x-ray, and many others are used to
see inside the body. But medicine greatly resists the ides of QED and
photosynthesis in nature. To embrace these advancements would be to discover
that the synthetic drugs are incompatible with the human. And thus would
destroy a large greedy industry. The Classical sciences of Newton and Mendelev
are not capable of describing life in it's complexity. Let's now explore the basis
of QED.
The theory of interaction of light with matter is called Quantum ElectroDynamics QED. Simply put, QED tells us that any miniscule quantum change in
a part of matter will invole the release or absorption of a photon. When an
electron absorbs a photon it jumps to a higher quantic energy state. When it
releases the photon it goes to a lower state. Also there are virtual particles
especially virtual photons coming in and out of existance in the universe. The
subject is made to appear more difficult than it actually is by the very many

overly complex mathematics that constitute the proof of the theory. One of the
simplest is that of Fermi. We start by just postulating for the emission or
absorption of photons.
FERMI'S METHOD
Precept 1
Suppose all the atoms of the universe are in a box. Classically the box
may be treated as having natural modes (or quantic states)describable in terms
of a distribution of harmonic oscillators with coupling between the oscillators and
matter.
The transition to quantum electrodynamics involves merely the assumption
that the oscillators are quantum mechanical instead of classical. They then have
energies (n + 1/2)ћω, n = 0, 1 ..., with zero-point energy 1/2 ћω. The box is
considered to be full of photons with a distribution of energies nћω. The
interaction of photons with matter causes the number of photons of type n to
increase by ± 1 (emission or absorption).
Waves in a box can be represented as plane standing waves, spherical
waves, or plane running waves exp (iK • x). One can say there is an
instantaneous Coulomb interaction e 2 /r ij between all charges plus transverse
waves only. Then the Coulomb forces may be put into the Schrödinger equation
directly. Other formal means of expression are Maxwell's equations in
Hamiltonian form, field operators, etc).
Fermi's technique leads to an infinite self-energy term e 2 /r ii .It is possible
to eliminate this term in suitable coordinate systems but then the trans-verse
waves contribute an infinity (interpretation more obscure). This anomaly was one
of the central problems of modern quantum electrodynamics.
Precept 2

LAWS OF QUANTUM ELECTRODYNAMICS
Without justification at this time the "Rules of Quantum ElectroDynamics"
will be stated as follows:
1.The amplitude that an atomic system will absorb a photon during the
process of transition from one state to another is exactly the same as the
amplitude that the same transition will be made under the influence of a potential
equal to that of a classical electromagnetic wave representing that photon,
provided: (a) the classical wave is normalized to represent an energy density
equal to ħω times the probability per cubic centimeter of finding the photon; (b)
the real classical wave is split into two complex waves e -iωt and e +iωt , and the only
e -iωt part is kept; and (c) the potential acts only once in perturbation; that is,
only terms to first order in the electromagnetic field strength should be retained.
Replacing the word "absorbed" by " e m i t " in rule 1 requires only that the
wave represented by exp (+iωt) be kept instead of exp (-iωt).
2.The number of states available per cubic centimeter of a given polarization is

d³ K/(27π) 3
Note this is exactly the same as the number of normal modes per cubic centimeter in classical theory.
3. Photons obey Bose-Einstein statistics. That is, the states of a collection
of identical photons must be symmetric (exchange photons, add amplitudes).
Also the statistical weight of a state of n identical photons is 1 instead of the
classical n!
Thus, in general, a photon may be represented by a solution of the classical Maxwell equations if properly normalized.
Although many forms of expression are possible it is most convenient to
describe the electromagnetic field in terms of plane waves. A plane wave can
always be represented by a vector potential only (scalar potential made zero by
suitable gauge transformation). The vector potential representing a real classical
wave is taken as

A = ae cos (ωt K •x)
We want the normalization of A to correspond to unit probability per cubic
centimeter of finding the photon. Therefore the average energy density should be
11ω.
Now

E = (1/c)(∂A/∂t) = (ωa/c) e sin (ωt - K • x)
And

|E| = |B|
for a plane wave. Therefore the average energy density is equal to

Setting this equal to ħω we find that

Hence we take the amplitude that an atomic system will absorb a photon
to be

For emission the vector potential is the same except for a positive exponential.
Example: Suppose an atom is in an excited state ¥ᵢ with energy Ei and
makes a transition to a final state ¥f with energy Ef . The probability of transition per
second is the same as the probability of transition under the influence of a vector
potential ae exp[+i(ωt - K •X)] representing the emitted photon. According to the laws
of quantum mechanics (Fermi's golden rule).

The matrix element Ufi = │f(potential)i│is to be computed from perturbation
theory. This is explained in more detail in the next lecture. First, however, we shall note
that more than one choice for the potential may give the same physical results. (This is
to justify the possibility of always choosing ᶲ = 0 for our photon).
Precept 3
The representation of the plane-wave photon by the potentials

A(x, t) = ae exp [–i(ωt – K • x)]

ᶲ=0
is essentially a choice of "gauge." The fact that a freedom of choice exists
results from the invariance of the Pauli equation to the quantum-mechanical
gauge transform.
The quantum-mechanical transformation is a simple extension of the
classical, where, if

leave E and B invariant.
In quantum mechanics the additional transformation of the wave
function

¥'=e-ix
is introduced. The invariance of the Pauli equation is shown as follows. The
Pauli equation is

Then, since

The partial derivative with respect to time introduces a term (∂x/∂t)¥e-ix, and
this may be included with ᶲe-ix¥. Therefore the substitutions

leave the Pauli equation unchanged.
The vector potential A as defined for a photon enters the Pauli
Hamiltonian as a perturbation potential for a transition from state i to state f.
Any time-dependent perturbation which can be written

∆H = eiωt U(x,y,z)
results in the matrix element Ufi given by

This expression indicates that the perturbation has the same effect as a
time-independent perturbation U(x,y,z) between initial and final states whose
energies are, respectively, Ei-ωħl and Ef. As is well known the most important
contribution will come from the states such that Ef = Ei - ωħ.
Using the previous results, the probability of a transition per second is

To determine Ufi, write

Because of the rule that the potential acts only once, which is the
same as requiring only first-order terms to enter, the term in A • A does not
enter this problem. Making use of A = ae exp [–i(ωt – K • x)] and the two
operator relations

where K.e = 0 (which follows from the choice of gauge and the Maxwell
equations), we may write

This result is exact. It can be simplified by using the so-called "dipole"
approximation. To derive this approximation consider the term
(e/2mc)(p•ee +iK•x ) which is the order of the velocity of an electron in the atom,
or the current. The exponent can be expanded.

K. x is of the order a0 /ƛ, where a0 = dimension of the atom and ƛ = wave-length. If
a0/ƛ<< 1, all terms of higher order than the first in a0 /ƛ may be neglected. To complete
the dipole approximation, it is also necessary to neglect the last term. This is easily done

since the last term may be taken as the order of (ħK/mc) ≈ (ħKc/mc2) (mv2/2mc2).
Although such a term is negligible even this is an overestimate. More correctly,

The matrix element is

A good approximation allows the separation

Then to the accuracy of this approximation the integral is

since the states are orthogonal.
For the present, the dipole approximation is to be used. Then

Using operator algebra, p fi /m = ħω fi xfi , so that

Precept 4

Absorption of Light. The amplitude to go from state k to
state 1 in time T (Fig. 4-1) is given from perturbation theory by

where the time dependence of Uk1 (t) is indicated by writing

U1k (t) = u1k e-iωt
(In accord with the rules of Lecture 2, the argument of the exponential is
minus and only terms which are linear in the potential are included.) Using
this time dependence and performing the integration,

This is the probability that a photon of frequency ω traveling in direction (θ,Φ)
will be absorbed. The dependence on the photon direction is contained in the
matrix element u1k. For example, see Eq. (4-1) for the directional dependence
in the dipole approximation.
If the incident radiation contains a range of frequencies and directions,
that is, suppose

and the probability of absorption of any photon traveling in the (θ,Φ) direction
is desired, it is necessary to integrate over all frequencies. This absorption
probability is

when T is large, the factor (∆)-2 sin2(∆T/2ħ) has an appreciable value only for
hw near E1 – Ek, and P(ω,θ,Φ) will be substantially constant over the small
range in ω which contributes to the integral so that it may be taken out of the
integral. Similarly for u1k, so that

Trans. prob. = 2π(ħ) -1 │ u1k │² P(ω1k,θ,Φ)dΩ
where

ħω1k = (E1 – E k)
This can also be written in terms of the incident intensity (energy crossing
a unit area in unit time) by noting that

Intensity = i(ω,θ,Φ)dω dΩ
Thus

Trans. prob. = 2π(ħ) -1 │ u1k │² (ħω1k c) -1i (ω1k,θ,Φ) dΩ
Using the dipole approximation, in which

the total probability of absorption (per second) is

It is evident that there is a relation between the probability of
spontaneous emission, with accompanying atomic transition from state 1
to state k,

and the absorption of a photon with accompanying atomic transition from
state k to state 1, Eq. (4-1), although the initial and final states are
reversed since │u1k│ = │uk1│ . This relation may be stated most simply in
terms of the concept of the probability n(ω,θ,Φ) that a particular photon
state is occupied. Since there are (2πc)-1 dΩ photon states in frequency
range dω and solid angle dΩ, the probability that there is some photon
within this range is

Expressing the probability of absorption in terms of n(ω,θ,Φ),

This equation may be interpreted as follows. Since n(ω,θ,Φ) is the probability that a photon state is occupied, the remainder of the terms of the
right-hand side must be the probability per second that a photon in that
state will be absorbed. Comparing Eq. (4-4) with the rate of spontaneous
emission shows that

In what follows, it will be shown that Eq. (4-4) is correct even when
there is a possibility of more than one photon per state provided

n(ω,θ,Φ) is taken as the mean number of photons per state.
If the initial state consists of two photons in the same photon
state, it will not be possible to distinguish them and the statistical weight
of the initial state will be 1/2! However, the amplitude for absorption will
be twice that for one photon. Taking the statistical weight times the
square of the amplitude for this process, the transition probability per
second is found to be twice that for only one photon per photon state.
When there are three photons per initial photon state and one is
absorbed, the following six processes (shown on Fig. 4-2) can occur.

Any of the three incident photons may be absorbed and, in
addition, there is the possibility that the photons which are not absorbed
may be interchanged. The statistical weight of the initial state is 1/3!,
the statistical weight of the final state is 1/2! , and the amplitude for the
process is 6. Thus the transition probability is (1/3!)(1/2!)(6) 2 = 3 times
that if there were one photon per initial state. In general, the transition
probability for n photons per initial photon state is n times that for a
single photon per photon state, so Eq. (4-4) is correct if n(ω,θ,Φ) is
taken as the mean number of photons per state.
A transition that results in the emission of a photon may be
induced by incident radiation. Such a process (involving one incident
photon) could be indicated diagrammatically, as in Fig. 4-3.

One photon is incident on the atom and two indistinguishable
photons come off. The statistical weight of the final state is 1/2! and
the amplitude for the process is 2, so the probability of emission for
this process is twice that of spontaneous emission. For n incident
photons the statistical weight of the initial state is 1/n!, the statistical
weight of the final state is 1/(n + 1) !, and the amplitude for the process
is (n + 1) ! times the amplitude for spontaneous emission. The
probability (per second) of emission is then n+1 times the probability of
spontaneous emission. The n can be said to account for the induced
part of the transition rate, while the 1 is the spontaneous part of the
transition rate.
Since the potentials used in computing the transition probability
have been normalized to one photon per cubic centimeter and the
transition probability depends on the square of the amplitude of the
potential, it is clear that when there are n photons per photon state the
correct transition probability for absorption would be obtained by
normalizing the potentials to n photons per cubic centimeter (amplitude
√n times as large). This is the basis for the validity of the so-called
semiclassical theory of radiation. In that theory absorption is calculated
as resulting from the perturbation by a potential normalized to the
actual energy in the field, that is, to energy nħω) if there are n
photons. The correct transition probability for emission is not obtained
this way, however, because it is proportional to n+1. The error
corresponds to omitting the spontaneous part of the transition probability. In the semiclassical theory of radiation, the spontaneous part of
the emission probability is arrived at by general arguments, including
the fact that its inclusion leads to the observed Planck distribution
formula. Einstein first deduced these relationships by semiclassical
reasoning.
Light absorption is is the key to the process of photosynthesis.
The light of the sun is absorbed by the plant which converts low energy
electrons around the nuclei of minerals and nutrients from the soil, to

high energy electrons around the plant products. The animal then eats
the plant and gets the energy of the "Hot Electrons" to make ADP and
ATP the needed compounds of life. The low energy ionic bonds of the
minerals are converted to high energy co-valent bonds in plants and
animals. The master equation of life is in the next diagram:

Only thru QED can we start to understand life. But this proves
that the synthetic chemicals are incompatible with the animal kingdom.
Only nature knows the secrets of the proper energy states for the outer
electrons. A secret the SINthetic chemical companies do not know.
Precept 5

Selection Rules in the Dipole Approximation. In the
dipole approximation the appropriate matrix element is

The components of of xif are xif, yif, zif and

Selection rules are determined by the conditions that cause this matrix element to vanish. For example, if in hydrogen the initial and final states are S
states (spherically symmetrical), Xif = 0 and transitions between these states
are "forbidden." For transitions from P to S states, however, xif ≠ 0 and they
are "allowed.”
In general, for single electron transitions, the selection rule is

∆L = ±1
This may be seen from the fact that the coordinates x, y, and z are essentially the Legendre polynomial P1. If the orbital angular momentum of the
initial state is n, the wave function contains P n. But

Hence for the matrix element not to vanish, the angular momentum of final
state must be n±1, so that its wave function will contain either Pn+1 or Pn-1.
For a complex atom (more than one electron), the Hamiltonian is

The transition probability is proportional to │Pn+1│²=│Σ(Pα)mn│, where the
sum is over all the electrons of the atom. As has been shown, (Pα)mn is the
same, up to a constant, as (xα)mn, and the transition probability is proportional to

In particular, for two electrons the matrix element is

x1 + x2 behaves under rotation of coordinates similarly to the wave function
of some "object" with unit angular momentum. If the "object" and the atom in
the initial state do not interact, then the product (x1 + x2) ¥I (x1x2), can be
formally regarded as the wave function of a system (atom + object) having
possible values of Ji + 1, Ji , and Ji - 1 for total angular momentum. Therefore
the matrix element is nonzero only if Jf, the final angular momentum, has one
of the three values Ji ± 1 or Ji . Hence the general selection rule ∆J ± 1 , 0 .

Parity. Parity is the property of a wave function referring to its
behavior upon reflection of all coordinates. That is, if
¥(- x1, - x2,...) = + ¥( x1, x2, …)
parity is even; or if

¥(- x1, - x2,...) = - ¥( x1, x2, …)
parity is odd.
If in the matrix elements involved in the dipole approximation one makes
the change of variable of integration x = - x', the result is

xif = ∫ ¥f*(x) x¥i (x)d³x = ∫ ¥f*( - x´) ( - x´)¥0 ( - x´)d³x´
If the parity of ¥f is the same as that of ¥i, it follows that

xif = - xif = 0
Hence the rule that parity must change in allowed transitions. For a
one-electron atom, L determines the parity; therefore, ∆L = 0 would be
forbidden. In many-electron atoms, L does not determine the parity

(determined by algebraic, not vector, sum of individual electron angular
momenta), so ∆L = 0 transitions can occur. The 0 → 0 transitions are always
forbidden, however, since a photon always carries one unit of angular
momentum.
All wave functions have either even or odd parity. This can be seen from
the fact that the Hamiltonian (in the absence of an external magnetic field) is
invariant under the parity operation. Then, if H¥(x) = E¥(x), it is also true that
H¥(-x) = E¥(-x). Therefore, if the state is nondegenerate, it follows that either
¥(-x) = ¥(x) or ¥(-x) = - ¥(x). If the state is degenerate, it is possible that ¥(-x) =
¥(x). But then a complete solution would be one of the linear combinations

¥(x) + ¥( -x)
¥(x) - ¥( -x)

even parity
odd parity

Forbidden Lines. Forbidden spectral lines may appear in gases if they are
sufficiently rarefied. That is, forbiddenness is not absolute in all cases. It may
simply mean that the lifetime of the state is much longer than if it were allowed,
but not infinite. Thus, if the collision rate is small enough (collisions of the
second kind ordinarily cause de-excitation in forbidden cases), the forbidden
transition may have sufficient time to occur.
In the nearly exact matrix element

the dipole approximation replaces e-iK· x by 1. If this vanishes, the transition is
forbidden, as described in the foregoing. The next higher or quadrupole
approximation would then be to replace e-iK· x by 1 – i/K• x, giving the matrix
element

-i ∫ ¥f* (e·p) (k·x) ¥1 d³x´

For light moving in the z direction and polarized in the x direction, this becomes

-iK ∫ ¥f*(p xz) ¥i d³x = - iK f (p xz) i │²

transition probability is proportional to

whereas in the dipole approximation it was proportional to

Therefore the transition probability in the quadrupole approximation is at least of the order
of (Ka)2 = a2/ ƛ, smaller than in the dipole approximation, where a is of the order of the
size of the atom, and ƛ the wavelength emitted.

From the preceding problem, the first part of p xz is seen to be equivalent, up to a
constant, to xz, which behaves similarly to a wave function for angular momentum 2,
even parity. The second part is the angular momentum operator Lv, which behaves like

a wave function for angular momentum 1, even parity. Therefore the selection rules
corresponding to the first part are seen to be ∆J = ±2, +1, 0 with no parity change. This
type of radiation is called electric quadrupole. The selection rules for the second part of
p xz are ∆J = ±1, 0, no parity change, and the corresponding radiation is called magnetic
dipole. Note that unless ∆J ±2, the two types of radiation cannot be distinguished by the
change in angular momentum or parity. If ∆J = ±1, 0, they can only be distinguished by
the polarization of the radiation. Both types may occur simultaneously, producing
interference.
In the case of electric quadrupole radiation, it is implicit in the rules that 1/2→1/2
and 0→1transitions are forbidden (even though ∆J may be 1), since the required change
of 2 for the vector angular momentum is impossible in these cases.
Continuing to higher approximations, it is possible by similar reasoning to deduce
the vector change in angular momentum, or angular momentum of the photon, and the
selection rules for parity change and change of total angular momentum ∆J associated
with the various multipole orders (Table 5-1).

Actually all the implicit selection rules for ∆J, which become numerous for the
higher multipole orders, can be expressed explicitly by writing the selection rule as

│Jf – Ji │≤ 1 ≤ Jf + Ji
where 21 is the multipole order or 1 is the vector change in angular momentum.
It turns out that in so-called parity-favored transitions, wherein the product

of the initial and final parities is (-1) Jf - Ji and the lowest possible multipole order is
J f - J i , the transition probabilities for multipole types contained within the dashed
vertical lines in Table 5-1 are roughly equal.In parity-unfavored transitions,
where the parity product is (-1) Jf – Ji+1 and the lowest multipole order is │J f -J i │+
1, this may not be true.

Precept
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Equilibrium of Radiation. If a system is in equilibrium, the relative numb er of atoms per cubic centimeter in two states, say 1 and k, is given by

according to statistical mechanics, when the energies differ by ħω. Since the
system is in equilibrium, the number of atoms going from state k to 1 per unit
time by absorption of photons ħω must equal the number going from 1 to k by
emission. If n ω , photons of frequency ω are present per cubic centimeter, then
probabilities of absorption are proportional to n ω , and probability of emission is
p roportional to n ω + 1. Thus

This is the Planck black-body distribution law.

The Scattering of Light . We discuss here the phenomena of an incident
photon being scattered by an atom into a new direction (and possibly energy) (see
Fig. 6-1). This may be considered as the absorption of the incoming photon and
the emission of a new photon by the atom. The two p hotons taking part in the
p henomenon are represented by the vector potentials.

The number to be determined is the probability that an atom initially in state k will
b e left in state 1 by the action of the perturbation A = A 1 + A 2 in the time T.

This probability can be computed just as any transition probability with the use of A1k,
where

The dipole approximation is to be employed and

U = ∆H = (e/2mc)(p·A) + (e²/mc²)(A·A)
where spins are neglected.
In each integral defining A1k, each of the two vector potentials must appear once
and only once. Thus, in the first integral the term p • A of U will not appear in U1k . The
product A • A = (A1 + A2) · (Al + A2) will contribute only its cross-product term 2A1A2. The
second integral will have no contribution from A • A , but will be the sum of two terms. The
first term contains a U1n based on p · A2 and a Unk based on p ·A1. The second has U1n
based on p ·A1 and Unk on p • A2. The time sequences resulting in these two terms can be
represented schematically as shown in Fig. 6-2.
The integral resulting from the first term will now be developed in detail.

Then the resulting integral is

The integral is similar to the integrals considered previous ly with regard to
tr ansit ion probabilities, and the sum becomes

where ∆ = (E 1 +ħω 2 – E k - ħω 1 ), and the phase angle is independent of n.
A term with the denominator given by (E n -ħω 1 - E k )(E 1 +ħω 2 - E n ) has been
neglected, since previous results show that only energies s uch that E 1 + ħω 2 ≈
E k + ħω 1 are important. The final result can be written

where │M│ is determined from A 1k by integrating over ω 2 and averaging over e 2 .
T hen the complete expression for the cross section σ is

The first term under the summation comes from the "first term" previously referred
to and the second from the "second term." The last term in the absolute brackets comes
from A . A.
If 1≠ k, the scattering is incoherent, and the result is called the "Raman effect." If 1 = k,
the scattering is coherent.
Further, note that if all the atoms are in the ground state and 1 ≠ k, then the energy
of the atom can only increase and the frequency of the light ω can only decrease. This
gives rise to "Stokes lines." The opposite effect gives "anti-Stokes lines.”
Suppose ω1= ω2 (coherent scattering) but further ħω1 is very nearly equal to Ek –

En, where En is some possible energy level of the atom. Then one term in the sum over
n becomes extremely large and dominates the remainder. The result is called
"resonance scattering." If σ is plotted against ω, then at such values of ω the cross
section has a sharp maximum (see Fig. 6-3).

The "index" of refraction of a gas can be obtained by our scattering formula. It can
be obtained, as for other types of scattering, by considering the light scattered in the
forward direction.

Self-Energy.

Another phenomenon that must be considered in quantum
electrodynamics is the possibility of an atom emitting a photon and reabsorbing the same
photon. This affects the diagonal element Akk. Its effect is equivalent to a shift of energy
of the level. One finds

where e is the direction of polarization. This integral diverges. A more exact relativistic
calculation also gives a divergent integral. This means that our formulation of
electromagnetic effects is not really a completely satisfactory theory. The modifications
required to avoid this difficulty of the infinite self-energy will be discussed later. The net
result is a very small shift ∆E in position of energy levels. This shift has been observed
by Lamb and Rutherford.

Precept

7

Principles and Rules of

Special Relativity
Movement Effects Perception
The principle of relativity is the principle that all physical phenomena
would appear to be exactly the same if all the objects concerned were moving
uniformly together at velocity v; that is, no experiments made entirely inside of a
closed spaceship moving uniformly at velocity v (relative to the center of gravity
of the matter in the universe, for example) can determine this velocity. The
principle has been verified experimentally. Newton's laws satisfy th is principle;
for the y are uncha nged when subject to a Gallilean tran sformatio n,

x' = x – v t y' = y

z' = z

t' = t

because they involve only second derivatives. The Maxwell equations are
changed, however, when subjected to this transformation, and early workers in
this field attempted to make an absolute determination of velocity of the earth
using this feature (Michelson-Morley experiment). Failure to detect any effects of
this type ultimately led to Einstein's postulate that the Max-well equations are of
the same form in any coordinate system; and, in particular, that the velocity of
light is the same in all coordinate systems. The transformation between
c oordinate syste ms which leaves the Maxwell equations invariant is the Lorentz
tr ansformation:

y' = y
z' = z

where tanh u = v/c. Henceforth we shall use time units so that the speed of light
c is unity. The latter form is written to demonstrate the analogy with rotation of
ax es,

x' = x cos ϴ + y sin ϴ
Successive transformations v 1 and v 2 or u 1 and u 2 add i n the sense that a single
tr an sformation v 3 or u 3 will give the same final system if

v3= v 1 + v 2 or tanh u 3 = tanh(u1+ u 2)
Einstein postulated (theory of special relativity) that the Newton laws must be
modified in such a way that they, too, are unchanged in form under a Lorentz
transf ormation.
An interesting consequence of the Lorentz transformation is that clocks
appear to run slower in moving systems; that is called time dilation. In
transforming from one coordinate system to another it is convenient to use
tensor analysis. To this end, a four-vector will be defined as a set o f four
quantities that transforms in the same way as x,y,z and ct. The subscript
p. will be u sed to designate which of the four components is being considered; for
example,

x 1 =x

x2= y

x 3 =z

x 4 =t

T he following quantities are four-vectors:

An invariant is a quantity that does not chan ge under a Lorentz transformation. If
a µ and b µ are two four-vectors, the "product”

a·b ≡ ∑ aµ bµ ≡ a4 b4 – a1 b1 – a2 b2 – a3 b3
is an invariant. To avoid writing the summation symbol, the following summation
convention will be used. When the same index occurs twice, sum over it, placing
minus in front of first, second, and third components. The Lorentz invariance of
the continuity equation is easily demonstrated by writing it as a "product" of
four-vectors:

Conservation of charge in all systems if it is conserved in one system is a
consequence of the invariance of this "product," the four-dimensional divergence.
Another invariant is

pµ pµ = p·p = E² - px ² - p y ² - pz ² = E² - p² = m²
(E = total energy, m = rest mass, mc 2 = rest energy, p = momentum.) Thus,

E2 = p 2c2 + m2c4
It is also interesting to note that the phase of a free particle wave
function exp [(-i/h)(Et - p • X)] is invariant since

Et - p·X = Et – pxx – pyy – pzz = pµ pµ
The invariance of pµ pµ can be used to facilitate converting laboratory
energies to center-of-mass energies (Fig. 6-4) in the following way
(consider identical particles, for simplicity):

The equations of electrodynamics B = ▼ x A and E = – (1/c)(∂A/∂t) – ▼ Φ
are easily written in tensor notation,

where use is made of the fact that Φ is the fourth component of the
four-vector potential Aµ . From the foregoing it can be seen that Bx, By, B2 ,
Ex, Ey, and E1 are the components of a second-rank tensor:

Fµv = ▼µ Av - ▼v A µ
This tensor is antisymmetric (Fµv = – Fµv) and the diagonal terms (µ = v) are
zero; thus there are only six independent components (three components of E
and three components of B) instead of sixteen:

The Maxwell equations ▼ x B = 4π J + (∂E/∂t) and ▼ • E = 4π p are written

▼ µ Fµv = 4πj v

where v = 1, 2, 3, 4, that is, j 1 = j x , j 2 = j y, j 3 = jz 1 , j 4 = p. and µ is a
dummy index of summation. The v = 1, 2, and 3 gives the three
components of the curl equation, and v = 4 gives the divergence
equation.
The equation satisfied by the potential A µ is found, by
substituting Eq. (7-1) into Eq. (7-2), to be

▼µ ▼µ A v - ▼v ▼v A µ

= 4πj v

The potential A v is not unique, however, since the potential

Aʹ µ = A µ + ▼µ x
(x = any scalar function of position) also satisfies this relation. Such a
change or transformation of potential is called a gauge transformation
(for historical reasons). We shall make the potentials more definite by
assuming that all potentials have been transformed so as to satisfy the
so-called Lorentz condition.

▼µ Aµ = 0
This is convenient, because it simplifies the equation for

Aµ to

(▼·▼)A v = 4πj v
Since ▼·▼=
equations

▼µ ▼µ

, which can be recognized as the wave

▼²A - ∂²A/∂t² = -4πj
▼²Φ - ∂²Φ/∂t² = -4πp
Sometimes Eq. (7-5') is written □ 2 A µ = - 4 π j µ (□ 2 = D'Alembertian
operator = ▼² — ( ∂ / ∂ t ) 2 = -▼ • ▼ ). This choice of gauge (▼µ Aµ = 0) is
the usual one made in classical electrodynamics,

▼·A - ∂Φ/∂t = 0
SUMMARY
Our technical and brief introduction to QED has left us

with a respect for the complexity and flexibility of even a
single photon electron interaction. Multiplying this by
numbers too stagering for human comprehension, lets us see
why they call it chaos theory. The sum total of interactions
can never be known and the indeterminancy principle stops
us from knowing even the smallest of things. Reductionism
is defeated by Fractal Non-linear Mathematics and QED.
Our small verbal minds are stuck trying to find some sort of
explanations to assist our life processes. Our verbal mind can
make guesses but never know.
The next step of science is the recognition of a fact we
already know. A fact some refuse to accept. The mind
effects things. With the science of Electronics, QED,
Fractals, Nonlinear Analysis, and Mind Interaction a new
medicine expands. An appreciation of nature and a new
found respect for natural medicine is the future of medicine.
The SCIO system uses the principles of QED in it's interface
with patients. Infact all of these new sciences are used by the
SCIO in helping patients.
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QUANTUM ELECTRO DYNAMICS
the Science of life
by William Nelson Md Prof Emeritus of IMUNE

Science has developed and evolved dramatically over the last hundred
years or so. Newtonian physics and thermodynamics are now known to be
inadequate in describing biology. Quantum Electro Dynamics ( QED ) is known
to describe much more of life and science. The basis of QED is that the
interaction of photons and electrons explains biology.
A photon is a particle of light. Light is electro-magnetic-radiation
( EMR ). It is made of photons. The EMR spectrum contains infrared (heat),
visible light, ultraviolet, x-ray, etc, all photons. They oscillate at different speeds
that makes them difference. The faster they vibrate the higher the energy.
An electron is a negatively charged particle that orbits (or exists as a
probability cloud) in all atoms. There are free electrons that can make up what
we call electricity.
When a electron changes it’s quantic state or mode it emits a photon and
goes to a lower state. When a photon strikes an electron in the proper way the
electron goes to a higher state. Electrons and photons are tied together
intimately. As are all subatomic particles. Thus it is obvious that to understand
anything we must understand the photon. As God said in the beginning Let there
be Light.
To understand life and science we must learn to use the
electro-magnetic-static-photonic-gravity forces as they interplay. But modern
medicine does not deal with this. Modern medicine is still mired in old
thermodynamic science. This allows them to make a synthetic chemical in the
test tube (in vitro), but we live in our bodies (in vivo). Modern medicine is not so
modern is it.
The simple explanation of life on earth is that there was minerals on the
planet. Certain energies like heat, lightening, gravity combine the minerals and
molecules to make certain amino acids (building blocks of protein) and fatty acids
(carbon chains that make up all cellular membranes). At first these compounds
join to make bubbles. These bubbles are light sensitive. Light lets them find the
energy to make more. Remember that light Photons give the electrons a higher
state, more energy stored in the electron.
As life evolves and becomes more and more complex, the
electro-magnetic static photonic forces are the integral driving force. To
understand life we need to understand this electro-magnetic-static-photonic

better.
The minerals of the Mineral Kingdom are food for the plant kingdom. The
bonds in the mineral kingdom are primarily ionic. This means that the outer
electrons are in low energy states. Ionic bonded atoms are drawn to each other
but do not share electrons. Mineral salt NaCl is ionic bonded. The bond is so
weak it disassociates in water (dissolves).
The plant uses photons of heat or light to give energy to the electrons and
they go to higher states. Then they can bond co-valently. This means that they
share an electron or more. A covalent bond is much stronger and does not easily
disassociate. These high energy bonds are the designed distinctly for the
purposes of nature. The secret of the QED placement of the high energy
electrons makes nature nature. The synthetic chemical companies can not
understand this QED electron state photon placement. This is why all synthetic
chemicals are incompatible for biology. This is true for our medicines as well as
our foods, but this unpopular truth makes one very unpopular with the chemical
cartel.
The master formula is an extreme over simplification of the complexity of
biology on planet earth. Carbon dioxide and water plus minerals are taken up by
the plant. The plant then uses light (photosynthesis) to add energy to the
electrons. The beast example is sugar or basic carbohydrates with the hot
energy state electrons. These hot electrons are used by the animal, us, to give
us the energy for life.
Our complete biology must also explain breatharians or people who do not eat
for years at a time. Modern biology does not accept this because of their
ignorance (ignore things). In the eastern medicine this happens all of the time.
We can explain it with more avant garde QED but that is outside of this simple
first lesson.
So back to our bubbles. You see the process of life and evolution is all
about cycles. Being able to use energy and recycle it is the key of life on the
planet. More and more complex life forms develop. All using the QED
electro-magnetic-static-photonic gravity process to satisfy life. Life is
metabolizing and reproducing. Energy states are developed one at a time in
quantic subatomic steps.

Life has an undeniable QED electro-magnetic-static-photonic gravity base. And as

such it has fields. Subtle energy fields that assist and help direct life. Subtle
energy fields that draw towards our nutrition and life sustaining events and repel
us for toxins, waste, excretions and other risks to life. Subtle energy fields of
electro-magnet-static QED nature is an undeniable truth, no matter how much
money and influence the chemical companies have. They try to buy a cover up of
this inconvenient truth, they try to attack me but truth none the less will win.
This study of the QED electro-magnetic-static-photonic gravity (QED for
short) science of biology, gives us the impetus to prove the subtle field theories
of medicine. Even though many are based in incomplete logic and marketed by
charlatans, there is a truth worth pursuing.
Just as humans use our primary photon detectors to hunt, our white blood
cells do the same. They use photons to hunt. They as all things use photons. A
new medicine evolves.
This leads us to the science of Electro-Physiological-Reactivity (EPR). A
science base on scientific professional analysis of the body electric with all of it’s
factors. This book is just an overly simplified modest summary of just some of the
interactions of the SCIO. Thirty years of science, discovery, clinical testing,
double blinds, field testing, laboratory research, legality and safety testing all
coming together for the finest quality.

REACTIVITY and the XRROID
As we have said, changes in the volts, amps, resistance were found to
indicate reactance. This is measured in Siemens after the German researcher
who discovered the concept. The changes of volts plus changes of amps plus
changes in resistance equals reactance.
Delta Volts + Delta Amps + Delta Resistance = Reactivity
The Electro-Physiological Reactivity ( EPR ) is the rating of how much
reactance a patient has to a stimuli. The stimuli or input with the SCIO is the
trivector volt-ammetric signature pattern of a homeopathic. The EPR of a human
is based on the speed of the ionic exchange or just how fast the human can form
reactance to an external stimuli. This speed is known to science as
approximately one hundredth of a sec. Thus the scan of many Homeopathics can
happen at very fast speeds. This is known as the Xrroid. The scan of EPR of a
patient to many trivector signatures is the Xrroid. EPR Xrroid is the name of the
device the Electro-Physiological-Feedback-Xrroid. ( EPFX ).
Since this EPR can cascade and resonate, this bioresonance has
significance in biology. It can be used to correct and address certain issues of

health. This is the work started in bio-resonance in Germany years ago.
Biofeedback is also bioresonance as the feedback of a signal in a cybernetic loop
is feedback. Biofeedback is bioresonance and bioresonance is biofeedback.
TRIVECTOR VOLT-AMMETRIC SIGNATURE
The basic existence of all atoms and molecules as all of science knows
has a distinct field around it. This subtle field can be measured. The first form of

electrical chemical analysis was done over a hundred years ago in the science of
volt-ammetry also referred to as polography. Thousands of research articles
and a fully accepted science of the electro dynamic analysis of the has lurked in
the back waters of chemistry. But since so few chemical engineers have
electrical knowledge, it does not gain popularity.
There was even a journal on volt-ammetry published years ago. In the
journal there were some interesting articles. In animals they found that the
voltage of the body was connected to the catecholamines. These are our adrenal
hormones, necessary for flight fight and stress management.
The amperage was connected to the indolamines or brain hormones like
serotonin and melatonin. When they gave catecholamines there was an increase
in voltage. When there was a measured drop in catecholamines there was a drop
in voltage. When they gave indolamines there was an increase in amperage.
When there was a measured drop in indolamines there was a drop in amperage.
We have scientifically and clinically proved the same observation true in humans.
In 1983 I developed a trivector system of analyzing the volt-ammetric
signature of a compound. I developed a three dimensional system I refer to as
the trivector. I started purchasing compounds. Bacteria, fungus, viruses,
enzymes, hormones, minerals, etc and to date I have spent over one half a
million dollars on collecting and testing these items. All items in the SCIO test kit
have been tested in their reality. Other companies use much less scientific
systems. This is the reasons for the success of the SCIO system.
There have been over twenty five years of testing, perfecting, substantiate,
corroborating, authenticating, and validating the current system we call the QQC.
There have been over five articles published on the science. And over 25,000
systems using the trivector patterns have shown profound safety, and efficacy.
This research and history has been reviewed intimately and correctly
assayed by medical experts in Europe. There has been now an acceptance of
both the QQC device and the accuracy of the trivector volt-ammetric signatures.
To review this research and the legal registrations please inquire. There is a full
peer reviewed medical ISSN journal devoted to the review of the technology.
Simply put we can test the electrical field that binds and permeates a compound
and reproduce a signal to see how a patient reacts to it.
These items such as vitamins, homeopathics, enzymes, hormones,
sarcodes, allersode, nosodes, Isodes and herbs have static trivector signatures.
The living being has a reactive or ever changing field. The patient has a reactive
field that is drawn towards nutrition and repelled from toxins. We measure the
reactions ( reactance EPR ) of the patient to ten thousand some homeopathic
compounds. This is the basis of the EPFX system as it was sold from 1989. Two
decades of development to get to today. An over night success.
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QUANTUM ELECTRO DYNAMICS and
The VOLT-AMMETRIC TRIVECTOR
SIGNATURE For DUMMIES
By William Nelson MD Prof of Medicine IMUNE

The atoms of all things are made of mostly electrons and protons and
other miscellaneous sub atomic particles. Everything has a electric field around it
because of the electrons and protons that make it up. The workings of these atoms
is covered in chemistry. In chemistry we learn that most atoms have imbalances in
their outer electron shell. So they seek atoms that can help to fill theses shells.
These shells are only explained in quantum physics. All things are only
describable with quantum physics. The electrons are placed around the nucleus
of the atom. If the nucleus is the size of a golf ball the electron is less than the head
of a pin and about a half mile away from the nucleus. The truth is that we are
mostly empty space. Space that is full of fields. Fields that interact and make
biology possible. To study biology we must study these fields. But these fileds are
only explainable thru electronics or quantum physics.
What we call modern medicine is not modern at all. Infact it is based in
antiquated science of thermodynamic newtonian physics and old style chemistry.
Today a trully modern science is based in non linear fractal quantum
electrodynamics. We need a more modern medicine.

Everything has a electric field around it because of the electrons and protons
that make it up. We all know about these fields today especially if you have
travelled and had to go thru a metal detector. The metal detector senses the
magnetic field of metal. Metals have a strong magnetic field. Other substances
have a weaker or paramagnetic field such as water. It has weak field. Some things
have an almost nil field and some substances such as bismuth have a negative
field. But Everything has a electric field around it because of the electrons and
protons that make it up.
To study the body, we need to study the body electric and use QED as our
scientific guide.

Electro-Chemistry has been a respected and developed science for many
decades. Thousands of articles and books have been written on the subject. It is
also known as polography.
A three-dimensional (TRIVECTOR) topological electro field can be
measured which shows the relationships among various time-dependent
volt-ammetric techniques using micro electrodes. Intersections of the surface with
appropriately oriented planes represent conventional polarography,
chronopotentiometry, polarography at a stationary electrode, and
constant-potential voltammetry.

Homeopathy is dependent on a shape

transfer process. The activation of neuro-emotional shape receptors can offer an
explanation of homeopathy. Our tRIVECTOR three-dimensional topological field

time-dependent voltammetric techniques offers a good compatibility with the
tRIVECTOR resonance system. This has been shown to provide an accurate
system of homeopathic analysis. This article will only deal with the
three-dimensional topological field time-dependent voltammetric techniques as
part of a whole system for homeopathic shape analysis.
TRIVECTOR VOLT-AMMETRIC SIGNATURE
The basic existence of all atoms and molecules as all of science knows has
a distinct field around it. This subtle field can be measured. The first form of
electrical chemical analysis was done over a hundred years ago in the science of
volt-ammetry also referred to as polography. Thousands of research articles and
a fully accepted science of the electro dynamic analysis of the has lurked in the
back waters of chemistry. But since so few chemical engineers have electrical
knowledge, it does not gain popularity.
There was even a journal on volt-ammetry published years ago. In the
journal there were some interesting articles. In animals they found that the voltage
of the body was connected to the catecholamines. These are our adrenal
hormones, necessary for flight fight and stress management.
The amperage was connected to the indolamines or brain hormones like
serotonin and melatonin. When they gave catecholamines there was an increase
in voltage. When there was a measured drop in catecholamines there was a drop
in voltage. When they gave indolamines there was an increase in amperage.
When there was a measured drop in indolamines there was a drop in amperage.

We have scientifically and clinically proved the same observation true in humans.
In 1983 I developed a trivector system of analyzing the volt-ammetric
signature of a compound. I developed a three dimensional system I refer to as the
trivector. The basic theory was to make a volt-ammetric- electro-chemistry
analysis systrm that would be as similar to the actual process in the body. So the
volt-ammetric test should use volts and amps similar to the actual body potentials.
Thus the measured volt-ammetric signature would be very similar to the actual
body natural processes.
I started purchasing compounds. Bacteria, fungus, viruses, enzymes,
hormones, minerals, etc and to date I have spent over one half a million dollars on
collecting and testing these items. All items in the SCIO test kit have been tested in
their reality. Other companies use much less scientific systems. This is the
reasons for the success of the SCIO system.
There have been over twenty five years of testing, perfecting, substantiate,
corroborating, authenticating, and validating the current system we call the QQC.
There have been over five articles published on the science. And over 25,000
systems using the trivector patterns have shown profound safety, and efficacy.
This research and history has been reviewed intimately and correctly
assayed by medical experts in Europe. There has been now an acceptance of both
the QQC device and the accuracy of the trivector volt-ammetric signatures. To
review this research and the legal registrations please inquire. There is a full peer
reviewed medical ISSN journal devoted to the review of the technology. Simply put

we can test the electrical field that binds and permeates a compound and
reproduce a signal to see how a patient reacts to it.
These items such as vitamins, homeopathics, enzymes, hormones,
sarcodes, allersode, nosodes, Isodes and herbs have static trivector signatures.
The living being has a reactive or ever changing field. The patient has a reactive
field that is drawn towards nutrition and repelled from toxins. We measure the
reactions ( reactance EPR ) of the patient to ten thousand some homeopathic
compounds. This is the basis of the EPFX system as it was sold from 1989. Two
decades of development to get to today. An over night success.

Scientific Principles of Voltammetric TRIVECTOR Analysis
1. The liquid crystal nature of the polar substance water is a well known
scientific principle.
2. The memory of water to retain and return to it’s crystal polymorphic
shape structure is also well known. (This memory is destroyed by a.
Heat above 55 degrees Celsius
c. Ionizing radiation (X-rays).

b. Strong oder such as camphor,
Magnetic fields can distort the shape

but the water memory will return after the magnetic field is discontinued.
This is the principle of magnetic resonance imaging. Water will
remember it’s crystal structure and always seek to find it’s shape or
polymorphic state)
3. Electrochemistry (polarography, Polography, chronopotentiometry,
volt-ammetry) are standard accepted scientific principle. of modern
chemistry for chemical analysis.
4. The dynamics of the chemical information transfer of hormones
through shape receptors in the cell is the basis of all pharmacology. All
hormones work by stimulating these shape receptors. The plasticity of
these receptors has allowed synthetic chemistry to appear to work.
Shape receptor stimulus is our fourth scientific principle.

These four well known scientific facts offers us an
explanation for understanding and proving high potency homeopathy
as a medical treatment. This science also offers us a superb
homeopathic quality control procedure. Now homeopathy can be
proven, tested, understood, and defended with these scientific
principles.
The principle of water’s liquid crystal shape capacity and
homeopathy was demonstrated by Nelson in 1997 (IJMSH). Here
several homeopathics were frozen and analyzed for repeatability. In
this journal the electrochemical reactivity of homeopathic remedies
were also well determined. The analysis of conductive resonance,
magnetic resonance, and capacitance states were proven a window of
examination analysis. Voltammetry or electrochemistry offers a
potential more efficient and accurate system of examination. A
TRIVECTOR Voltammetric analysis has been done by others, and a
refined variation of this process has proven valuable for homeopathy.
Water is a polar substance. It has a small magnetic pole. If
we place a plastic comb rubbed with fur next to a small trickle flow of
water we can see the water flow bend towards the electrically static
charged comb. This polar nature of water allows it to take a shape. As
that water is a liquid crystal at temperatures from 0 Celsius to 55
Celsius. at temperatures above this the kinetic energy of the heat
destroys the polar nature.
Next we put different metal electrodes into a container of
the water homeopathic to be tested. There will be an electro potential
established between the electrodes. As we pass a changing voltage
current thru the water based homeopathic the current or amperage
potential will change at the electrodes. This volt-ammetric reading is

different for each substance. Because the liquid crystal effect of water
will make a distinct pattern that is reflective of the different shape.
The shape of the liquid crystal polar water reflects and
resonates the flow of the current and it’s variant voltage. Just as the
shape of a canyon determines the style of the echo that resonates thru
it when you call. The shear lines and crystal boundaries have a
signature effect on the output. Each substance has a different
volt-ammetric TRIVECTOR signature.
Just as our shape receptors in our nose and tongue detect a
shape (taste and smell), the shape of the homeopathic is also detected
by the volt-ammetric process. It is the volt-ammetric signature that is
responsible for the phenomena of taste and smell. The reactive
receptors detect the volt-ammetric signature to react. This shape
detection is a three dimensional process, so we have called it the
TRIVECTOR. After the three vectors of electronic theory.
For almost two decades, researchers and clinicians have
found the TRIVECTOR items EPR (electro-physiological-Reactivity) to be
very accurate. They have reported astounding verification of the EPR
validity of the QQC TRIVECTOR readings. They have been accurate in
measuring nosodes, isodes, allersodes, sarcodes, and classic
homeopathics.
The subjects had a strong tendency to electrically react to
items that were irregular or abnormal in many types of tests. Tests on
isodes, allersodes, nosodes, sarcodes and classical homeopathics.
But since the accuracy was only approximately 80%, There was a need
for a disclaimer to consider the results pre-diagnostic as best and to
confirm any reading with proper medical techniques.

Quantum Electro Dynamics
Science has developed and evolved dramatically over the last hundred years or
so. Newtonian physics and thermodynamics are now known to be inadequate in
describing biology. Quantum Electro Dynamics ( QED ) is known to describe
much more of life and science. The basis of QED is that the interaction of photons
and electrons explains biology.
A photon is a particle of light. Light is electro-magnetic-radiation
( EMR ). It is made of photons. The EMR spectrum contains infrared (heat),
visible light, ultraviolet, x-ray, etc, all photons. They oscillate at different speeds
that makes them difference. The faster they vibrate the higher the energy.
An electron is a negatively charged particle that orbits (or exists as a
probability cloud) in all atoms. There are free electrons that can make up what we
call electricity.
When a electron changes it’s quantic state or mode it emits a photon and
goes to a lower state. When a photon strikes an electron in the proper way the
electron goes to a higher state. Electrons and photons are tied together intimately.
As are all subatomic particles. Thus it is obvious that to understand anything we
must understand the photon. As God said in the beginning Let there be Light.
To understand life and science we must learn to use the
electro-magnetic-static-photonic-gravity forces as they interplay. But modern
medicine does not deal with this. Modern medicine is still mired in old
thermodynamic science. This allows them to make a synthetic chemical in the test
tube (in vitro), but we live in our bodies (in vivo). Modern medicine is not so
modern is it.
The simple explanation of life on earth is that there was minerals on the
planet. Certain energies like heat, lightening, gravity combine the minerals and
molecules to make certain amino acids (building blocks of protein) and fatty acids
(carbon chains that make up all cellular membranes). At first these compounds
join to make bubbles. These bubbles are light sensitive. Light lets them find the
energy to make more. Remember that light Photons give the electrons a higher
state, more energy stored in the electron.
As life evolves and becomes more and more complex, the electro-magnetic
static photonic forces are the integral driving force. To understand life we need to

understand this electro-magnetic-static-photonic better.
The minerals of the Mineral Kingdom are food for the plant kingdom. The
bonds in the mineral kingdom are primarily ionic. This means that the outer
electrons are in low energy states. Ionic bonded atoms are drawn to each other
but do not share electrons. Mineral salt NaCl is ionic bonded. The bond is so weak
it disassociates in water (dissolves).
The plant uses photons of heat or light to give energy to the electrons and
they go to higher states. Then they can bond co-valently. This means that they
share an electron or more. A covalent bond is much stronger and does not easily
disassociate. These high energy bonds are the designed distinctly for the
purposes of nature. The secret of the QED placement of the high energy electrons
makes nature nature. The synthetic chemical companies can not understand this
QED electron state photon placement. This is why all synthetic chemicals are
incompatible for biology. This is true for our medicines as well as our foods, but
this unpopular truth makes one very unpopular with the chemical cartel.
The master formula is an extreme over simplification of the complexity of
biology on planet earth. Carbon dioxide and water plus minerals are taken up by
the plant. The plant then uses light (photosynthesis) to add energy to the
electrons. The beast example is sugar or basic carbohydrates with the hot energy
state electrons. These hot electrons are used by the animal, us, to give us the
energy for life.
Our complete biology must also explain breatharians or people who do not eat for
years at a time. Modern biology does not accept this because of their ignorance
(ignore things). In the eastern medicine this happens all of the time. We can
explain it with more avant garde QED but that is outside of this simple first lesson.
So back to our bubbles. You see the process of life and evolution is all
about cycles. Being able to use energy and recycle it is the key of life on the
planet. More and more complex life forms develop. All using the QED
electro-magnetic-static-photonic gravity process to satisfy life. Life is metabolizing
and reproducing. Energy states are developed one at a time in quantic subatomic
steps.

Life has an undeniable QED electro-magnetic-static-photonic gravity base. And as

such it has fields. Subtle energy fields that assist and help direct life. Subtle
energy fields that draw towards our nutrition and life sustaining events and repel
us for toxins, waste, excretions and other risks to life. Subtle energy fields of
electro-magnet-static QED nature is an undeniable truth, no matter how much
money and influence the chemical companies have. They try to buy a cover up of
this inconvenient truth, they try to attack me but truth none the less will win.
This study of the QED electro-magnetic-static-photonic gravity (QED for
short) science of biology, gives us the impetus to prove the subtle field theories of
medicine. Even though many are based in incomplete logic and marketed by
charlatans, there is a truth worth pursuing.
Just as humans use our primary photon detectors to hunt, our white blood
cells do the same. They use photons to hunt. They as all things use photons. A
new medicine evolves.
This leads us to the science of Electro-Physiological-Reactivity (EPR). A
science base on scientific professional analysis of the body electric with all of it’s

factors. This book is just an overly simplified modest summary of just some of the
interactions of the SCIO. Thirty years of science, discovery, clinical testing, double
blinds, field testing, laboratory research, legality and safety testing all coming
together for the finest quality.
REACTIVITY and the XRROID
As we have said, changes in the volts, amps, resistance were found to
indicate reactance. This is measured in Siemens after the German researcher
who discovered the concept. The changes of volts plus changes of amps plus
changes in resistance equals reactance.
Delta Volts + Delta Amps + Delta Resistance = Reactivity
The Electro-Physiological Reactivity ( EPR ) is the rating of how much
reactance a patient has to a stimuli. The stimuli or input with the SCIO is the
trivector volt-ammetric signature pattern of a homeopathic. The EPR of a human

is based on the speed of the ionic exchange or just how fast the human can form
reactance to an external stimuli. This speed is known to science as approximately
one hundredth of a sec. Thus the scan of many Homeopathics can happen at very
fast speeds. This is known as the Xrroid. The scan of EPR of a patient to many
trivector signatures is the Xrroid. EPR Xrroid is the name of the device the

Electro-Physiological-Feedback-Xrroid. ( EPFX ).
Since this EPR can cascade and resonate, this bioresonance has
significance in biology. It can be used to correct and address certain issues of
health. This is the work started in bio-resonance in Germany years ago.
Biofeedback is also bioresonance as the feedback of a signal in a cybernetic loop
is feedback. Biofeedback is bioresonance and bioresonance is biofeedback.
The substances have a static trivector field. They are not alive, the field is
static. The shape is static. The shape is like the taste as our tatse receptors can
detect the shape of the voltammetric siganture. These shapes of taste effect our
brains. This is the science of homeopathy.
The trivector field of a living organism is not static, it is reactive. A living
being is interacting with the enviroment to be drawn towards nutrition, and
reppelled from toxins. Thus with the xrroid we measure which items the patient
reacts to and how he reacts so we can see a profile that might help us learn more
about our patient.
So a new modern medicine is formed to analyze the patient’s body electric
and treat it without drugs. But won’t that provoke and irritate the drug companies.
Well of course. But those investing in a flase belief are always provoked by ideas
that expose theri false belief.
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Quantum electrodynamics
Quantum electrodynamics (QED) is a relativistic quantum field theory of electrodynamics.
QED was developed by a number of physicists, beginning in the late 1920s.[1] QED
mathematically describes all phenomena involving electrically charged particles interacting by
means of exchange of photons. It has been called "the jewel of physics" for its extremely accurate
predictions of quantities like the anomalous magnetic moment of the electron, and the Lamb shift
of the energy levels of hydrogen.
History
The word 'quantum' is Latin, meaning "how much" (neut. sing. of quantus "how great").[2] The
word 'electrodynamics' was coined by André-Marie Ampère in 1822.[3] The word 'quantum', as
used in physics, was first used by Max Planck, i.e. "energy elements", in 1900 and reinforced by
Einstein in 1905 with his use of the term light quanta.
Quantum theory began in 1900, when Max Planck assumed that energy is quantized in order to
derive a formula predicting the observed frequency dependence of the energy emitted by a black
body. This dependence is completely at variance with classical physics. In 1905, Einstein
explained the photoelectric effect by postulating that light energy comes in quanta later
called photons. In 1913, Bohr invoked quantization in his proposed explanation of the spectral
lines of the hydrogen atom. In 1924, Louis de Broglie proposed a quantum theory of the
wave-like nature of subatomic particles. The phrase "quantum physics" was first employed in
Johnston's Planck's Universe in Light of Modern Physics. These theories, while they fit the
experimental facts to some extent, were strictly phenomenological: they provided no rigorous
justification for the quantization they employed.
Modern quantum mechanics was born in 1925 with Werner Heisenberg's matrix mechanics
and Erwin Schrödinger's wave mechanics and the Schrödinger equation, which was a
non-relativistic generalization of de Broglie's(1925) relativistic approach. Schrödinger
subsequently showed that these two approaches were equivalent. In 1927, Heisenberg formulated
his uncertainty principle, and the Copenhagen interpretation of quantum mechanics began to take
shape. Around this time, Paul Dirac, in work culminating in his 1930 monograph finally joined
quantum mechanics and special relativity, pioneered the use of operator theory, and devised
the bra-ket notation widely used since. In 1932, John von Neumann formulated the rigorous
mathematical basis for quantum mechanics as the theory of linear operators on Hilbert spaces.
This and other work from the founding period remains valid and widely used.
Quantum chemistry began with Walter Heitler and Fritz London's 1927 quantum account of
the covalent bond of the hydrogen molecule. Linus Pauling and others contributed to the
subsequent development of quantum chemistry.
The application of quantum mechanics to fields rather than single particles, resulting in what are
known as quantum field theories, began in 1927. Early contributors included Dirac, Wolfgang
Pauli, Weisskopf, and Jordan. This line of research culminated in the 1940s in the quantum
electrodynamics (QED) of Richard Feynman, Freeman Dyson, Julian Schwinger, and Sin-Itiro
Tomonaga, for which Feynman, Schwinger and Tomonaga received the 1965 Nobel Prize in
Physics. QED, a quantum theory of electrons, positrons, and the electromagnetic field, was the

first satisfactory quantum description of a physical field and of the creation and annihilation
of quantum particles.
QED involves a covariant and gauge invariant prescription for the calculation of observable
quantities. Feynman's mathematical technique, based on his diagrams, initially seemed very
different from the field-theoretic, operator-based approach of Schwinger and Tomonaga,
but Freeman Dyson later showed that the two approaches were equivalent. The renormalization
procedure for eliminating the awkward infinite predictions of quantum field theory was first
implemented in QED. Even though renormalization works very well in practice, Feynman was
never entirely comfortable with its mathematical validity, even referring to renormalization as a
"shell game" and "hocus pocus". (Feynman, 1985: 128)
QED has served as a role model and template for all subsequent quantum field theories. One such
subsequent theory is quantum chromodynamics, which began in the early 1960s and attained its
present form in the 1975 work by H. David Politzer, Sidney Coleman, David Gross and Frank
Wilczek. Building on the pioneering work of Schwinger, Peter Higgs, Goldstone, and
others, Sheldon Glashow, Steven Weinberg and Abdus Salam independently showed how
the weak nuclear force and quantum electrodynamics could be merged into a single electroweak
force.

Physical interpretation of QED
In classical optics light travels over all allowed paths, and their interference results in Fermat's
principle. Similarly, in QED, light (or any other particle like an electron or a proton) passes over
every possible path allowed by apertures or lenses. The observer (at a particular location) simply
detects the mathematical result of all wave functions added up, as a sum of all line integrals. For
other interpretations, paths are viewed as non physical, mathematical constructs that are
equivalent to other, possibly infinite, sets of mathematical expansions. According to QED, light
can go slower or faster than c, but will travel at velocity c on average[4].
Physically, QED describes charged particles (and their antiparticles) interacting with each other
by the exchange of photons. The magnitude of these interactions can be computed
using perturbation theory; these rather complex formulas have a remarkable pictorial
representation as Feynman diagrams. QED was the theory to which Feynman diagrams were first
applied. These diagrams were invented on the basis of Lagrangian mechanics. Using a Feynman
diagram, one decides every possible path between the start and end points. Each path is assigned
a complex-valued probability amplitude, and the actual amplitude we observe is the sum of all
amplitudes over all possible paths. The paths with stationary phase contribute most (due to lack
of destructive interference with some neighboring counter-phase paths) — this results in the
stationary classical path between the two points.
QED doesn't predict what will happen in an experiment, but it can predict the probability of what
will happen in an experiment, which is how it is experimentally verified. Predictions of QED
agree with experiments to an extremely high degree of accuracy: currently about 10−12 (and
limited by experimental errors); for details see precision tests of QED. This makes QED the most
accurate physical theory constructed thus far.

Near the end of his life, Richard P. Feynman gave a series of lectures on QED intended for the
lay public. These lectures were transcribed and published as Feynman (1985), QED: The strange
theory of light and matter, a classic non-mathematical exposition of QED from the point of view
articulated above.

QUANTUM QUALITY CONTROL
DOUBLE Q C
QQC (trademarked)
A DEVICE FOR TESTING THE TRIVECTOR
ELECTRICAL SIGNATURE OF HOMEOPATHIC ITEMS
By Eclosion Kft, Budapest, licensed to SCIO International, Romania

Description of Device:
Thus device is designed to capture a polographic or voltammetric electrical
signature pattern of a liquid compound. Electro chemical analysis of compounds
is a tried and tested method of analysis. A review article is contained in the
appendix.
The International Journal of the Medical Science of Homeopathy has
published a series of articles on this technique. First the early process of analysis
was heralded in 1997, and later reviewed in the 2005 volume. Copies of these
articles are in the appendix.
The device uses a set of electrodes made of different metals. The different
metals invoke an electro-potential. This variant electro potentials will vary the
displaced electrons to reflect the electro potential variations to reflect the
substance changes.
The device will send a low level variant current thru a substance to be
tested. The changes in the potential are then measured thru this scale. A second
pass will vary voltage and measure current variations.
Changes in the magnetic or inductance field will be measured. And
changes in the dielectric or static field will be reflected in the measurement.
Thus an electro-magnetic-static picture will evolve from the test. Thus
three dimensional reflection of the liquid crystal structure of the substance will be
measured. This three dimensional field is termed the Trivector (trademarked).

The Trivector field reflects the electro-signature of any item tested.

Potential of measurement
The system operates in a range of Voltages distributed from zero to
four volts. The amperage current ranges from zero thru 15 milliamps. The system
is designed to test substances not for patient testing.

Portray of System
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QUANTUM QUALITY CONTROL VOLTAMMETRIC ANALYSIS This device description
relates to an appliance for a UNIVERSAL voltammetric analysis.
Preface:
Electrochemical sensing methodologies are used in a wide range of applications, from
understanding the physics of electron transfer (ET) to understanding chemical activity.
From a plethora of electrochemical techniques, voltammetry, where the electrode
voltage is excited in a predetermined manner, has been heavily applied for various
chemical, biological, environmental and industrial measurements. For instance, the
extensively used cyclic voltammetry, where the voltage excitation is a ramp, has
delivered new insights in phenomena as mixed as neurotransmitter dynamics, protein
ET or fuel cell technology. Elaborated voltage inputs such as ac voltammetry have been
applied in order to investigate the electrochemical pattern under investigation on variant
timescales, explore the kinetics and thermodynamics of dissimilar processes or
selectively target specific process dynamics, such as parallel reactions, leading to
similarities with NMR or impedance spectroscopy but with the advantage of including in
vivo applications. Transcutaneous Voltammetric Evoked Potential gives us insight to
reactive processes in the body human. Regardless of the apparent advantages of
such voltammetric methodologies their employment is difficult The lead contest lies in
the clarification of the current response signal. Previous work has revealed how the
shape of the current response is related to different processes such as kinetic- or mass
transport- control, it did not offer direct information about the relationship between the
applied voltage and the resulting patterns in the current response. This is due to the
highly nonlinear relation between the applied voltage and the transient current response
which renders a direct association non-intuitive. How do the parameters of the applied
voltage influence the electrochemical current response? Indeed, how could the applied
voltage waveform be manipulated in such a manner to quantify the underlying dynamics
even more efficiently? Using voltammetry the experimentalist can apply a wide variety
of voltage waveforms that can be used to analyse the electrochemical process. Hitherto,
such possibilities have remained unexplored due to the mainly empirical knowledge
regarding such processes. For instance, cyclic voltammetry or square wave
voltammetry, the two most popular voltammetric methods, were developed over 50
years ago and the techniques used to analyse them, mostly empirical, have remained
essentially the same for the past two decades. The research proposed herein will
enhance our understanding of the underlying phenomena and the governing
parameters of such processes. Based on this knowledge we will design more efficient
excitations and propose rules of extracting the information sought. For instance, the
findings of this analysis could be used to enable harmonic time-dependent amplitude
and frequency excitations, so-called chirps, to be used to provide fast and accurate
information about various processes occurring on different timescales. This would be a
significant step towards the use and application of 'tailored' voltage waveforms to

interrogate electrochemical systems. In this project we propose to study these effects
theoretically using well-established analytical tools for four model cases: (a) an
electrochemical species undergoing heterogeneous ET and 1-dimensional diffusion as
in macroelectrode experiments; (b) apply the findings of (a) for very slow diffusion (D?0,
where D is the diffusivity) in order to include cases for permanently adsorbed species on
the electrode surface; (c) include uncompensated resistance in (a) and quantify its
effect on the overall functionalities; and (d) an electrochemical species undergoing
heterogeneous ET and 2-dimensional axis-symmetric diffusion as in microelectrode
experiments. In order to conduct this research, we combine Dr Siggers', Dr Parker's and
Dr Stone's expertise in perturbations methods, asymptotic analysis, fluid mechanics and
biofluidics with Dr O'Hare's and Dr Anastassiou's background on theoretical and
experimental aspects of voltammetry
Voltammetric analysis is a widely used electro-chemical analytical technique. The
science of this technique has been well described in voluminous publications [1,2].
Voltammetric analysis can be performed using various waveforms, for example, linear,
pulse, square and AC or using various operation modes, for example cyclic voltammetry
and stripping voltammetry [3].
Myriads of inventors have reported specific devices and methods for voltammetric
analysis. Girault [4] exhibited a device for exchange of electrodes. Fidler et al [5]
revealed a circuit to maintain a stable potential difference between the working and the
reference electrodes. Tur Yan et al [6] applied a special cell to detect trace metals using
stripping voltammetry.
Saloheimo et al [7] presented ultrasonic vibration throughout pre-electrolysis in stripping
voltammetry. Many researchers have designed special electrodes for anodic stripping
voltammetry [8-10].
Kissinger [11] forecasted the prospect of electroanalytical instrumentation as being
computerization, miniaturization and automation. Computers have been applied to
collect electrochemical signals [12], to obtain data and direct experiments [13] and to
modify waveforms [14]. Many computerised voltammetric instruments are now
commercially obtainable from many instrument manufacturers.
However, computerised voltammetric instruments are chiefly large in size and costly.
Small polarographic or voltammetric analysers are available for specific analytes, such
as aldehyde [15] and lead [16]. Multi-element analysis using this type of equipment can
be achieved by using multichannel selection [17] or multi-electrodes [18]. However, the
number of elements that can be analysed is restricted.
The art of voltammetric analysis often embraces many decision making steps. Although
computerised voltammeters can run examinations automatically it is still required for the
supporting electrolytes, calibration standards and experimental conditions, such as
initial potential, final potential, scan rate and current range, to be picked by an operator

before the analysis commences. During analysis, voltammograms with peak currents or
peak areas need to be acquired, and after analysis, the data requires processing and
the results reported. These decision making steps demand trained personnel with
education and familiarity.
Although they can be simplified into a computer program as established by De kreuk et
al [19] in an automatic stripping voltammetric method, as designated by some
researchers [20], automation of voltammetric instrument is a more involved task than
that of other electro-chemical analytical techniques. Hence, automation is often at the
level of operation rather than the decision making process.
Computerised and automated systems still involve skilled and experienced personnel to
operate them.
Traditional electrodes for voltammetry have the difficulty that it is taxing to ensure good
electrical contact between the electrode and the electrical wire coupling the electrode to
the analysing equipment. In variously kinds of electrodes, such as glassy carbon, it is
impossible to solder the electrical wire to the electrode.
Traditional methods of electrically contacting the wire to the electrode include using
mercury to bond the wire to the electrode or using conductive glue. Mercury has the
drawback that it is toxic and the conductive glue has the detriment that it is not easy to
detach the conductor from the electrodes.
Instruments for voltammetric analysis include a processor; a primary memory device
coupled to the processor, the primary memory device including a programmable read
only memory and storing a number of electrochemical cell control programs; an output
device coupled to the processor; an input device coupled to the processor; a second
memory device coupled to the processor; an electrochemical cell controller coupled to
the processor, the cell controller being adapted to be coupled to an electrochemical cell;
the processing device, in response to a substance input signal entered via the input
device, retrieving a corresponding electrochemical cell control program, and instructing
the cell controller to direct a scanning voltage to an electrochemical cell coupled to the
cell controller in use, in correspondence with the retrieved control program, and
processing output signals received by the cell controller from the electrochemical cell, in
response to the applied scanning voltage, to obtain an expression of the concentration
of a substance, corresponding to analyze the input signal, in the electrochemical cell,
and outputting the indication to the output device.
Preferably, the programmable read only memory is an electrically erasable
programmable read only memory (EEPROM).
Preferably, the output device comprises a display device, such as a liquid crystal display
(LCD). However, alternatively or in addition, the output device may comprise an
interface device which permits the processor to communicate with another processing
device, such as a computer, or with a storage device, such as a magnetic disk or tape

drive.
Preferably, the cell controller includes a potentiostat and a signal processor.
Preferably, the apparatus is for stripping voltammetric analysis of a substance in an
electrochemical cell.
In accordance with a second aspect of the present invention, an electrochemical cell
comprises a container comprising a bottom portion, an upper portion and an opening to
permit a liquid to be analysed to be introduced into the container; a stirring device
depending from the upper portion into the bottom portion of the container; and a counter
electrode and a working electrode depending from the upper portion into the bottom
portion of the container.

The electrochemical cell further contains a reference electrode which also depends from
the upper portion of the container such that the reference electrode is adjacent the
stirring device and located between the counter and the working electrodes.
Preferably, the
adapted to be
in accordance
the invention.

electrochemical cell is
used with the apparatus
with the primary aspect of

In accordance
with a third aspect of the
present
invention, a coupling
device for
electrically connecting a
conductor to an
electrode for an electric
chemical cell
comprises a first
conducting
member; a second
conducting
member, electrically
coupled and
movably coupled to the
first conducting
member; and a biasing
device to bias
the first and the second
member away
from each other; the first
conducting member being adapted to be coupled to an electrical conductor and the

an
and

second member having
engagement portion
adapted to engage with
electrically couple the
second member an
electrode for an
electrochemical cell.

Preferably, one of the
first
and the second members
is
slidably located within the
other
of the first and the
second members such that the engagement portion of the second portion is biased
away from the first member by the biasing device.
Typically, the second member is slidably located within the first member.
Preferably, the engagement surface of the second member is of a material which
provides a low electrical contact resistance with the material of the electrode with which
the engagement surface is to be engaged. For example, the material of the engagement
portion may be a material which is harder than the material of the electrode, such as
titanium or iridium, or a material which has a low susceptibility to oxidation, such as
gold.
Typically, the first member may include an aperture in the first member adapted to
receive a generally cylindrical electrically conducting member such that the conducting
member when inserted into the aperture is electrically coupled to the first member.
However, as an alternative to, or in addition to, the external power supply, the handheld
analyser 30 may be powered by an internal battery, such as any form of suitable
conventional rechargeable battery. Typically, the battery may be recharged by the
external power supply via the port 31 when necessary.

The remainder of the components, including the microprocessor 2, the QQC, the RAM
5, the potentiostat 7, the cell controller 8 and the signal processor 9 are contained within

the housing of the analyser 30.
Through normal voltammetric analysis of liquids, the indicator electrode should be
frequently changed in order to forestall memory effects and resultant alterations to
rudiment conditions during measurement. In order to be able to change the indicator
electrodes simply, a muktitude of indicator electrodes are organized on a common
carrier. For conformation of the liquid to be analyzed, a vessel is provided and the
carrier is mounted to move in relation to this vessel in such a way that one of the
indicator electrodes can be selectively conveyed into the area intended for the liquid.
The reference electrode essential for the measurement is arranged in the vessel and
likewise connected with the measuring device. With that, changing of the selected
electrode ensues by moving the carrier relative to said vessel.
To avoid the memory effects we use a low current passive electrodes that are designed
for easy cleaning with alcohol.
This invention is designed to measure most any substance for a voltammetric signature.
By using natural body electric phenomena and a four part electrode system, we can get
a measure of the trivector or three dimensional voltammetric signature of most any item
used by humans. This includes nosode, allersodes, isodes, sarcodes. Etc. The unique
parts of this invention is the operative voltage, four part electrode system, and the new
software analysis. The electrodes are made of silver, zinc, gold, and steel. This allows
for a more natural reflection of the voltammetric signature.

Examples
of
typical ions
that
can be
detected
are
ions of
titanium,
vanadium, chromium, manganese, iron, cobalt, nickel, zinc, gallium, germanium,
arsenic, silver, cadmium, indium, tin, antimony, tungsten, platinum, gold, mercury,
thallium, lead and bismuth, as well as organic compounds such as aromatics,
aldehydes, alcohols, ketones, ethers, quinones, halides, heterocyclics, nitrocompounds,
amines, phenols, organic acids and organic metallics.
In fact the apparatus 1 and the cell 11 can be used to detect any ion which can be
detected using conventional voltammetry.
Concentrations that can be detected can be any concentration which can be detected
using conventional voltammetric analysis, and typically any concentration in the range
from approximately lppb to 1000ppm.

Instructions Manual
The use manual is abbreviated for simplicity. Page 1 has code activation that is given by
the manufacturer for further access.
Page one then has the matrix of previously tested items on the left. If you click on an
item in the matrix it is loaded into the test pattern for QQC testing. It is then the default.
You will need to change the item if you want to test any new item.
Movie 1,2,3, are for basic information on the history of the device.
Make Report Button is for a final record of today’s work complete with date and
recorded of personal on record please change if needed.

Access the Main QQC Tests Button gives access to the next test page.
QQC interface provides access to the VoltAmmetry test panel.
The New Vistas Remedy Formulas give a basic access to the recipe list of the
new Vistas remedies.
If you click on several items in the matrix on the left you can add their energetic
VoltAmmetric fields to the Energy pattern box. This allows for a combination activation
of the substrate item in the output vial.
Energetic Activation + Piggy Back button allows you to charge a remedy
VoltAmmetric signature to a substrate or to another item in the electrode vial.
Clear Memo of Piggy Back allows you to reset the input tray.
About and Close are self explanatory

Next Page
Access the Main QQC Tests Button gives access to the next test page.
The trivector patterns appear on the top of the screen to the left.
The See Trivector Pattern button allows access of the trivector panel previous
results.
See New Vistas Remedy formulas give a basic access to the recipe list of the
new Vistas remedies.
Energetic Water Activation provides a stable Zeta field into empty water to
increase the trivector input capacity.
QQC interface provides access to the VoltAmmetry test panel.
Test new Remedy allows access to the QQC test panel. This is not activated for
all and needs permission for access.
Make remedy from scratch allows the admission of a trivector field to just water
and or alcohol combination to make a remedy energetically.
To use first list the size of the Vat in liters in the appropriate edit box. Then
answer the preparation questions. Question by question till all preparation questions
are positive. This allows access to the QQC final test.

QQC FINAL USE PANEL
everything is ready if the preparation questions are answered truthfully and the
test can proceed. Start makes a new test and the Start Sample VA QQC test makes the
VoltAmmetry test active. There is a changing volt input of one deci-volt per second. The
four amperage readouts from the electrode appear in the top middle of the screen. The
results are displayed on a graph in the bottom of the screen.
The test gives us a 40 time four first matrix which using a fast Fourier transform
gives us the 22X22X22 trivector matrix. To retest a second item please restart the
computer as that an electrode cleansing reset is developed in the first activation.
Results can be cataloged with the report button. There are confidential trade secrets to
protect the developer locked in the trivector conversion.

References
1. Peter T. Kissinger, William R. Heineman,"Laboratory Techniques in Electroanalytical Chemistry", by Marcel Dekker
Inc USA 1996.
2. E. A. M. F Dahmen,"Electroanalysis", Elsevier Science Publishing Co. Inc. USA 1986.
3. Kh. Brainina, E. Neyman,"Electroanalytical Stripping Methods"by John Wley & Sons, Inc. USA 1993 4. US Patent
No. 5,686,829, Voltammetric Method and Apparatus.
5. US Patent No. 5,198,771, Potentiostatic Apparatus & Methods.
6. US Patent No. 5,635,043, Device Comprising Microcell for Batch Injection.
7. US Patent No. 4,786,373, Voltammetric Method of Measuring.
8. US Patent No. 4,201,646, Apparatus for Stripping Voltammetry.
9. US Patent No. 4,058,446, Anodic Stripping Voltammetry System & Combination Electrode Assembly Therefore.
10. US Patent No. 3,904,487, Anodic Stripping Voltammetry & Apparatus Therefor.
11. Peter T. Kissinger, The Future of Electroanalytical Instrumentation,"Analyst, May 1994 Vol. 119.
12. US Patent No. 5,644,501, Method of Using a Computer to Collect Chemical Signals Directly.
13. Karsten N. Thomsen, Hans J. Skov, Maria E. R. Dam,"A Flexible Instrument for Voltammetry, Amperometry and
Stripping Potentiometry", Analytica Chimica Acta 293 (1994) 1-17.
14. B. Y. Liao, M. S. Young, and C. Y. Wang,"PC-Based Instrument of a Modified Differential Normal Pulse
Voltammetry with Background Current Correction Technique"Rev. Sci.
Instrum., Vol. 65, No. 5, May 1994.
15. US Patent No. 3,922,205, Portable Polarographic Analyser and Quick Polarographic Determinations.
16. US Patent No. 5,437,772, Portable Lead Detector.
17. Gwyn Williams and Claudius D'Silva,"Hand-Held Instrumentation for Environmental Monitoring"Analyst, February
1994, Vol. 119.
18. US Patent No. 5,217,112, Voltammetric Analysis Apparatus and Method.
19. M. Valcarcel, M. D. Luque de Castro"Automatic Methods of Analysis", Elsevier Science Publishers B. V. 1988.
20. US Patent No. 4,220,515, Apparatus for Automatically Determining the Amount of One or More Substances in a
Liquid.

Selected publications
“Enzymatic catalysis on conducting graphite particles.” K.A. Vincent, X.
Li, C.F. Blanford, N.A. Belsey, J.H. Weiner and F.A. Armstrong. Nat. Chem.
Biol., in press (2007). [PDF]
•
Energy … beyond oil. Edited by F. Armstrong and K. Blundell. Oxford
University Press: Oxford (2007). [Link]
•
“Rapid and efficient electrocatalytic CO2/CO interconversions by
Carboxydothermus hydrogenoformans CO dehydrogenase I on an electrode.”
A. Parkin, J. Seravalli, K.A. Vincent, S.W. Ragsdale and F.A. Armstrong. J.
•

Am. Chem. Soc. 129(34), 10328-10329 (2007). [PDF]
•
“Investigating and exploiting the electrocatalytic properties of
hydrogenases.” K.A. Vincent, A. Parkin and F.A. Armstrong. Chem. Rev.
107(10), 4366-4413 (2007). [PDF]
•
“A stable electrode for high-potential, electrocatalytic O2 reduction
based on rational attachment of a blue copper oxidase to a graphite
surface.” C.F. Blanford, R.S. Heath and F.A. Armstrong. Chem. Commun.
(17), 1710-1712 (2007). [PDF]
•
“Electricity from low-level H2 in still air – an ultimate test for an
oxygen tolerant hydrogenase.” K.A. Vincent, J.A. Cracknell, J.R. Clark, M.
Ludwig, O. Lenz, B. Friedrich and F.A. Armstrong. Chem. Commun. (48),
5033-5035 (2006). [PDF]
•
“Rapid and Reversible Reactions of [NiFe]-Hydrogenases with Sulfide.”
K.A. Vincent, N.A. Belsey, W. Lubitz and F.A. Armstrong. J. Am. Chem. Soc.
128(23), 7448-7449 (2006). [PDF]
•
“Electrochemical investigations of the interconversions between
catalytic and inhibited states of the [FeFe]-hydrogenase from Desulfovibrio
desulfuricans.” A. Parkin, C. Cavazza, J.C. Fontecilla-Camps and F.A.
Armstrong. J. Am. Chem. Soc. 128(51), 16808-16815 (2006). [PDF]
•
“Application of Power Spectra Patterns in Fourier Transform Square
Wave Voltammetry To Evaluate Electrode Kinetics of Surface-Confined
Proteins.” B.D. Fleming, N.L. Barlow, J. Zhang, A.M. Bond and F.A.
Armstrong. Anal. Chem. 78(9), 2948-2956 (2006). [PDF]
•
“The pyrolytic graphite surface as an enzyme substrate: microscopic
and spectroscopic studies.” C.F. Blanford and F.A. Armstrong. J. Solid State
Electr. 10(10), 826-832 (2006). [PDF]
•
Shriver and Atkins Inorganic Chemistry. 4 rev. ed. Oxford University
Press: Oxford (2006). [Link]
•
“Electrochemical Definitions of O2 Sensitivity and Oxidative
Inactivation in Hydrogenases.” K.A. Vincent, A. Parkin, O. Lenz, S.P.J.
Albracht, J.C. Fontecilla-Camps, R. Cammack, B. Friedrich and F.A.
Armstrong. J. Am. Chem. Soc. 127(51), 18179-18189 (2005). [PDF]
•
“Electrocatalytic hydrogen oxidation by an enzyme at high carbon
monoxide or oxygen levels.” K.A. Vincent, J.A. Cracknell, O. Lenz, I. Zebger,
B. Friedrich and F.A. Armstrong. Proc. Natl. Acad. Sci. USA 102(47),
16951-16954 (2005). [PDF]
•
“The Mechanism of Activation of a [NiFe]-Hydrogenase by Electrons,
Hydrogen, and Carbon Monoxide.” S.E. Lamle, S.P.J. Albracht and F.A.
Armstrong. J. Am. Chem. Soc. 127(18), 6595-6604 (2005). [PDF]

“Recent developments in dynamic electrochemical studies of adsorbed
enzymes and their active sites.” F.A. Armstrong. Curr. Opin. Chem. Biol.
9(2), 110-117 (2005). [PDF]
More publications
•

Patents
•

Electrode. F.A. Armstrong, C.F. Blanford and R.S. Heath. UK Patent
Application No. 0623490.0. International patent application. (Nov
2006)

•

Tolerant Hydrogenase for Fuel Cells. F.A. Armstrong, K.A. Vincent, O.
Lenz and B. Friedrich. UK Patent Application No. 0420341.0.
International patent application. (Sept 2005).

•

Membrane-less Enzymatic Fuel Cell. F.A. Armstrong and K.A. Vincent.
UK patent application No. 0507564.3. International patent application
(Sept 2005).

Fuel Cell. F.A. Armstrong. International Patent Pub. No. WO
03/019705 A2. Published (2003)
Family list
5 application(s) for: EP1636575 (A1)
•

•Top of Form

VOLTAMMETRIC DETECTION OF
METABOLITES IN PHYSIOLOGICAL
FLUIDS

VOLTAMMETRIC DETECTION OF METABOLITES IN
PHYSIOLOGICAL FLUIDS

VOLTAMMETRIC DETECTION OF METABOLITES IN
PHYSIOLOGICAL FLUIDS

Voltammetric detection of metabolites in physiological fluids

VOLTAMMETRIC DETECTION OF METABOLITES IN
PHYSIOLOGICAL FLUIDS

•Bottom of Form
•

50. “An In-situ Electrochemical STM Study of Potential-Induced Coarsening and Corrosion of Platinum
Nano Crystals,” Qingmin Xu, Eric Kreidler, David Wipf, and Ting He, J. Electrochem. Soc., In press.

•49.
Φεεδβαχκ Εφφεχτσ ιν Χοµβινεδ Φαστ−Σχαν Χψχλιχ ςολταµµετρψ−Σχαννινγ Ελεχτροχηεµιχαλ
Μιχροσχοπψ, ∆ανιελ Σ. Σχηροχκ, ∆αϖιδ Ο. Ωιπφ, ανδ ϑοην Ε. Βαυρ, Αναλ. Χηεµ.,2007, 79, 4931−4941.
•*48. Μιχροπαρτιχλε−Βασεδ Ιριδιυµ Οξιδε Υλτραµιχροελεχτροδεσ φορ πΗ Σενσινγ ανδ Ιµαγινγ, Εµαδ
Ελ−∆εεν Μ. Ελ−Γιαρ ανδ ∆αϖιδ Ο. Ωιπφ, ϑ. Ελεχτροαναλ. Χηεµ., 2007, 609, 147−154.
•47. Ιν Σιτυ Ελεχτροχηεµιχαλ ΣΤΜ Στυδψ οφ τηε Χοαρσενινγ οφ Πλατινυµ Ισλανδσ ατ ∆ουβλε−Λαψερ
Ποτεντιαλσ, Θινγµιν Ξυ, Τινγ Ηε, ανδ ∆αϖιδ Ο. Ωιπφ, Λανγµυιρ, 2007, 23,9098− 9103.
•*46. Φαστ−Σχαν Χψχλιχ ςολταµµετρψ − Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπψ, Λυισ ∆αζ−Βαλλ
οτε, Μαριο Αλπυχηε−Αϖιλεσ, ανδ ∆αϖιδ Ο. Ωιπφ, ϑ. Ελεχτροαναλ. Χηεµ., 2007, 604, 17−25.
•45.
Αν Ελεχτροχηεµιχαλ ΣΤΜ Στυδψ οφ Χοαρσενινγ ανδ Χορροσιον οφ Πλατινυµ Φιλµσ, Θινγµιν
Ξυ, Εριχ Κρειδλερ, ∆αϖιδ Ωιπφ, ανδ Τινγ Ηε, ΕΧΣ Τρανσ., 2007, 11(1), 1279−1287.
•44. Σιµπλε Φαβριχατιον οφ α Σιλϖερ Εποξψ Χοατεδ Μιχροελεχτροδε φορ ΣΕΧΜ Ιµαγινγ ιν Σµαλλ ςολ
υµεσ, Λυισ ∆αζ−Βαλλοτε ανδ ∆αϖιδ Ο. Ωιπφ, ΕΧΣ Τρανσ., 2007, 3(31), 249−258.
•*43. Πρεπαρατιον οφ Τιπ−Προτεχτεδ Πολψ(οξψπηενψλενε) Χοατεδ Χαρβον−Φιβερ Υλτραµιχροελεχτρ
οδεσ, Εµαδ Ελ−∆εεν Μ. Ελ−Γιαρ ανδ ∆αϖιδ Ο. Ωιπφ, Ελεχτροαναλψσισ, 2006, 18, 2281−2289.
•42.
Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπψ οφ Μοδελ Νευρονσ: Χονσταντ ∆ιστανχε Ιµαγινγ, Ρυωαν
Τ. Κυρυλυγαµα, ∆αϖιδ Ο. Ωιπφ, Σαρα. Α. Τακαχσ, Σιρινυν Πονγµαψτεεγυλ, Παυλ Α. Γαρρισ, ανδ ϑοην Ε.
Βαυρ, Αναλ. Χηεµ., 2005,77, 1111 −1117.
•*41. “Review of laboratory and outdoor exposure efficacy results of organic biocide: Antioxidant combinations, an
initial economic analysis and discussion of a proposed mechanism,” Tor P. Schultz, Darrel D. Nicholas, William P.
Henry, Charles U. Pittman, David O. Wipf and Barry Goodell, Wood Fiber Sci., 2005,37, 175-184.

•*40.
ςολταµµετρψ ανδ Συρφαχε Αναλψσισ οφ ΑΙΣΙ 316 Σταινλεσσ Στεελ ιν Χηλοριδε−Χονταινινγ Σιµυλατε
δ Χονχρετε Πορε Ενϖιρονµεντ, Λυχιεν ςελεϖα, Μαριο Αλπυχηε−Αϖιλεσ, Μελισσα Κ. Γραϖεσ−Βροοκ,
ανδ ∆αϖιδ Ο. Ωιπφ, ϑ. Ελεχτροαναλ. Χηεµ, 2005, 578, 45−53.
•*39.
Αχτιϖιτψ οφ ΣιΧ Παρτιχλεσ ιν Αλ−Βασεδ Μεταλ Ματριξ Χοµποσιτεσ Ρεϖεαλεδ βψ ΣΕΧΜ, Λ. ∆αζ−

Βαλλοτε, ∆αϖιδ Ο. Ωιπφ, Λ. ςελεϖα, Μ. Α. Πεχη−Χανυλ, Μ. Ι. Πεχη−Χανυλ, ϑ. Ελεχτροχηεµ. Σοχ., 2004, 1

51, Β299−Β303.
•*38. “Voltammetry Simulations with Spreadsheets,” David O. Wipf, Submitted to J. Chem. Ed., In revision.
•37.
Ινϖεστιγατιονσ οφ ΠΧ12 Χελλσ ωιτη τηε ΒιοΣΕΧΜ. 1. Ρεδοξ Μεδιατορ Εϖαλυατιον ανδ Ρεαλ−Τιµε
Μεασυρεµεντσ οφ Μορπηολογιχαλ Χηανγεσ, ϑοηαννα Μ. Λιεβετραυ, Ηεατηερ Μ. Μιλλερ, ϑοην Ε. Βαυ
ρ, Σαρα Α.Τακαχσ, Ριχκ Χρουσ, ςιπαϖε Ανυπυνπισιτ, Παυλ Α. Γαρρισ, ∆αϖιδ Ο. Ωιπφ, Αναλ. Χηεµ., 2003
, 75, 563−571.
•*36.
Παττερνινγ ανδ Ιµαγινγ οφ Οξιδεσ ον Γλασσψ Χαρβον Ελεχτροδε Συρφαχεσ βψ Σχαννινγ Ελεχτροχηεµι
χαλ Μιχροσχοπψ, Ροβερτ Χ. Τενεντ ανδ ∆αϖιδ Ο. Ωιπφ, ϑ. Ελεχτροχηεµ. Σοχ., 2003, 150, Ε131−Ε139.
•*35.
Αν ιν σιτυ Ελεχτροχηεµιχαλ Στυδψ οφ Ελεχτροδεποσιτεδ Νιχκελ ανδ Νιχκελ−Ψττριυµ Οξιδε Χοµποσιτε
Υσινγ Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπψ, Λ. ςελεϖα, Λ. ∆ιαζ−Βαλλοτε ανδ ∆αϖιδ Ο. Ωιπφ, ϑ. Ελε
χτροχηεµ. Σοχ., 2003, 150, Χ1−Χ6.
•*34.
Χοµπαρατιϖε Χψχλιχ ςολταµµετρψ ανδ Συρφαχε Αναλψσισ οφ Πασσιϖε Φιλµσ Γροων ον 316 Σταινλε
σσ Στεελ ιν Χονχρετε Πορε Μοδελ Σολυτιονσ, Μαριο Αλπυχηε−Αϖιλεσ, Λ. ςελεϖα, ανδ ∆αϖιδ Ο. Ωιπφ,
ϑ. Ελεχτροαναλ. Χηεµ.,2002, 537, 85−93.
•*33.
Ιµπεδανχε Φεεδβαχκ Χοντρολ φορ Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπψ, Μαριο Α. Αλπυχηε−Αϖι
λεσ ανδ ∆αϖιδ Ο. Ωιπφ, Αναλ. Χηεµ., 2001, 73, 4873−4881.
•*32
. Χονδυχτιϖιτψ ∆ετεχτιον φορ Μονιτορινγ Μιξινγ Ρεαχτιονσ ιν Μιχροφλυιδιχ ∆εϖιχεσ, Ψαν Λιυ, ∆αϖ
ιδ Ο. Ωιπφ ανδ Χηαρλεσ Σ. Ηενρψ Αναλψστ, 2001, 126, 1248−1251.
•*31. “Fabricating and Imaging Carbon-Fiber Immobilized Enzyme Ultramicroelectrodes with Scanning
Electrochemical Microscopy,” , Robert C. Tenent and David O. Wipf, Anal. Sci. 2001, 17, 27-35.

•*30.
Υς/Οζονε Πρετρεατµεντ οφ Γλασσψ Χαρβον Ελεχτροδεσ, ϑυνφενγ Ζηου ανδ ∆αϖιδ Ο. Ωιπφ, ϑ. Ελεχτ
ροαναλ. Χηεµ., 2001, 499, 121−128.
•*29.
Μιχροσχοπιχ Μεασυρεµεντ οφ πΗ ωιτη Ιριδιυµ Οξιδε Μιχροελεχτροδεσ, ∆αϖιδ Ο. Ωιπφ, Φυψυν Γε, Τ
ηοµασ Ω. Σπαινε, ϑοην Ε. Βαυρ, Αναλ. Χηεµ.,2000, 72, 4921−4927.
•*28 . “Crystallographic and Stereoscopic Characterization of
Tetrakis(m-N,N-diarylformamidinato)dichlorodirhenium(III,III) Compounds,” Judith L. Eglin, Chun Lin, Tong Ren,
Laura Smith, Richard J. Staples, and David O. Wipf, Euro. J. of Inorg. Chem. 1999, 2095-2013.

•*27
. Σψντηεσισ οφ Μυλτιπλψ−Βονδεδ ∆ιχηροµιυµ Χοµπλεξεσ ωιτη α ςαριετψ οφ Φορµαµιδινατε Λιγανδσ,
Κατηρψν Μ. Χαρλσον−∆αψ, ϑυδιτη Λ. Εγλιν, Χηυν Λιν, Λαυρα Τ. Σµιτη, Ριχηαρδ ϑ. Σταπλεσ, ανδ ∆αϖ
ιδ Ο. Ωιπφ, Πολψηεδρον, 1999, 18, 817−824.
•26.
Σελεχτιϖε ∆ετερµινατιον οφ Μετηψλµερχυρψ βψ Φλοω−Ινϕεχτιον Φαστ−Σχαν ςολταµµετρψ, Ρεβε
χχα Λαι, Εϖα Λ Ηυανγ, Φειµενγ Ζηου, ανδ ∆αϖιδ Ο. Ωιπφ, Ελεχτροαναλψσισ., 1998, 10, 926−930.
•*25.
Λοχαλιζεδ Αϖιδιν/Βιοτιν ∆εριϖατιζατιον οφ Γλασσψ Χαρβον Ελεχτροδεσ Υσινγ Σχαννινγ Ελεχτροχηε
µιχαλ Μιχροσχοπψ , Ωιλβυρ Β. Νοωαλλ, ∆αϖιδ Ο. Ωιπφ, ανδ Ωερνερ Γ. Κυηρ, Αναλ. Χηεµ., 1998, 70, 260

1−2606.
•*24.
Βρεακδοων οφ τηε Ιρον Πασσιϖε Λαψερ βψ υσε οφ τηε Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπε, ϑοη
ν Ω. Στιλλ ανδ ∆αϖιδ Ο. Ωιπφ ϑ. Ελεχτροχηεµ. Σοχ., 1997, 144, 2657−2665.
•*23.
Χονστρυχτιον οφ Γολδ Μιχρο−Βεαδ Ελεχτροδεσ, ∆εον Τ. Μιλεσ+, Ανδρεω Κνεδλικ+, ανδ ∆αϖιδ Ο. Ωι
πφ Αναλ. Χηεµ., 1997, 69, 1240−1243.
•*22.
∆εποσιτιον οφ Χονδυχτινγ Πολψανιλινε Παττερνσ ωιτη τηε Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπε,
ϑυνφενγ Ζηου ανδ ∆αϖιδ Ο. Ωιπφ ϑ. Ελεχτροχηεµ. Σοχ., 1997, 144, 1202−1207.
•*21.
Οηµιχ ∆ροπ Χοµπενσατιον ιν ςολταµµετρψ: Ιτερατιϖε Χορρεχτιον οφ τηε Αππλιεδ Ποτεντιαλ, ∆αϖιδ
Ο. Ωιπφ Αναλ. Χηεµ., 1996, 68, 1871−1876.
•*20. Ινιτιατιον ανδ Στυδψ οφ Λοχαλιζεδ Χορροσιον βψ Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπψ, ∆α
ϖιδ Ο. Ωιπφ Χολλοιδσ ανδ Συρφαχεσ Α, 1994, 93, 251−261.
•19.
Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπψ. 21. Χονσταντ−Χυρρεντ Ιµαγινγ, ∆αϖιδ Ο. Ωιπφ, Αλ
λεν ϑ. Βαρδ, ανδ ∆εννισ Ε. Ταλλµαν Αναλ. Χηεµ.,1993, 65, 1373−1377.
•18.
Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπψ. 15. Ιµπροϖεµεντσ ιν Ιµαγινγ ϖια Τιπ−Ποσιτιον Μοδ
υλατιον ανδ Λοχκ−Ιν ∆ετεχτιον, ∆αϖιδ Ο. Ωιπφ ανδ Αλλεν ϑ. Βαρδ Αναλ. Χηεµ., 1992, 64, 1362−1367.
•17.
Χηεµιχαλ Ιµαγινγ οφ Συρφαχεσ ωιτη τηε Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπε, Αλλεν ϑ. Β
αρδ, Φυ−Ρεν Φ. Φαν, ∆αϖιδ Τ. Πιερχε, Πατριχκ Ρ. Υνωιν, ∆αϖιδ Ο. Ωιπφ, ανδ Φειµενγ Ζηου Σχιενχε, 1991
, 254, 68−74.
•16.
Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπψ. 12. Τηεορψ ανδ Εξπεριµεντ οφ τηε Φεεδβαχκ Μοδε
ωιτη Φινιτε Ηετερογενεουσ Ελεχτρον−Τρανσφερ Κινετιχσ ανδ Αρβιτραρψ Συβστρατε Σιζε, Αλλεν ϑ. Βα
ρδ, Μιχηαελ ς. Μιρκιν, Πατριχκ Ρ. Υνωιν, ∆αϖιδ Ο. Ωιπφ ϑ. Πηψσ. Χηεµ., 1992, 96, 1861−1868.
•15.
Τηε Αππλιχατιον οφ Ραπιδ Σχαν Χψχλιχ ςολταµµετρψ το α Στυδψ οφ τηε Οξιδατιον ανδ ∆ιµεριζ
ατιον οφ Ν,Ν−∆ιµετηψλανιλινε ιν Αχετονιτριλε, Ηονγϕυν Ψανγ, ∆αϖιδ Ο. Ωιπφ, Αλλεν ϑ. Βαρδ ϑ. Ελεχτ
ροαναλ. Χηεµ., 1992, 331, 913−924.
•14.
Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπψ. 11. Ιµπροϖεµεντ οφ Ιµαγε Ρεσολυτιον βψ ∆ιγιταλ Πρ
οχεσσινγ Τεχηνιθυεσ, Χηονγµοκ Λεε, ∆αϖιδ Ο. Ωιπφ, Αλλεν ϑ. Βαρδ, Κειτη Βαρτελσ, ανδ Αλαν Χ. Βοϖι
κ Αναλ. Χηεµ., 1991, 63, 2442−2447.
•13.
Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπψ. 10. Ηιγη Ρεσολυτιον Ιµαγινγ οφ Αχτιϖε Σιτεσ ον αν
Ελεχτροδε Συρφαχε, ∆αϖιδ Ο. Ωιπφ ανδ Αλλεν ϑ. Βαρδ ϑ. Ελεχτροχηεµ. Σοχ., 1991, 138, Λ4−Λ6.
•12. “Scanning Electrochemical Microscopy,” Allen J. Bard, Patrick R. Unwin, David O. Wipf, and Feimeng Zhou
Am. Inst. Phys., Conf. Proc.- 241; K. Wickramasinge, Ed.; American Institute of Physics: New York, 1992; pp.
235-247.
•11.
Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπψ. Παρτ 7. Εφφεχτ οφ Ηετερογενεουσ Ελεχτρον−Τρανσ

φερ Ρατε ατ τηε Συβστρατε ον τηε Τιπ Φεεδβαχκ Χυρρεντ, ∆αϖιδ Ο. Ωιπφ ανδ Αλλεν ϑ. Βαρδ ϑ. Ελεχτρ
οχηεµ. Σοχ., 1991, 138, 469−474.
•10.
Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπψ: Α Νεω Τεχηνιθυε φορ τηε Χηαραχτεριζατιον ανδ Μο
διφιχατιον οφ Συρφαχεσ, Αλλεν ϑ. Βαρδ, Γυψ ∆ενυαυλτ, Χηονγµοκ Λεε, ∆ανιελ Μανδλερ, ανδ ∆αϖιδ Ο.
Ωιπφ Αχχ. Χηεµ. Ρεσ., 1990, 23, 357−363.
•9.
Ηιγη−Σπεεδ Χψχλιχ ςολταµµετρψ, Ρ. Μαρκ Ωιγητµαν ανδ ∆αϖιδ Ο. Ωιπφ Αχχ. Χηεµ. Ρεσ., 19
90, 23, 64−70.
•8.
ςολταµµετρψ ωιτη Μιχροϖολταµµετριχ Ελεχτροδεσ ιν Ρεσιστιϖε Σολϖεντσ υνδερ Λινεαρ ∆ιφ
φυσιον Χονδιτιονσ , ∆αϖιδ Ο. Ωιπφ ανδ Ρ. Μαρκ Ωιγητµαν Αναλ. Χηεµ., 1990, 62, 98−102.

•7.
Μιχροδισκ Ελεχτροδεσ, ΙΙ. Φαστ−Σχαν Χψχλιχ ςολταµµετρψ ωιτη ςερψ Σµαλλ Ελεχτροδεσ,
∆αϖιδ Ο. Ωιπφ, Αδριαν Χ. Μιχηαελ, ανδ Ρ. Μαρκ Ωιγητµαν ϑ. Ελεχτροαναλ. Χηεµ., 1989, 269, 15−25.
•6.
Ραπιδ Χλεαϖαγε Ρεαχτιονσ οφ Ηαλοαροµατιχ Ραδιχαλ Ανιονσ Μεασυρεδ ωιτη Φαστ−Σχαν Χ
ψχλιχ ςολταµµετρψ, ∆αϖιδ Ο. Ωιπφ ανδ Ρ. Μαρκ Ωιγητµαν ϑ. Πηψσ. Χηεµ., 1989, 93, 4286−4291.
•5.
ςολταµµετρψ ατ Υλτραµιχροελεχτροδεσ, Ρ. Μαρκ Ωιγητµαν ανδ ∆αϖιδ Ο. Ωιπφ, Ελεχτροανα
λψτιχαλ Χηεµιστρψ, Α. ϑ. Βαρδ, Εδ.; Μαρχελ ∆εκκερ: Νεω Ψορκ, 1989; ςολ. 15.
Συβµιχροσεχονδ Μεασυρεµεντσ ωιτη Χψχλιχ ςολταµµετρψ, ∆αϖιδ Ο. Ωιπφ ανδ Ρ. Μαρκ Ωιγ
•4.
ητµαν Αναλ. Χηεµ., 1988, 60, 2460−2464.
•3.
Φαστ−Σχαν Χψχλιχ ςολταµµετρψ ασ α Μετηοδ το Μεασυρε Ραπιδ Ηετερογενεουσ Ελεχτρον−
Τρανσφερ Κινετιχσ, ∆αϖιδ Ο. Ωιπφ, Εριχ Ω. Κριστενσεν, Μαρκ Ρ. ∆εακιν, ανδ Ρ. Μαρκ Ωιγητµαν Αναλ.
Χηεµ., 1988, 60, 306−310.
•2.
∆ισπροπορτιονατιον οφ Θυινονε Ραδιχαλ Ανιονσ ιν Προτιχ Σολϖεντσ ατ Ηιγη πΗ, ∆αϖιδ Ο.
Ωιπφ, Κεννετη Ρ. Ωεηµεψερ, ανδ Ρ. Μαρκ Ωιγητµαν ϑ. Οργ. Χηεµ., 1986, 51, 4760−4764.
•1. “Ultramicroelectrodes,” R. Mark Wightman, Mark R. Deakin, David O. Wipf, and Paul Kovach Proceedings of
the Workshop on Electrochemical Education, The Electrochemical Society, 1986.

Invited Publications

•

Ρεϖιεω οφ Αναλψτιχαλ Ελεχτροχηεµιστρψ, ∆αϖιδ Ο. Ωιπφ Αναλ. Χηεµ., 2007, 79, 8846.
Αναλψτιχαλ ανδ ∆ιγιταλ Ινστρυµεντατιον, ∆αϖιδ Ο. Ωιπφ ιν Τηε Ενχψχλοπεδια οφ Ελεχτροχ
ηεµιστρψ, ςολ 3: Ινστρυµεντατιον ανδ Ελεχτροαναλψτιχαλ Χηεµιστρψ, Α. ϑ. Βαρδ, Μ. Στρατµανν, ανδ Γ.
Σ. Ωιλσον, Εδσ, ςχη ςερλαγσγεσελλσχηαφτ Μβη, Ωεινηειµ, 2003.
Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπψ, ∆αϖιδ Ο. Ωιπφ ιν Τηε Ενχψχλοπεδια οφ Ιµαγινγ Σχι
•3.
ενχε ανδ Τεχηνολογψ, ϑ. Π. Ηορνακ, Εδ, ϑοην Ωιλεψ & Σονσ, Ινχ., Νεω Ψορκ, 2002, ππ 1248−1259.
Ινστρυµεντατιον, ∆αϖιδ Ο. Ωιπφ ιν Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπψ, Α. ϑ. Βαρδ ανδ
•2.
Μ. ς. Μιρκιν, Εδσ, Μαρχελ ∆εκκερ, Νεω Ψορκ, 2001, ππ. 17−74.
Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπψ, ∆αϖιδ Ο. Ωιπφ ιν Χυρρεντ Προτοχολσ: Μετηοδσ ιν
•1.
Ματεριαλσ Ρεσεαρχη, Ε.Ν. Καυφµανν ετ αλ., Εδσ, ϑοην Ωιλεψ & Σονσ, Ινχ, Νεω Ψορκ, 2000. 7χ.2.1−7χ.2.
18.
•5.
•4.

Patents

•

•U. S. Patent
#5382336 Τιπ Ποσιτιον Μοδυλατιον ανδ Λοχκ−ιν ∆ετεχτιον ιν Σχαννινγ Ελεχτροχηεµιχαλ Μιχροσχοπψ ,
∆αϖιδ Ο. Ωιπφ ανδ Αλλεν ϑ. Βαρδ.

Presentations

•

•*55. “Constant Distance SECM Imaging with the Tip-Position-Modulation Impedance Mode,” David O. Wipf at
the 212th Meeting of the Electrochemical Society, Washington DC, Oct 7-12, 2007. (Invited)

•*54. “Multidimensional Imaging with Scanning Electrochemical Microscopy.,” David O. Wipf at the University of
Southern Mississippi, Hattiesburg MS, Feb. 14, 2007. (Invited)

•*54. “Multi-Image Techniques in Scanning Electrochemical Microscopy,” David O. Wipf at Georgia Tech
University, Atlanta GA, Nov. 30, 2006. (Invited)

•*53. “SECM Imaging with the TPM-Impedance (TPMZ) Mode,” David O. Wipf at the 4th Workshop on Scanning
Electrochemical Microscopy (SECM) at Falcade, Italy September 3 - 6, 2006.

•*52. “Multidimensional Images in Scanning Electrochemical Microscopy,” David O. Wipf at the University of
Pittsburgh, Pittsburgh, PA, Sept. 8, 2005. (Invited)

•*51. “Chemical Imaging Possibilities with Scanning Electrochemical Microscopy,” David O. Wipf at the South
Dakota School of Mines and Technology, Rapid City, SD, June 20, 2005. (Invited)

•*50. “Multidimensional Imaging with Scanning Electrochemical Microscopy,” David O. Wipf at Warwick

University, Coventry, UK, June 10, 2005. (Invited)

•*49. “Multidimensional Imaging with the Scanning Electrochemical Microscope,” David O. Wipf at Imperial
College, London, UK, June 8, 2005. (Invited)

•*48. “Multidimensional Imaging with the Scanning Electrochemical Microscope,” David O. Wipf at the Oxford
University, Oxford, UK, June 7, 2005. (Invited)

•*47. “Multidimensional Imaging with Scanning Electrochemical Microscopy,” David O. Wipf at the University of
Southampton, Southampton, UK, June 1, 2005. (Invited)

•*46. “New Imaging Possibilities with Fast-Scan Cyclic Voltammetry Scanning Electrochemical
Microscopy,”David O. Wipf at the 3rd Workshop on Scanning Electrochemical Microscopy, Dublin, Ireland
June 11-12, 2004.

•*45. “New Imaging Possibilities with Fast-Scan Cyclic Voltammetry Scanning Electrochemical
Microscopy,”David O. Wipf, M. Alpuche-Aviles (Mississippi State University), and L. Diaz-Ballote at the
205th Meeting of the Electrochemical Society, San Antonio, TX, May 9-14, 2004. (Invited)
•*44. “Multi-Dimensional Imaging in Scanning Electrochemical Microscopy,” David O. Wipf at Middle Tennessee
State University, Murfreesboro, TN March 18, 2004.

•*43. “Fast-Scan Stripping Voltammetry Imaging With the Scanning Electrochemical Microscope,” David O. Wipf
and Mario A. Alpuche Aviles, at The 226th ACS National Meeting, New York, NY, September 7-11, 2003.

•*42. “Voltammetry Simulations by Spreadsheets,” David O. Wipf, at The 226th ACS National Meeting, New
York, NY, September 7-11, 2003.

•*40. “Fast-Scan Stripping Voltammetry Imaging with Scanning Electrochemical Microscopy,” David O. Wipf,
Mario A. Alpuche Aviles, and Luis Díaz-Ballote at Journées d’Électrochimie 2003, Poitiers, France, June 3-6,
2003.

•#*39. “Multidimensional Imaging in Scanning Electrochemical Microscopy”, David O. Wipf, Université Claude
Bernard, Lyon, France, May 23, 2003. (Invited)

•#*38. “Multidimensional Methods in Scanning Electrochemical Microscopy”, David O. Wipf, Université de Paris
VI, Jussieu, Paris, France, May 13, 2003. (Invited)

•*37. “Scanning Electrochemical Microscopy Examination of the O2 Reduction on Cast Iron - E.E.-D. El-Giar and
David O. Wipf, at the 203rd Meeting of the Electrochemical Society, Paris, France, April 27-May2, 2003.

•#*36. “Multidimensional Imaging with Scanning Electrochemical Microscopy”, David O. Wipf, University of
Warwick, England, Feb. 27, 2003. (Invited)

•#*35. “Multidimensional Scanning Electrochemical Microscopy”, David O. Wipf, Truman State University,
Kirksville, MO, Sept. 27, 2002. (Invited)

•*34. “Constant-Distance Scanning in SECM,” David O. Wipf, Mario A. Alpuche Aviles, and Emad El-Deen M.
El-Giar at PittCon 2001, New Orleans, LA, March 4-9, 2001.

•#*33. “Applications of Scanning Electrochemical Microscopy,” David O. Wipf, CINVESTAV Unidad Mérida,
March 16, 1999, Mérida, Yucatan, Mexico. (Invited)

•#*32.“Microscale Surface Chemistry with the Scanning Electrochemical Microscope,” David O. Wipf, at the XIV
National Congress of the Mexican Electrochemical Society, August 24-28, 1999, Mérida, Yucatan, Mexico.
(Invited)

•#*31. “Measurement of Local Electron-Transfer Rates on Electrodes with SECM,” David O. Wipf and Robert C.
Tenent at the 25th Annual Conference of the Federation of Analytical Chemistry and Spectroscopy
Societies, October 11-15, 1998, Austin TX. (Invited)

•#*30. “Micro-Scale Electrochemistry with the Scanning Electrochemical Microscope,” David O. Wipf, Auburn
University, AL, May 15, 1998. (Invited)

•#*29. “Heterogeneously Modified Carbon Fiber Ultramicroelectrodes,” D. Wipf, R. C. Tenent, F. Ge, and J.
Baur at the 193th Meeting of the Electrochemical Society, May 5, 1998, San Diego CA. (Invited)

•*28. Modified Carbon Fiber Ultramicroelectrodes,” D. O. Wipf, R. C. Tenent, F. Ge, at Mississippi EPSCoR
Conference, January 22, 1998, Jackson, MS.

•#*27. Investigation of Localized Corrosion with the Scanning Electrochemical Microscope,” J. W. Still and D. O.
Wipf, at the 1st International Workshop on Scanning Electrochemical Microscopy, September 7, 1997,

Freiburg, Germany (Invited)

•*26. Formation and Imaging of Heterogeneously Modified Carbon Fiber Ultramicroelectrodes,” D. O. Wipf, R. C.
Tenent, F. Ge, at Electrochem ‘97 August 29, 1997, London, England

•#*25. Local Modification of Electrode Surfaces by the Scanning Electrochemical Microscope,” D. O. Wipf,
University of South Dakota, November 18, 1996. (Invited)

•#*24. Local Modification of Electrode Surfaces by the Scanning Electrochemical Microscope,” D. O. Wipf,
University of Wisconsin - Eau Claire, November 15, 1996. (Invited)

•#*23. Local Modification of Electrode Surfaces by the Scanning Electrochemical Microscope,” D. O. Wipf,
University of Southern Mississippi, October 25, 1996. (Invited)

•*22. Examination of Passive Layer Breakdown and Formation with the Scanning Electrochemical Microscope”,
John W. Still and David O. Wipf at the 190th Meeting of the Electrochemical Society, Oct. 10, 1996, San
Antonio, TX.

•#*21. Local Modification and Imaging of Surfaces by the Scanning Electrochemical Microscope,” D. O. Wipf,
Paper #8, Great Lakes Regional Meeting of the American Chemical Society, May 19-22, 1996, Normal, IL.
(Invited)

•#*20. Local Modification and Imaging of Surfaces by the Scanning Electrochemical Microscope,” D. O. Wipf,
April 4, 1996, presented at the University of Alabama, Tuscaloosa. (Invited)

•#*19. Local Modification and Imaging of Surfaces by the Scanning Electrochemical Microscope,” D. O. Wipf,
March 8, 1996 presented at Illinois State University, Normal, IL. (Invited)

•*18. Initiation of Localized Corrosion on Iron with the Scanning Electrochemical Microscope,” David O. Wipf and
John W. Still, Paper #746, Pittsburgh Conference and Exposition, March 6, 1996, Chicago, IL.

•*17. Generation and Imaging of Derivatized Regions on Carbon Electrodes by the Scanning Electrochemical
Microscope,” David O. Wipf, Robert C. Tenent, and Louis H. Bluhm+, Paper #745, Pittsburgh Conference
and Exposition, March 6, 1996, Chicago, IL.

•*16. Analytical Applications of Paired Carbon-Fiber Electrodes,” John E. Baur and David O. Wipf, Paper #097,
Pittsburgh Conference and Exposition, March 6, 1996, Chicago, IL.
•*15. Initiation of Pitting Corrosion on Iron with the Scanning Electrochemical Microscope,” David O. Wipf and
John W. Still, Mississippi EPSCoR Conference, Jan. 31, 1996, Jackson, MS, No. 4.

•*14. Ohmic Potential-Drop Compensation by Iterative Correction of the Applied Potential,” D. O. Wipf, 47th
Southeast / 51st Southwest Joint Regional Meeting of the American Chemical Society, Nov. 29-Dec. 1, 1995
Memphis, TN, No. 83.

•#*13. Scanning Electrochemical Microscopy”, D. O. Wipf, Oct. 6, 1995 presented at Tennessee Technological
University, Cookeville TN. (Invited)

•*12. Activation of Carbon Electrodes by UV/Ozone Treatment,” D. O. Wipf and J. Zhou, Paper #256, 187th
Electrochemical Society Meeting, May 21-26, 1995, Reno NV.

•#*11. Formation and Study of Localized Corrosion by Scanning Electrochemical Microscopy,” David O. Wipf,
April 20, 1995, presented at Florida State University, Tallahassee FL. (Invited)

•#*10. Initiation and Study of Localized Corrosion with the Scanning Electrochemical Microscope,” David O.
Wipf, October 21, 1994, presented at Jackson State University, Jackson MS. (Invited)

•*9. Examination of Pitting Corrosion with Scanning Electrochemical Microscopy,” David O. Wipf, presented at
1994 SEAAC (Southeast Academic Analytical Chemistry) Meeting, Florida State University, Tallahassee FL,
September 23-24, 1994.

•#*8. Formation and Study of Pitting Corrosion by Scanning Electrochemical Microscopy,” David O. Wipf, Paper
#202, presented at the 208th American Chemical Society National Meeting and Exposition, Washington DC,
August 21-25, 1994. (Invited)

•#*7. Scanning Electrochemical Microscopy” David O. Wipf, presented at the University of Mississippi, Oxford,
MS, January 21, 1994. (Invited)

•#*6. Initiation and Study of Localized Corrosion by Scanning Electrochemical Microscopy,” David O. Wipf,
Surface Characterization of Adsorption and Interfacial Reactions, Engineering Foundation Conference,
January 9-14, 1994, Kona, HI. (Invited)

•5.

Constant-Current Imaging with the Scanning Electrochemical Microscope,” David O. Wipf and Allen J.
Bard, Paper #811, Pittsburgh Conference and Exposition, March 10, 1993, Atlanta, GA.

•4.

Tip-Modulated Scanning Electrochemical Microscopy,” David O. Wipf and Allen J. Bard, Paper #944,
Pittsburgh Conference and Exposition, March 11, 1992.

•#3. Scanning Electrochemical Microscopy for Characterization of Electrochemical and Chemical Processes at
Surfaces,” David O. Wipf, Guy Denuault, and Allen J. Bard, presented at the SE/SW Combined Regional
Meeting of the ACS , December 6, 1990. (Invited)

•2.

Measurement of Heterogeneous and Homogeneous Rate Constants with Fast-Scan Cyclic Voltammetry,”
David O. Wipf and R. Mark Wightman, presented at the International Electroanalytical Symposium, May 28,
1987.

•1.

Measurement of Heterogeneous and Homogeneous Rate Constants with Fast-Scan Cyclic Voltammetry,”
David O. Wipf and R. Mark Wightman, presented at the Pittsburgh Conference and Exposition, March 9,
1987.

•
•

Student and Collaborator Presentations

•

•*45. “An Electrochemical STM Study of Coarsening and Corrosion of Platinum Films,” Qingmin Xu, Eric
Kreidler, David Wipf, and Ting He at the 212th Meeting of the Electrochemical Society, Washington DC, Oct
7-12, 2007.
•*44. “Application of Combined Stripping Voltammetry Techniques and SECM to Electro-Deposition and
Generation Studies” M. A. Alpuche Aviles and D. Wipf, 210th Meeting of The Electrochemical Society and
the XXI Congreso de la Sociedad Mexicana de Electroquimica Joint International Meeting, Cancun, MX, Oct
29 – Nov 3, 2006.
•43. “Simple Fabrication of a Silver Epoxy Coated Microelectrode for SECM Imaging in Small Volumes,” L. F.
Diaz-Ballote and D. Wipf, 210th Meeting of The Electrochemical Society and the XXI Congreso de la
Sociedad Mexicana de Electroquimica Joint International Meeting, Cancun, MX, Oct 29 – Nov 3, 2006.
•*42. “Low Temperature Oxygen Reduction Reaction Kinetics on Polycrystalline Pt Electrodes,” Xiaojing Sun,
David O Wipf, The 57th Southeast/61st Southwest Regional Meeting, Memphis, TN, November 1-4, 2005.
•*41. “A Modulated Mass-Transfer Technique for Voltammetry at Low Concentrations,” A. Antonyraj, David O.
Wipf, The 57th Southeast/61st Southwest Regional Meeting, Memphis, TN, November 1-4, 2005.
•*41. “Scanning Electrochemical Microscopy – A Useful Tool for Surface Characterization of Composite
Materials,” L. Díaz-Ballote, M.A. Pech-Canul, M.I. Pech-Canul, L. Veleva and David O. Wipf, XIV
International Materials Research Congress 2005, Cancún, Quintana Roo, México, August 21-25, 2005.
•*40. “Evaluation of VGCNF/Paint-Coated Mild Steel Using Electrochemical Impedance Spectroscopy (EIS) in
3% NaCl Solution,” Sahar M. Atwa and David O. Wipf, 2004 Southeast Regional Meeting of the ACS,
Research Triangle Park, NC, November 10-13, 2004.
•*39. “Visualization of the Electrochemical Activity of Silicon Carbide Particles in Aluminum Composites by
Scanning Electrochemical Microscopy,” L. Díaz-Ballote, David O. Wipf, M. Pech Canul, and L. Veleva, XIII
International Materials Research Congress, Cancún Mexico August 22-26, 2004.
•#*38. “Imaging Model Neurons With the Scanning Electrochemical Microscope,” John E. Baur, Ruwan
Kurulugama, Paul A. Garris, and David O. Wipf, at The 226th ACS National Meeting, New York, NY,
September 7-11, 2003.
•*37. Stripping Voltammetry Imaging With Scanning Electrochemical Microscopy - M. Alpuche-Aviles David O.
Wipf, at the 203rd Meeting of the Electrochemical Society, Paris, France, April 27-May 2, 2003.
•*36. Electrochemical Study and Surface Analysis of Passive Films on AISI 316 Stainless Steel Grown in
Alkaline Solutions,” Lucien Veleva, Mario A. Alpuche-Aviles, Melissa K. Graves-Brook, and David O. Wipf at
the 15th International Corrosion Congress, Granada, Spain, September 22-27, 2002.
•*35. Electrochemical Detection for Microchip Separation Devices,” Charles S. Henry, Yan Liu, Joseph C.
Fanguy, David O. Wipf at the 201st Meeting of The Electrochemical Society in Philadelphia, PA, May 12-17,
2002.
•*34. Constant-Separation Imaging of Live Mammalian Cells with the Scanning Electrochemical Microscope
Using Carbon Ring Probes,” John E. Baur and David O. Wipf at PittCon 2002, New Orleans, LA, March
17-22, 2002.
•*33. Improving Impedance Feedback Control in Scanning Electrochemical Microscopy,” Mario A. Alpuche Aviles
and David O. Wipf at PittCon 2002, New Orleans, LA, March 17-22, 2002.

•*32. Scanning Electrochemical Microscopy Imaging with pH Sensitive Iridium Oxide Microelectrodes,” Emad
El-Deen M. El-Giar and David O. Wipf at PittCon 2002, New Orleans, LA, March 17-22, 2002.

•*31. Fast Scan Cyclic Voltammetry-Scanning Electrochemical Microscopy,” Luis Díaz-Ballote and David O. Wipf
at PittCon 2002, New Orleans, LA, March 17-22, 2002.

•*29. Conductivity Detection for Microchip Capillary Electrophoresis,” Charles S. Henry, David O. Wipf, Jamie
Vollenweider, at SmallTalk2001, San Diego, CA, Aug. 29-31, 2001.

•*28. An Impedance Feedback Method for Examination of Corrosion with SECM,” Mario A. Alpuche Aviles and
David O. Wipf at PittCon 2001, New Orleans, LA, March 4-9, 2001.

•*27. A Microparticle Iridium Oxide pH Ultramicroelectrode for SECM,” Emad El-Deen M. El-Giar and David O.
Wipf at PittCon 2000, New Orleans, LA, March 4-9, 2001.

•26. Characterization of a Conductivity Detector for Microchip Capillary Electrophoresis,” Yan Liu, David O.
Wipf, and Charles S. Henry at the 52nd Southeast / 56th Southwest Joint Regional Meeting of the American
Chemical Society, New Orleans, LA, Dec. 6-8, 2000.
•*25. In-Channel Conductivity Detection for Microchip Capillary Electrophoresis,” Jasper R. Clarkson+, Charles
S. Henry, and David O. Wipf at the 52nd Southeast / 56th Southwest Joint Regional Meeting of the
American Chemical Society, New Orleans, LA, Dec. 6-8, 2000.
•*24. Shear Force Distance Regulation for Scanning Electrochemical Microscopy,” Mario A. Alpuche Aviles and
David O. Wipf at PittCon 2000, New Orleans, LA, March 12-17, 2000.
•*23. A New Procedure for Construction of Small Carbon-Fiber Electrodes,” Emad El-Deen M. El-Giar and David
O. Wipf at PittCon 2000, New Orleans, LA, March 12-17, 2000.
•*22. Direct Observation and Kinetic Measurements of Active Sites on Glassy Carbon Electrodes”, Robert C.
Tenent and David O. Wipf at PittCon ’99, Orlando, FL, March 7-12, 1999.
•*21. Direct Observation and Kinetic Measurements of Active Sites on Glassy Carbon Electrodes,” Robert C.
Tenent and David O. Wipf Mississippi EPSCoR Conference, Jackson, MS, March 2-3, 1999.
•*20. Metal-Metal Bonding in M2(form)4 Complexes,” Kathryn M. Carlson-Day, Judith L. Eglin, Laura T.
Smith, Richard J. Staples, and David O. Wipf, Mississippi EPSCoR Conference, Jackson, MS, March 2-3,
1999.
•*19. Studies of Heterogeneously Modified Carbon Electrodes by Scanning Electrochemical Microscopy,” Robert
C. Tenent and David O. Wipf at PittCon ’98, March 1-5, 1998, New Orleans, LA
•*18. Localized Passive Layer and Corrosion Studies of Various Aluminum Alloys Using the Scanning
Electrochemical Microscope”, John Still and and David O. Wipf at PittCon ’98, March 1-5, 1998, New
Orleans, LA
•17. Localized Avidin/Biotin Derivatization of Glassy Carbon Electrodes Using Scanning Electrochemical
Microscopy”, Wilbur B. Nowall, David O. Wipf, and Werner G. Kuhr at the Electrochemistry Gordon
Conference, January 18-23 1998, Ventura CA
•*16. Use of Formamidine Ligands in the Synthesis of Quadruply Bonded Dichromium Complexes”, Kathryn M.
Carlson-Day, Judith L. Eglin, Laura T. Smith, Richard J. Staples, and David O. Wipf, Mississippi EPSCoR
Conference, January 21- 22, 1998, Jackson, MS
•15. Synthesis of Dichromium Formamidinate Complexes” Kathryn M. Carlson-Day, Judith L. Eglin, Laura T.
Smith, Richard J. Staples, and David O. Wipf, 214th National Meeting of the ACS, September 11 - 15, 1997,
Las Vegas, Nevada.
•*14. A Method for the Heterogeneous Derivatization of Carbon-Fiber Ultramicroelectrodes”, Robert C. Tenent
and David O. Wipf at PittCon ’97, March 16-21, 1997, Atlanta, GA
•*13. Localized Corrosion Studies of Iron using the Scanning Electrochemical Microscope,” John W. Still, David
O. Wipf, Mississippi EPSCoR Conference, Jan. 29, 1997, Jackson, MS, No. 9.
•*#12. Development of a Scanning Electrochemical Microscope for the Surface Modification of Carbon Fiber
Electrodes,” W. B. Nowall, S. E. Rosenwaldt, W. G. Kuhr, R. Tenent and D. O. Wipf, Microfabricated
Sensors, Instruments and Systems for Biological and Medical Applications, May 6-8, 1996, University of
California, Davis.
•*11. UV/Ozone Pretreatment of Carbon Electrodes,” Junfeng Zhou and David O. Wipf, Paper #112P, Pittsburgh
Conference and Exposition, March 6, 1996, Chicago, IL.
•*10. Patterning and Imaging of Conducting Polyaniline with the Scanning Electrochemical Microscope,” David
O. Wipf and Junfeng Zhou, Mississippi EPSCoR Conference, Jan. 31, 1996, Jackson, MS, No. 21.
•*9. Surface Modification and Characterization of Carbon Electrodes,” L. H. Bluhm+ and D. O. Wipf, 47th
Southeast / 51st Southwest Joint Regional Meeting of the American Chemical Society, Nov. 29-Dec. 1, 1995
Memphis, TN, No. 240
•*8. Generation and Imaging of Locally Oxidized Regions on Carbon Electrodes by Scanning Electrochemical
Microscopy,” R. C. Tenent and D. O. Wipf, 47th Southeast / 51st Southwest Joint Regional Meeting of the

American Chemical Society, Nov. 29-Dec. 1, 1995 Memphis, TN, No. 20

•*7. Study of Pitting Corrosion Using Iron in Aqueous Trichloroacetic Acid,” J. W. Still and D. O. Wipf, 47th
Southeast / 51st Southwest Joint Regional Meeting of the American Chemical Society, Nov. 29-Dec. 1, 1995
Memphis, TN, No. 82
•*6. UV/Ozone Treatment to Activate Carbon Electrodes,” J. Zhou and D. O. Wipf, 47th Southeast / 51st
Southwest Joint Regional Meeting of the American Chemical Society, Nov. 29-Dec. 1, 1995 Memphis, TN,
No. 84
•*5. Chemical Activation of Carbon Electrodes,” L. H. Bluhm+ and David O. Wipf, presented at the 27th Annual
Southeast Regional American Chemical Society Conference of Undergraduate Student Chemists, Clemson,
SC, March 16-17, 1995
•*4. Examination of Pitting by Scanning Electrochemical Microscopy,” Jeannette C. Polkinghorne+, John W.
Still, and David O. Wipf, presented at the 209th Meeting of the American Chemical Society, Anaheim, CA,
April 2-6, 1995.
•*3. Examination of Pitting by Scanning Electrochemical Microscopy,” Jeannette C. Polkinghorne+, John W.
Still, and David O. Wipf, presented at the 47th Southeast Regional Meeting of the American Chemical
Society, Birmingham, AL, October 16, 1994.
•*2. Electrochemical Investigation of the Reduction of Trichloroacetic Acid in Aqueous Solution,” David O. Wipf,
John Still, at the Advances in Modern Nuclear Magnetic Resonance Techniques, June 9-11, 1994
Mississippi State University, John Still, presenter.
•*1. Chemical Oxidation of Glassy-Carbon Electrodes,” David O. Wipf, Jiwen Chen, at the Advances in Modern
Nuclear Magnetic Resonance Techniques, June 9-11, 1994 Mississippi State University, Jiwen Chen,
presenter.

•

Theses and Dissertations

•

•“Electrode Modification by UV/Ozone Treatment and Scanning Electrochemical Microscope Polyaniline
Deposition,” Junfeng Zhou, M. S. Thesis, Mississippi State University, 1997.

•“A Study of Localized Corrosion by Scanning Electrochemical Microscope,” John W. Still, Ph.D. Dissertation,
Mississippi State University, 1999.

•“Localized Modification and Studies of Carbon Electrode Surfaces by Scanning Electrochemical Microscopy,”
Robert C. Tenent, Ph.D. Dissertation, Mississippi State University, 2000.

•“Preparation and Scanning Electrochemical Microscopy (SECM) Applications of Carbon Fiber and Metal
Particle Ultramicroelectrodes (UMEs),” Emad El-Deem Mohamed El-Giar, Ph.D. Dissertation, Mississippi
State University, 2004.
•“Development of Multidimensional Methods for Scanning Electrochemical Microscopy (SECM),” Mario Alberto
Alpuche Avilés, Ph.D. Dissertation, Mississippi State University, 2005.
•“Study of the Oxygen Reduction Reaction on Platinum with Scanning Electrochemical Microscopy and Rotating
Disk Voltammetry,” Xiaojing Sun, M.S. Thesis, Mississippi State University, 2007.

Review of Electro-Physiological Reactivity
of the Xrroid
This is a brief assay of the current literature regarding the electrosense,

referred

to

as

the

electro-physiological

reactivity.

This

literature review is not complete but documents some of the science
of the body electric’s sensory system.

Electrosense

Sharks also have a unique and highly specialised bioelectrical sensory system scattered over the front
of their heads that not only helps them detect and home in on prey, but may help them navigate
relative to ocean currents and the earth's magnetic field. This system is called the ampullae of
Lorenzini. By using this system sharks can find their prey, at least at close range, without seeing or
smelling them. They can sense stingrays and flounder buried in the sand and strike with great
accuracy.

(© J. Lokrantz/Azoteimages)

Ref: Hickman CP, Roberts LS and Larson A (2000), Animal Diversity, McGraw-Hill Higher Education, USA -- Springer VG
and Gold JP (1989), Sharks in quetion: the Smithsonian answear book, Smithsonian Institution Press, Washington, D.C.
London
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Electroreception in Elasmobranchs -The Elasmobranch Information Guide
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Do Satellite Tags 'Jam' a Shark's Ampullae of Lorenzini? -ReefQuest

Chem Senses. 2007 Sep;32(7):681-8. Epub 2007 Jun 12.

Links

Infrastructure in the electric sense: admittance data from shark hydrogels
Journal

Journal of Comparative Physiology A: Neuroethology, Sensory,
Neural, and Behavioral Physiology

Publisher

Springer Berlin / Heidelberg

ISSN

0340-7594 (Print) 1432-1351 (Online)

Issue

Volume 191, Number 2 / February, 2005

Category

Original Paper

DOI

10.1007/s00359-004-0579-3

Pages

115-123

Subject Collection

Biomedical and Life Sciences

SpringerLink Date

Friday, November 19, 2004

PDF (388.5 KB)HTMLFree Preview
Brandon R. Brown1

, Mary E. Hughes2 and Clementina Russo1

(1) Department of Physics, University of San Francisco, San Francisco, 94117, CA, USA
(2) Division of Engineering and Applied Sciences, Harvard University, 29 Oxford Street Cambridge,
02138, MA, USA

Received: 5 April 2004 Revised: 4 October 2004 Accepted: 17 October 2004 Published online:
20 November 2004

Abstract Elasmobranchs (sharks, skates, and rays) possess an electrosensory
system with an infrastructure of canals connecting the electrosensors to the
environment. The electrosensors and canals are filled with a uniform hydrogel,
but the gel s function has not yet been determined. We present electrical
admittance spectra collected from the hydrogel from 0.05 to 100 kHz, covering
the effective range of the electrosensors. We have taken samples of this gel,
postmortem, from Triaenodon obesus and Carcharodon carcharias; for purposes
of comparison, we have synthesized a series of collagen-based hydrogel
samples. The shark hydrogels demonstrate suppressed admittance when
compared to both seawater and collagen gels. In particular, collagen hydrogels
with equivalent ion concentrations are roughly 2.5 times more polarizable than
the shark samples. We conclude that the shark hydrogels strongly localize ionic
species, and we discuss the implications for the related roles of the gel and the
canals in the electric sense. The gel-filled canals appear better suited to fostering
voltage differences along their length than to providing direct electrical contact
to the seawater environment.

A new method for wide frequency range dynamic olfactory stimulation and characterization.
French AS, Meisner S.
Department of Physiology and Biophysics, Dalhousie University, Halifax, Nova Scotia B3H1X5, Canada.
andrew.french@dal.ca

Sensory receptors often receive strongly dynamic, or time varying, inputs in their natural
environments. Characterizing their dynamic properties requires control and measurement of
the stimulus over a frequency range that equals or exceeds the receptor response.
Techniques for dynamic stimulation of olfactory receptors have lagged behind other major
sensory modalities because of difficulties in controlling and measuring the concentration of

odorants at the receptor. We present a new method for delivering olfactory stimulation that
gives linear, low-noise, wide frequency range control of odorant concentration. A servocontrolled moving bead of silicone elastomer occludes the tip of a Pasteur pipette that
releases odorant plus tracer gas into a flow tube. Tracer gas serves as a surrogate indicator
of odorant concentration and is measured by a photoionization detector. The system has
well-defined time-dependent behavior (frequency response and impulse response functions)
and gives predictable control of odorant over a significant volume surrounding the animal.
The frequency range of the system is about 0-100 Hz. System characterization was based
on random (white noise) stimulation, which allows more rapid and accurate estimation of
dynamic behavior than deterministic signals such as sinusoids or step functions. Frequency
response functions of Drosophila electroantennograms stimulated by fruit odors were used
to demonstrate a typical application of the system
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Chemoelectrical signal transduction in olfactory sensory neurons of air-breathing vertebrates.
Frings S.
Institut für Biologische Informationverarbeitung 1, Forschungszentrum Jülich, Germany. s.frings@fzjuelich.de

When odorants bind to the sensory cilia of olfactory sensory neurons, the cells respond with
an electrical output signal, typically a short train of action potentials. This review describes
the present state of knowledge about the olfactory signal transduction process. In the last
decade, a set of transduction molecules has been identified which help to explain many
aspects of the sensory response. Odor-induced second-messenger production, activation of
transduction channels, the central role of the ciliary Ca2+ concentration, as well as
mechanisms that mediate adaptation, are all qualitatively understood on the basis of a
consistent scheme for chemoelectrical transduction. This scheme, although necessarily
incomplete, can serve as a working model for further experimentation which may reveal
kinetical aspects of signal transduction processes in olfactory sensory neurons

J Comp Physiol A Neuroethol Sens Neural Behav Physiol. 2004 Mar;190(3):193-9. Epub 2003 Dec 20.

Links
Electrophysiological evidence for detection and discrimination of pheromonal bile acids by
the olfactory epithelium of female sea lampreys ( Petromyzon marinus).
Siefkes MJ, Li W.
Department of Fisheries and Wildlife, Michigan State University, East Lansing, MI 48824, USA.

Electro-olfactograms were used to determine sensitivity and specificity of olfactory organs
of female sea lampreys ( Petromyzon marinus) to four bile acids: 3-keto petromyzonol
sulfate and 3-keto allocholic acid from spermiating males and petromyzonol sulfate and
allocholic acid from larvae. Spermiating male bile acids are thought to function as a mating
pheromone and larval bile acids as a migratory pheromone. The response threshold was
10(-12) mol l(-1) for 3-keto petromyzonol sulfate and 10(-10) mol l(-1) for the other bile
acids. At concentrations above 10(-9) mol l(-1), the sulfated bile acids showed almost
identical potency, as did the non-sulfated bile acids. The two sulfated bile acids were more
potent than the two non-sulfated ones. In addition, 3-keto petromyzonol sulfate and water
conditioned with spermiating males induced similar concentration-response curves and

response thresholds. Cross-adaptation experiments demonstrated that the sulfated and
non-sulfated bile acids represent different odors to the olfactory epithelium of females.
Further exploration revealed that 3-keto petromyzonol sulfate represents a different odor
than petromyzonol sulfate, while 3-keto allocholic acid and allocholic acid represent the
same odor. Results indicate that male-specific bile acids are potent and specific stimulants
to the female olfactory organ, supporting the previous hypothesis that these bile acids
function as a pheromone

Steric Effects in the Reaction of Aryl Radicals on Surfaces.
Combellas C, Jiang DE, Kanoufi F, Pinson J, Podvorica FI.
Laboratoire Environnement et Chimie Analytique, UMR 7121, CNRS-ESPCI Paris Tech, 10 rue
Vauquelin, 75231 Paris Cedex 05, France, Chemical Sciences Division, Oak Ridge National Laboratory,
Oak Ridge, Tennessee 37831, Alchimer, 15 rue du Buisson aux Fraises, 91300, Massy, France, and
Chemistry Department of Natural Sciences Faculty, University of Prishtina, rr. "Nena Tereze" nr. 5,
10000 Prishtina, Kosovo.

Steric effects are investigated in the reaction of aryl radicals with surfaces. The
electrochemical reduction of 2-, 3-, 4-methyl, 2-methoxy, 2-ethyl, 2,6-, 2,4-, and 3,5dimethyl, 4-tert-butyl, 3,5-bis-tert-butyl benzenediazonium, 3,5-bis(trifluoromethyl), and
pentafluoro benzenediazonium tetrafluoroborates is examined in acetonitrile solutions. It
leads to the formation of grafted layers only if the steric hindrance at the 2- or 2,6position(s) is small. When the 3,5-positions are crowded with tert-butyl groups, the growth
of the organic layer is limited by steric effects and a monolayer is formed. The efficiency of
the grafting process is assessed by cyclic voltammetry, X-ray photoelectron spectroscopy,
infrared, and ellipsometry. These experiments, together with density functional
computations of bonding energies of substituted phenyl groups on a copper surface, are
discussed in terms of the reactivity of aryl radicals in the electrografting reaction and in the
growth of the polyaryl layer.

: Prog Neurobiol. 1975;5(4):271-335. Links

Olfaction in fish.
Hara TJ.
Department of the Environment, Freshwater Institute, Winnipeg, Manitoba, Canada.

1.

Recent progress in the studies on olfaction in fish, with particular emphasis on
electrophysiological and behavioral responses to biological odors and related chemicals,
is reviewed. 2. One of the most characteristic features in fish olfaction is that it takes
place entirely in the aquatic environment. The carrier of stimulant molecules is not air
but water; therefore, chemicals that are detected olfactorily by fish need not be volatile,
but must be soluble in water. 3. The olfactory organs of fishes are diversely developed.
At one extreme they are well developed (macrosmatic) such as in sharks and eels, and
at the other they are poorly developed (microsmatic) such as in pike and stickleback. 4.
The nasal cavity is lined with the olfactory epithelium, which is raised from the floor of
the organ into a series of lamellae to make a rosette. The arrangement, shape and
degree of development of the lamallae in the rosette vary considerably from species to
species. 5. It is doubtful whether simple relation exists between the surface area of the
olfactory epithelium and sensitivity to odors, since the sensory epithelium is not
distributed uniformly over the surface of the olfactory lamellae. 6. The olfactory
epithelium of fish, like other vertebrates, consists of three cell types: receptor cells,
supporting cells and basal cells. 7. The receptor cell, which is a bipolar primary sensory
cell, sends a slender cylindrical dendrite toward the surface of the epithelium and is
directly connected with the olfactory bulb by its axon. The dendrite terminates in a
minute swelling (olfactory knob) which bears a variable number of cilia. 8. The
information from the receptor cell is conveyed into the olfactory bulb, the first relay
station, where signals are processed and integrated. The dominant feature of the bulb is
the synaptic contact between the primary and secondary olfactory neurones in the form
of glomerulus. 9. All the available evidence points to a great acuity of the olfactory
sense in many fish species both in the capability and discriminating odorous chemicals.
However, much discrepancies exist among data obtained by behavioral and
electrophysiological techniques mainly because of the lack of systematic investigations.
10. Electrophysiological studies of olfaction have been hampered by the extremely small
size of the olfactory neurones. 11. A slow negative monophasic potential is induced in
the olfactory epithelium when stimulated with odorous chemicals (electro-olfactogram,
EOG).(ABSTRACT TRUNCATED AT 400 WORDS)

J Physiol (Paris). 1979;75(4):321-3. Links

Peripheral electrosense physiology: a review of recent findings.
Viancour TA.
Advances, since 1974, in understanding the physiology of electroreceptors are reviewed. In
brief: 1. In fish that produce a weak electric discharge with electric organs, the tuberous
electroreceptors are generally most sensitive to stimulus frequencies near the species',
individual's, and even local, waveform of the electric organ discharge; there is a good match
between receptor sensitivity and the normal stimulus. 2. The ability of tuberous

electroreceptors to detect field distortions produced by reasonably sized objects is limited; an
object must be closer than a body-length to be detected, and the afferent response is a
negative power function of object distance. 3. The second major electroreceptor class, the
ampullary electroreceptors, is sensitive to low frequency, low intensity electric fields, and this
acute sensitivity results in the ability of the receptors in marine species to detect magnetic
fields on the order of the Earth's. 4. The calcium ion is essential for normal functioning of
ampullary electroreceptors

Int J Psychophysiol. 2000 May;36(2):91-104.

Links

The application of electroencephalographic techniques to the study of human olfaction: a
review and tutorial.
Lorig TS.
Washington and Lee University, Department of Psychology, Lexington, VA 24450, USA. tlorig@wlu.edu

The use of a variety of electrophysiological techniques to determine the effects of odor on
the nervous system is reviewed. Methods and problems associated with the collection of ongoing EEG, chemosensory event-related potentials, and contingent negative variation data
are discussed in depth as is the use of odors as modulators of brain potentials produced by
other senses. In addition, the advantages of several seldom used EEG analysis techniques
are discussed with respect to the unique problems of understanding olfaction.

Ann N Y Acad Sci. 1964 Jul 30;116:380-428.

Links

ELECTROPHYSIOLOGY OF THE OLFACTORY SYSTEM.
MOULTON DG, TUCKER D.

Psychol Bull. 1968 Jun;69(6):390-5. Links

Electrical charge distribution and olfactory methodology and theory.
Frey AH

Arch Otorhinolaryngol. 1975;210(1):1-41. Links

[New morphologic principles of the physiology of smell and taste]
[Article in German]

Andres KH.
Lehrstuhl für Anatomie II, Ruhr-Universität Bochum.

New results as revealed by scanning and transmission electron microscopy have given us
further knowledge about the structure of the olfactory region of vertebrates. With
comparative studies we are now able to discuss the functional relationship of this region. In
all vertebrates the olfactory cell is a primary sensory cell. The apical segment of the
olfactory cell with its olfactory vesicle is involved in the formation of the olfactory border. As
a rule of the receptor possesses cilia or cilia-like processes. These are absent in the
olfactory receptor of the shark, the microvillus receptor of the fish and the olfactory cell of
Jabonsons organ of amphibians, reptiles and mammals. The odorous substances in the fish
are brought to the receptor membrane by the water flow. In air breathing vertebrates a
terminal film is present. This film is a product of secretion from the Bowmans glands.
Gasous odorous substances must first be dissolved in the terminal film and penetrate it
before reaching the receptor membrane. The cilia-like olfactory process of the fish in the
proximal segment is not essentially different from the kinocilia of the supporting cell, except
that they are shorter. In contrast the olfactory cell of air-breathing vertebrates form cilialike processes with a short cilia-like proximal segment and a long and very thin distal end
piece. In the amphibians and sauropsidians the end pieces can have a length of up to 150
mu and up to 80 mu in mammals. The olfactory vesicles with its processes undergo
continuous regeneration. The olfactory epithelium of man show the same structural
formation as observed in other mammals. Regressive changes in the adult can lead to a
reduction in the number of sensory cells and also to a flattening of the epithelium.
Morphological criteria for regenerative processes in the sensory cell structures are present.
A specialized olfactory cell type has been found in some teleosts. This cell is characterized
by a small pit below the olfactory border in which the cilia of the olfactory cell are redrawn.
There is some evidence that this olfactory cell type may be compared with the olfactory
cells in the parafollicular tubes of lamprey. The so called rod-shaped receptor in the
olfactory mucosa of fishes has no axon and is therefore no olfactory cell. The same kind of
cell is also present in the olfactory mucosa of air-breathing animals. We classify this cell as
brush cell.(ABSTRACT TRUNCATED AT 400 WORDS)

Arch Otorhinolaryngol. 1975;210(1):43-65. Links

[Physiology of smell and taste]
[Article in German]

von Baumgarten R.
Physiologisches Institut, Universität Mainz.

The functional organization of olfaction and taste are briefly discussed in morphological,
physiological, biochemical and behavioural terms. Olfaction in animals serves often for long
range navigational purposes whereas taste acts as a close up "last moment food checking
system". Special attention is given to the coding problems in both systems. In taste, the
spatial coding mode is prevalent. In olfaction a very complex coding system exists, which
used temporal as well as spatial means and in which a whole set of olfactory nerve fibers is
activated during the transmission of any specific odor information, each fiber of the set
discharging at a specific impulse pattern. The role of the olfactory bulb is seen as an
integrating center with the capabilities for short and long term information storage. The
impact of von Békésy's microstimulation experiments on the physiology of taste is
discussed. Research on taste modifiers such as gymnemic acid or of the taste modifying
protein "miraculin" enrich our present understanding of the interaction between taste
stimulants and the chemoreceptor sites in the taste buds.

: Exp Neurol. 1992 Jan;115(1):50-4.
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Receptor cell regeneration and connectivity in olfaction and taste.
Oakley B, Riddle DR.
Department of Biology, University of Michigan, Ann Arbor 48109.

The capacity of adult mammalian gustatory and olfactory receptor cells to regenerate and
make synaptic reconnections provides examples that may be useful in initiating
replacement of other kinds of sensory receptor cells. The sensory code for taste quality may
not be degraded by taste receptor cell turnover because axons probably recouple to the
appropriate type of new receptor cell by axon-receptor cell affinity. Experiments on the
development and regeneration of taste receptor cells suggest that they regenerate and turn
over by recapitulating the late but not the early steps in taste bud development. To
evaluate the replacement of vertebrate olfactory receptors, we began by characterizing the
spatial pattern of primary olfactory projections in rainbow trout. Contiguous clusters of HRPlabeled olfactory receptor neurons (ORN) make highly divergent projections to the olfactory
bulb. Retrograde transport of fluorescent latex beads revealed that a given restricted site in
the glomerular layer received axons from ORNs widely scattered in the epithelium. Hence,

ORN axons do not form point-to-point or regional topographic maps. Rather, the olfactory
epithelial sheet makes a plane-to-point or holographic-like projection, since any given point
in the glomerular layer receives information from the entire olfactory epithelial plane.
Receptor cells that reacted with the lectin pokeweed agglutinin were highly dispersed in the
olfactory epithelium with axons widely scattered in the olfactory nerve. Yet, as a
consequence of the extensive reaggregation of axons at the nerve-bulb interface, the lectinpositive axons fasciculated and converged into a subregion of the glomerular
layer.(ABSTRACT TRUNCATED AT 250 WORDS)

Physiol Behav. 2004 Oct 30;83(1):13-9.

Links

Recording of the human electro-olfactogram.
Knecht M, Hummel T.
Smell and Taste Clinic, Department of Otorhinolaryngology, University of Dresden Medical School,
Fetscherstrasse 74, 01307 Dresden, Germany.

Electro-olfactograms (EOG) are electrical potentials of the olfactory epithelium that occur in
response to olfactory stimulation. The EOG represents the sum of generator potentials of
olfactory receptor neurons. While this response has been used extensively in animal
research, there are only a handful of papers describing the properties of the human EOG. In
addition to a discussion of methodological issues related to the EOG, this review
summarizes the characteristics and uses of these recordings. Among other results, EOGs
have been used to provide evidence for the dominant role of the central nervous system in
olfactory desensitization, for the functional characterization of the olfactory epithelium, the
specific topographical distribution of olfactory receptors, or the expression of olfactory
receptor neurons in response to exposure to odorants, and the characterization of certain
odorants as olfactory receptor antagonists. In conclusion, in combination with nasal
endoscopy and air-dilution olfactometry, the EOG is a unique part of a large array of
techniques used to provide a complete picture of the processing of olfactory information in
humans.

Ann N Y Acad Sci. 1998 Nov 30;855:109-15.

Induced peripheral sensitivity in the developing vertebrate olfactory system.
Hudson R, Distel H.

Links

Instituto de Investigaciones Biomédicas, Universidad Nacional Autónoma de México, Ciudad
Universitaria, Mexico. robyn@imp.med.uni-muenchen.de

The high dimensionality and unpredictability of the chemical world makes it difficult for the
olfactory system to anticipate relevant stimuli and construct neural filters accordingly. A
developmental solution to this problem would be to alter the sensory surface according to
environmental conditions so as to enhance sensitivity to molecules of particular relevance.
Evidence for this has been obtained in the rabbit. By feeding pregnant does aromatic
juniper berries, it could be shown that newborn, weanling and even adult animals
demonstrate a preference for juniper odor without subsequent postnatal experience, and
that this is associated with enhanced peripheral sensitivity for juniper odor as measured by
electro-olfactogram (EOG). This is consistent with the report that in young salmon olfactory
imprinting is associated with enhanced, odor-specific sensitivity of receptor cells as
measured by patch clamp. The mechanisms underlying such changes are unknown,
including the extent to which they are a particular feature of developing systems.

Neurosci Lett. 2006 Apr 24;397(3):224-8. Epub 2006 Jan 19.
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Electro-olfactograms are present when odorous stimuli have not been perceived.
Hummel T, Mojet J, Kobal G.
Smell & Taste Clinic, Department of Otorhinolaryngology, University of Dresden Medical School,
Fetscherstrasse 74, 01307 Dresden, Germany. thummel@rcsurz.tu-dresden.de

After chemical stimulation of the human olfactory epithelium it is possible to record a
negative response (electro-olfactogram, EOG) which is interpreted as the summated
generator potential of olfactory neurons. The aim of the present investigation was to test
whether the EOG is present when olfactory stimuli have not been perceived. Stimulation
was performed with vanillin and eugenol at supraliminal and subliminal levels. Twelve
healthy volunteers participated in the experiments. Stimuli were applied at an interstimulus
interval of approximately 60s. Although recordings were successful in 4 of the 12 subjects,
for both stimulants EOG could be obtained even when the stimuli had not been perceived by
the subjects. EOG recordings in response to supra- and subliminal stimuli exhibited no
major differences, except for the onset of the EOG in response to subliminal eugenol-stimuli
which were prolonged compared to supraliminal stimulation. All in all, the present data
provide a physiological basis for the subliminal influence of odorous stimuli on human
behavior.

Clin Neurophysiol. 2004 Jul;115(7):1631-40.

Links

A new non-invasive method for recording the electro-olfactogram using external electrodes.
Wang L, Hari C, Chen L, Jacob T.
School of Biosciences, Cardiff University, Museum Avenue, Cardiff CF10 3US, UK.

OBJECTIVE: The aim of this investigation was to explore the possibility of recording the
electro-olfactogram (EOG) using external electrodes placed on the root of the nose on
either side of the bridge and at the medial termination of the eyebrows. The EOG is
considered to be the summated generator potential of olfactory receptor cells and therefore
represents peripheral olfactory events. Recording of human EOG is technically difficult due
to poor access to the olfactory mucosa and the nasal irritation is tolerated by few subjects.
METHODS: The evoked potentials at these sites in response to two odourants, n-amyl
acetate and benzaldehyde, were recorded simultaneously with the EOG, recorded
conventionally with an intranasal electrode, and the olfactory event-related potential
(OERP) recorded using scalp electrodes. RESULTS: The extranasal potential recorded at the
root of the nose, 0.5-1 cm below the nasion, 1 cm from the ridge and ipsilateral with the
stimulus, had the highest degree of correlation with the intranasal EOG. We refer to this site
as N1 (left side) and N2 (right side). Further analysis demonstrated that the latency, the
time constant of the rising phase and the amplitude of the evoked potential recorded at N1
also had a higher correlation coefficient with the EOG than did those potentials recorded at
other sites. Statistical analysis indicated that the latency and time constant of the response
recorded externally at N1 were the same as those of the EOG recorded intranasally.
CONCLUSIONS: We conclude that an olfactory evoked potential, with many of the
characteristics of the EOG recorded from the olfactory mucosa, can be recorded externally
at a site close to the bridge of the nose. SIGNIFICANCE: This non-invasive method of
recording the EOG will have benefits for the objective assessment of olfactory function.

Brain Res. 1984 Sep 17;310(1):87-97.
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Transduction physiology of olfactory receptor cilia.
Adamek GD, Gesteland RC, Mair RG, Oakley B.
Electro-olfactograms (EOGs) evoked by 8 odorants from frog olfactory epithelia during
ciliary regrowth and during epithelial regeneration were analyzed. During ciliary regrowth
following detergent-induced ciliary removal, EOG amplitudes initially increase
proportionately with ciliary length. EOGs reach maximal amplitudes after 2 days of growth,
when cilia are 40 micron long. Therefore olfactory transduction sites are located primarily

on cilia rather than on the dendrite terminal and most of the receptor current enters
through the proximal portion of the cilium. Zinc sulfate lavage of the nasal cavity causes
selective necrosis of the receptor epithelium. During epithelial regeneration, EOGs increase
linearly with time from 13 days after zinc lavage, the time of first cilium emergence,
through 30 days. The rate of increase is different for different odorants. At 30 days and
within a period of a few days, EOG amplitudes increase abruptly, then asymptote. Thus the
development of receptors for different substances occurs at different rates and occurs in
two steps. The transition between the two developmental states is coincident with arrival of
receptor axon terminals at the central nervous system and with the immobilization of the
ciliary contractile apparatus. Since there is continual generation of new receptor neurons
throughout life, EOGs recorded in a normal nose reflect a complex combination of the
differing receptor processes of cells of differing developmental stages.

Chem Senses. 2004 Jun;29(5):411-24.
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Characterization of electro-olfactogram oscillations and their computational reconstruction.
Suzuki N, Takahata M, Shoji T, Suzuki Y.
Animal Behavior and Intelligence, Division of Biological Sciences, Graduate School of Science, Hokkaido
University, Sapporo 060-0810, Japan. suzuki@sci.hokudai.ac.jp

Electro-olfactogram (EOG) oscillations induced by odorant stimulation have been often
reported in various vertebrates from fishes to mammals. However, the mechanism of
generation of EOG oscillations remains unclear. In the present study, we first characterized
the properties of EOG oscillations induced by amino acid odorants in the rainbow trout and
then performed a computer simulation based on the main assumption that olfactory
receptor neurons (ORNs) have intrinsic oscillatory properties due to two types of voltagegated ion channels, which have not yet been reported in vertebrate ORNs. EOG oscillations
appeared mostly on the peak and decay phases of negative EOG responses, when odorant
stimuli at high intensity flowed regularly anterior to posterior olfactory lamellae in the
olfactory organ. The appearance of EOG oscillations was dependent on the odorant intensity
but not on the flow rate. The maximum amplitude and the maximum power frequency of
EOG oscillations were 3.51 +/- 3.35 mV (mean +/- SD, n = 232, range 0.12-16.79 mV)
and 10.59 +/- 5.05 Hz (mean +/- SD, n = 232, range 3.51-40.03 Hz), respectively. The
simulation represented sufficiently well the characteristics of EOG oscillations; occurrence at
high odorant concentration, odorant concentration-dependent amplitude and the maximum
power frequency range actually observed. Our results suggest that EOG oscillations are due
to the intrinsic oscillatory properties of individual ORNs, which have two novel types of
voltage-gated ion channels (resonant and amplifying channels). The simulation program for

Macintosh ('oscillation 3.2.4' for MacOS 8.6 or later) is available on the world wide web
(http://bio2.sci.hokudai.ac.jp/bio/chinou1/noriyo_home.html).

Microsc Res Tech. 2002 Aug 1;58(3):152-60.
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The electroolfactogram: a review of its history and uses.
Scott JW, Scott-Johnson PE.
Department of Cell Biology, Emory University School of Medicine, Atlanta, Georgia 30322, USA.
johns@cellbio.emory.edu

The electroolfactogram (EOG) is a negative electrical potential recorded at the surface of
the olfactory epithelium of vertebrates. It represents primarily, if not exclusively, the
summated generator potential in the olfactory receptor neurons (ORNs). While a number of
studies suggest that secretory or inhibitory events may also contribute to the EOG, these
are not well established. This review outlines (1) the cellular and physiological nature of the
EOG response; (2) methodological considerations regarding odor selection and delivery,
surgical preparation, response descriptions, and analysis; and (3) application of the EOG in
human, fish, and insect olfaction and pheromonal responsivity. A number of technical issues
associated with EOG recording are also discussed. Copyright 2002 Wiley-Liss, Inc.

Experientia. 1988 Mar 15;44(3):208-11. Links

Spatial variation in response to odorants on the rat olfactory epithelium.
Edwards DA, Mather RA, Dodd GH.
Chemistry Department, Warwick University, Coventry, England.

We have measured the electro-olfactogram produced by four odorants, nicotine, i-pentyl
acetate, i-pentanoic acid and cineole from twelve positions on an in vitro preparation of rat
olfactory tissue. Each odorant shows a different pattern of response over the twelve
positions which can be explained by differences in olfactory receptor populations between
regions of the rat olfactory epithelium. The result for nicotine is further evidence that there
are olfactory receptors which are stimulated by nicotine when it is presented as a vapour.

Brain Res. 1986 Feb 26;366(1-2):329-32.
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Masera's organ responds to odorants.
Marshall DA, Maruniak JA.
Electroolfactogram (EOG) recordings from the rat septal olfactory organ (SO) provide the
first demonstration of its broad-range chemosensitivity, and clearly establish this structure
as a functioning component of the mammalian intranasal chemosensory system. SO
sensitivity to lower concentrations of at least one common test odorant (pentyl acetate)
exceeds that at sites located on the septal portion of the main olfactory neuroepithelium.
Signals from the SO, as first proposed, thus could have an alerting function and provide
information relevant to odor stimulus assessment.

Chem Senses. 2008 Apr;33(4):397-404. Epub 2008 Feb 25.

Links

Electroolfactogram responses from organotypic cultures of the olfactory epithelium from
postnatal mice.
Pinato G, Rievaj J, Pifferi S, Dibattista M, Masten L, Menini A.
Neurobiology Sector, International School for Advanced Studies, SISSA, SS 14 Km 163.5, 34012
Basovizza, Trieste, Italy.

Organotypic cultures of the mouse olfactory epithelium connected to the olfactory bulb were
obtained with the roller tube technique from postnatal mice aged between 13 and 66 days.
To test the functionality of the cultures, we measured electroolfactograms (EOGs) at
different days in vitro (DIV), up to 7 DIV, and we compared them with EOGs from identical
acute preparations (0 DIV). Average amplitudes of EOG responses to 2 mixtures of various
odorants at concentrations of 1 mM or 100 microM decreased in cultures between 2 and 5
DIV compared with 0 DIV. The percentage of responsive cultures was 57%. We also used
the phosphodiesterase inhibitor 3-isobutyl-1-methylxanthine (IBMX) to trigger the olfactory
transduction cascade bypassing odorant receptor activation. Average amplitudes of EOG
responses to 500 microM IBMX were not significantly different in cultures up to 6 DIV or 0
DIV, and the average percentage of responsive cultures between 2 and 5 DIV was 72%.
The dose-response curve to IBMX measured in cultures up to 7 DIV was similar to that at 0
DIV. Moreover, the percentage of EOG response to IBMX blocked by niflumic acid, a blocker
of Ca-activated Cl channels, was not significantly different in cultured or acute preparations.

J Insect Physiol. 2004 Jun;50(6):497-503.

Links

How the choice of method influence on the results in electrophysiological studies of insect
olfaction.
Wibe A.
Norwegian Centre for Ecological Agriculture, Tingvoll gard, N-6630, Norway. atle.wibe@norsok.no

In identifying the volatiles that insects use to locate suitable host plants,
electrophysiological recordings of olfactory responses to plant volatiles may give important
information. However, divergent results may be obtained with different recording
techniques. To illustrate these differences, the results of a previous investigation using
single cell recordings linked to a gas chromatograph (SCR-GC) are compared with the
results obtained with an electroantennogram linked to a gas chromatograph (EAG-GC).
Testing insects of the same species (Hylobius abietis) for the same test sample, 30 potent
volatile compounds were identified by SCR-GC and 18 by EAG-GC. Of the 34 different
compounds, 14 were identified by both techniques. Furthermore, when the same compound
elicited detectable responses by both techniques, the response strength was usually not the
same relative to the strongest response recorded by each technique. This shows that both
EAG-GC and SCR-GC are important techniques in the identification of potent plant volatiles
for insects. However, by using SCR-GC more information was obtained, information that can
be crucial for understanding the insect-plant relationship

Ann N Y Acad Sci. 2008 Apr;1126:1-6. Epub 2007 Dec 13.
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The sense of smell: reception of flavors.
Breer H.
University of Hohenheim, Institute of Physiology, Garbenstrasse 30, D-70599 Stuttgart, Germany.
breer@uni-hohenheim.de

The sensory and hedonic evaluation of most food-related flavors is mainly dependent on
olfactory perception. The sense of smell is able to recognize and discriminate myriads of
airborne molecules with great accuracy and sensitivity. The primary processes of odor
perception are mediated by the chemosensory olfactory neurons in the nasal epithelium,
which upon interaction with appropriate odorants elicit a chemo-electrical transduction
process converting the chemical signal into electrical impulses. The encoded information is

conveyed onto distinct glomeruli, inducing topographic activity patterns in the olfactory
bulb. The emerging chemotopic maps are decoded in the olfactory cortex, leading to the
perception of distinct flavors

Chem Senses. 1996 Oct;21(5):519-27.
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Electrophysiological evidence for the broad distribution of specific odorant receptor
molecules across the olfactory organ of the channel catfish.
Chang Q, Caprio J.
Department of Zoology and Physiology, Louisiana State University, Baton Rouge 70803-1725, USA.

To determine if there is a spatial segregation of responsiveness to odorants within the
olfactory epithelium, microelectrode recordings were obtained from small populations of
olfactory receptor neurons located across different lamellar sensory regions of the olfactory
organ of the channel catfish, lctalurus punctatus. Stimuli included L-alanine, L-methionine,
L-arginine hydrochloride, L-glutamic acid, ATP and a mixture of bile salts-odorants
previously reported to stimulate independent receptor sites in aquatic species. The peak
integrated olfactory receptor responses at each recording site were standardized to the
response to L-alanine. The relative stimulatory effectiveness of the stimuli was preserved
across the 10 olfactory lamellae recording sites. These data support previous molecular
biological results of a broad distribution of receptor neurons that express specific receptor
genes across the olfactory organ of the channel catfish.

Zh Eksp Klin Med. 1973;13(1):80-5. Links

[Study of the human electro-olfactogram (EOG)]
[Article in Russian]

Demirchoglian GG, Melikian RG, Avetisian ZA, Narimanian VA

J Physiol. 2004 Jan 1;554(Pt 1):236-44.
Comment in:
J Physiol. 2004 Jan 1;554(Pt 1):1.

Links

Evidence for peripheral plasticity in human odour response.
Wang L, Chen L, Jacob T.
School of Biosciences, Cardiff University, Museum Avenue, Cardiff CF10 3US, UK.

Of those people who are anosmic to androstenone, a proportion can acquire sensitivity to it
by repeated exposure and even those who are able to smell it can lower their threshold with
this treatment. Using olfactory threshold testing, intranasal electrophysiology and EEG we
show for the first time that: (1) the subjects' detection threshold is proportional to the
amplitude of the olfactory evoked potential (EOG) recorded inside the nose; (2) the EOG
amplitude is correlated with the amplitude of the olfactory event-related potential (OERP)
recorded on the scalp; and (3) with repetitive exposure, human subjects acquire a reduced
threshold for androstenone and, as they do so, their EOG and OERP increase. These
observations support the existence of odourant-specific plasticity in the peripheral olfactory
system.

Appl Neurophysiol. 1983;46(5-6):286-9. Links

Effects of electrical stimulation of the human olfactory mucosa.
Straschill M, Stahl H, Gorkisch K.
Electrical stimulation of the human olfactory mucosa was performed by means of an
electrode attached to a rhinoscope . Stimulation of the nasal mucosa did not evoke smell
sensations, but suppressed smell sensations of presented odorants. When electrical
stimulation followed the exposure to an odorant within a certain interval, the stimulus
recalled the already faded sensation of the preceding odorant. Electrical stimulation without
prior natural stimulation produced unpleasant sensations in 3 patients with a history of
temporal lobe seizures and olfactory auras , but not in patients with primary, generalized or
focal epilepsy

J Neurosurg. 1996 Dec;85(6):1122-6. Links

Olfactory evoked potentials: experimental and clinical studies.
Sato M, Kodama N, Sasaki T, Ohta M.
Department of Neurosurgery, Fukushima Medical School, Japan.

Olfactory evoked potentials (OEPs), obtained by electrical stimulation of the olfactory
mucosa, were recorded in dogs and humans to develop an objective method for evaluating
olfactory functions. In dogs, OEPs were recorded from the olfactory tract and the scalp. The
latency of the first negative peak was approximately 40 msec. A response was not obtained
after stimulation of the nasal mucosa and disappeared after sectioning of the olfactory
nerve. With increasing frequencies of repetitive stimulation, the amplitude was reduced,
suggesting that the response was synaptically mediated. These results demonstrate that
evoked potentials from the olfactory tract and the scalp following electrical stimulation of
the olfactory mucosa originate specifically from the olfactory system. In humans, a
stimulating electrode with a soft catheter was fixed on the olfactory mucosa. The OEPs from
the olfactory tract, recorded with a negative peak of approximately 27 msec, had similar
characteristics to OEPs found in dogs. The OEPs from the olfactory tract in humans also
originate specifically from the olfactory system. The authors postulate that OEPs obtained
by electrical stimulation of the olfactory mucosa may prove useful for intraoperative
monitoring of olfactory functions.

Biophys J. 1998 Oct;75(4):1712-26.
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Electroreceptor model of the weakly electric fish Gnathonemus petersii. I. The model and the
origin of differences between A- and B-receptors.
Shuai J, Kashimori Y, Kambara T.
Department of Applied Physics and Chemistry, The University of Electro-Communications, Chofu, Tokyo
182-8585, Japan.

We present an electroreceptor model of the A- and B-receptors of the weakly electric fish
Gnathonemus petersii. The model consists of a sensory cell, whose membrane is separated
into an apical and basal portions by support cells, and an afferent fiber. The apical
membrane of the cell contains only leak channels, while the basal membrane contains
voltage-sensitive Ca2+ channels, voltage-sensitive and Ca2+-activated K+ channels, and
leak channels. The afferent fiber is described with the modified Hodgkin-Huxley equation, in
which the voltage-sensitive gate of the K+ channels is a dynamic variable. In our model we
suggest that the electroreceptors detect and process the information provided by an electric
organ discharge (EOD) as follows: the current caused by an EOD stimulus depolarizes the
basal membrane to a greatly depolarized state. Then the release of transmitter excites the
afferent fiber to oscillate after a certain time interval. Due to the resistance-capacitance
structure of the cells, they not only perceive the EOD intensity, but also sense the variation
of the EOD waveform, which can be strongly distorted by the capacitive component of an
object. Because of the different morphologies of A- and B-cells, as well as the different
conductance of leak ion channels in the apical membrane and the different capacitance of

A- and B-cells, A-receptors mainly respond to the EOD intensity, while B-receptors are
sensitive to the variation of EOD waveform.

IET Nanobiotechnol. 2007 Apr;1(2):15-21.
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Towards a truly biomimetic olfactory microsystem: an artificial olfactory mucosa.
Covington JA, Gardner JW, Hamilton A, Pearce TC, Tan SL.
University of Warwick, School of Engineering, Coventry, UK. j.a.covington@warwick.ac.uk

Today, the capability of the human olfactory system is still, in many ways, superior to that
of the electronic nose. Although electronic noses are often compared with their biological
counterpart, they neither mimic its neural architecture nor achieve its discriminating
performance. Experimental studies on the mammalian olfactory system suggest that the
nasal cavity, comprising of the mucous layer and the olfactory epithelium, performs a
degree of chromatographic separation of complex mixtures. Thus receptor cells distributed
beneath the mucous layer provide both spatial and temporal chemosensory information.
Here we report on the development of an artificial olfactory microsystem that replicates this
basic structure. This contains an integrated channel to emulate the nasal cavity and coated
with a polymer to mimic the partitioning mucous layer, which is positioned directly over a
sensor array. Our system employs an 80 element chemoresistive microsensor array with
carbon black/polymer odour-sensitive films combined with a microfluidic package fabricated
by micro-stereolithography. Results show that this biomimetic system generates both
spatial and temporal odorant signals, with a temporal chemical retention period of up to
170 s. Data analysis has revealed improvements in its ability to discriminate between two
simple odours and a set of complex odours. We believe such emulation of the olfactory
system can lead to improved odour discrimination within the field of electronic noses

Curr Opin Neurobiol. 2006 Feb;16(1):67-73. Epub 2006 Jan 11.

Development of wiring specificity in the olfactory system.
Komiyama T, Luo L.

Links

Howard Hughes Medical Institute, Department of Biological Sciences and Neurosciences Program,
Stanford University, Stanford, CA, 94305, USA.

The olfactory system discriminates a large number of odorants using precisely wired neural
circuits. It offers an excellent opportunity to study mechanisms of neuronal wiring
specificity at the single synapse level. Each olfactory receptor neuron typically expresses
only one olfactory receptor from many receptor genes (1000 in mice). In mice, this striking
singularity appears to be ensured by a negative feedback mechanism. Olfactory receptor
neurons expressing the same receptor converge their axons to stereotypical positions with
high precision, a feature that is conserved from insects to mammals. Several molecules
have recently been identified that control this process, including olfactory receptors
themselves in mice. The second order neurons, mitral cells in mammals and projection
neurons in insects, have a similar degree of wiring specificity: studies in Drosophila suggest
that projection neuron-intrinsic mechanisms regulate their precise dendritic targeting.
Finally, recent studies have revealed interactions of different cell types during circuit
assembly, including axon-axon interactions among olfactory receptor neurons and dendrodendritic interactions of projection neurons, that are essential in establishing wiring
specificity of the olfactory circuit.

Zh Eksp Klin Med. 1973;13(1):80-5. Links

[Study of the human electroolfactogram (EOG)]
[Article in Russian]

Demirchoglian GG, Melikian RG, Avetisian ZA, Narimanian VA

Zoolog Sci. 2000 Apr 1;17(3):293-300.

Links

Oscillatory Electric Potential on the Olfactory Epithelium Observed during the Breeding
Migration Period in the Japanese Toad, Bufo japonicus.
Nakazawa H, Kaji S, Ishii S.
Japanese toad (Bufo japonicus) tracks the route to and from the breeding sites using the
olfactory cues from the migration route and not from the destination (). We recorded a slow
extracellular potential change (electro-olfactogram or EOG) evoked on the olfactory
epithelium by applying an olfactory stimulus with an air stream. In September toads, only a
simple typical EOG that is common in various vertebrate species was observed. Oscillatory

potential changes (OSC) superimposed on the typical EOG were observed in the breeding
season when studied throughout a year. There were no sexual differences in the occurrence
and the amplitude of the OSC. Oscillatory potentials were observed also from the olfactory
nerve of the brain. The OSC in the olfactory epithelium remained even after denervation. In
addition, it was suggested that there are multiple sites of OSC initiation in the olfactory
epithelium. These results suggest an intimate relationship between OSC appearance and
the breeding migration in the toad

Psychol Bull. 1989 May;105(3):352-60.

Links

Cognition and olfaction: a review.
Richardson JT, Zucco GM.
Examines research in cognitive psychology, which has in the past paid little attention to the
olfactory modality. But there is now a significant body of literature on the role of the
olfactory system in memory and cognition. Human beings possess an excellent ability to
detect and discriminate odors, but they typically have great difficulty in identifying
particular odorants. This results partly from the use of an improverished and idiosyncratic
language to describe olfactory experiences, which are normally encoded either in a
rudimentary sensory form or as part of a complex but highly specific biographical episode.
Consequently, linguistic processes play only a very limited role in olfactory processing,
whereas hedonic factors seem to be of considerable importance

J Chromatogr B Analyt Technol Biomed Life Sci. 2004 Feb 5;800(1-2):41-7.
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Neurophysiologic detector-a selective and sensitive tool in high-performance liquid
chromatography.
Brondz I, Hamdani el H, Døving K.
Department of Biochemistry, University of Oslo, P.O. Box 1041, Blindern, 0316 Oslo, Norway.
ilia.brondz@biokjemi.uio.no

In the present study neurons from the olfactory system of the fish crucian carp, Carassius
carassius L. were used as components in an in-line neurophysiologic detector (NPD) to
measure physiological activities following the separation of substances by high-performance
liquid chromatography (HPLC). The skin of crucian carp, C. carassius L. contains
pheromones that induce an alarm reaction in conspecifics. Extra-cellular recordings were

made from neurons situated in the posterior part of the medial region of the olfactory bulb
known to mediate this alarm reaction. The nervous activity of these specific neurons in the
olfactory bulb of crucian carp was used as an in-line neurophysiologic detector. HPLC was
performed with an HP 1100 model equipped with a diode array detector (DAD) and
ChemStation software. An adsorbosphere nucleotide-nucleoside 7 microm column was used
to separate the substances in the skin extract using artificial pound water (APW) as the
mobile phase. UV spectral detection was performed at 214, 254 and 345 nm, and scans
(190-400 nm) were collected continuously. This system enabled the selection of peaks in
the chromatogram with fish alarm pheromone activity. The neurons in parts of the olfactory
system from different aquatic organisms and vertebrates can be used for the detection of
species-specific stimuli such as sexual and alarm signals, food odours, and other
physiologically significant substances. NPDs clearly offer new and promising options for inline HPLC as highly selective and sensitive detectors in biological, medical and
pharmaceutical research

Res Vet Sci. 2000 Dec;69(3):263-5.
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Electroencephalographic olfactometry (EEGO) analysis of odour responses in dogs.
Hirano Y, Oosawa T, Tonosaki K.
Department of Veterinary Physiology, Faculty of Agriculture, Gifu University, 1-1 Yanagido, Gifu, Gifu
501-1193, Japan.

Scientists in many fields have studied olfaction in dogs, but no simple method exists to
study this function. The olfactory ability of dogs is used in many fields. However, the
owners of the dogs have a frustrating experience because there is not an easy method to
measure olfactory function. The purpose of this study was to examine the characteristics of
olfactory function of the dog with electroencephalographic olfactometry (EEGO) recording.
It was found that slow waves decreased and rapid waves increased in response to odours.
From these results, it is suggested that the rapid waves of EEGO activity are important in
determining a dog's olfactory ability. The EEGO recording is effective in diagnosing anosmia
in the dog and is easier than a behavioural experiment. Additionally, this method may not
cause distress to an animal. Copyright 2000 Harcourt Publishers Ltd

Fortschr Tierphysiol Tierernahr. 1980;(11):21-6. Links

Neural (electro-physiological) methods in chemoreception research

J Physiol. 1966 Sep;186(1):97-109.

Links

An electrophysiological study of odour similarities of homologous substances.
Döving KB.
1. The activity of single bulbar units in the olfactory system of the frog was recorded
extracellularly by means of micro-electrodes. The electro-olfactogram was recorded
simultaneously from the receptor epithelium.2. The olfactory epithelium was stimulated
with substances of homologous series of normal aliphatic alcohols, acetates and ketones.3.
The effect on a bulbar unit was classified as excitatory or inhibitory, and the chi-square
values calculated with one degree of freedom for all pairs in a given series. The statistical
values obtained indicated the degree of similarity in olfactory stimulative properties
between the odours.4. The results show that the degree of similarity in olfactory properties
is greatest among neighbouring substances and gradually decreases with increasing
separation in chain length.5. Significant rank correlation coefficients were found between
the chi-square values and the molecular weight ratios for alcohols and acetates. The results
are discussed in relation to psychophysical findings obtained with the same substances

Comp Biochem Physiol. 1967 Apr;21(1):185-200. Links

Electrophysiological studies of the olfactory system of the goldfish, Carassius auratus L. I.
Modification of the electrical activity of the olfactory bulb by other central nervous structures.
Hara TJ, Gorbman A

Ann Otol Rhinol Laryngol. 1962 Mar;71:213-21. Links

Psychogalvanic skin response olfactometry.
BORSANYI SJ, BLANCHARD CL

Jibiinkoka. 1964 Jul;36:605-9. Links

[OLFACTORY STIMULATION AND GALVANIC SKIN RESPONSE.]
[Article in Japanese]

ICHIHARA M, KOMATSU A, ICHIHARA F, ASAKA H

Kita Kanto Igaku. 1962 May;12:169-84. Links

[Electrophysiological studies on the nasal mucosa.]

Minerva Otorinolaringol. 1963 Jan;13:1-6. Links

[Bibilographic review of electrophysiological research on the olfactory system. II. Electrical
activity of the olfactory centers of the rhinencephalon.]

J Nanosci Nanotechnol. 2002 Oct;2(5):545-55. Links

Electromagnetic fields on a quantum scale. I.
Grimes DM, Grimes CA.
Department of Electrical Engineering, Pennsylvania State University, University Park, Pennsylvania,
USA.

This is the first in a series of two articles, the second of which provides an exact electromagnetic field description of photon emission, absorption, and radiation pattern. Photon
energy exchanges are analyzed and shown to be the triggered, regenerative response of a
non-local eigenstate electron. This first article presents a model-based, hidden variable
analysis of quantum theory that provides the statistical nature of wave functions. The
analysis uses the equations of classical electro-magnetism and conservation of energy while
modeling an eigenstate electron as a nonlocal entity. Essential to the analysis are physical
properties that were discovered and analyzed only after the historical interpretation of
quantum mechanics was established: electron non-locality and the standing electro-

magnetic energy that accompanies and encompasses an active, electrically small volume.
The standing energy produces a driving radiation reaction force that, under certain
circumstances, is many orders of magnitude larger than currently accepted values. These
properties provide a sufficient basis for the Schrödinger equation as a descriptor of nonrelativistic eigenstate electrons in or near equilibrium. The uncertainty principle follows, as
does the exclusion principle. The analysis leads to atomic stability and causality in the sense
that the status of physical phenomena at any instant specifies the status an instant later

Review of the literature of methods of making transcutaneous voltammetric
evoked potential (TVEP) for measuring biological states and changes
Intro:
There are many processes for the manufacture of small sensors with reproducible surfaces,
including electrochemical sensors. The conductive material can also be formed on the person’s
skin (transcutaneous) by many conductive methods. In the Electro-Physiological Feedback
Xrroid (EPFX) aka SCIO the sensors or electrodes are a carbon (graphite) impregnated polymer
to allow equal availability of electron flow. The EPFX was registered for reactivity measures,
stress reduction and muscle measures in 1989 in America. Since the system has been registered
world wide as a medical device. The system can measure the reactions of a patient to an applied
voltammetric signature. These signatures come from the QQC voltammetric patterns. (see QQC
www.voltametriaqqc.ro)
The EPFX SCIO then can calculated the reaction and display the reaction scores.
This article will serve as a literature review of current philosophy and utilization of the many
techniques of transcutaneous voltammetry as a basis of our patent application.
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Abstract
Previous studies by our group have demonstrated the ability of white blood cells to generate small electrical currents, on the
order of 1 - 3Â¿A/cm2, when placed at the anode compartment of a proton exchange membrane (PEM) biological fuel cell.
In this research study, an electrochemical technique is used to further investigate the electron transfer ability of activated
white blood cells at interfacing electrodes in an attempt to elucidate the mechanism of electron transfer in the original
biological fuel cell experiments. Cyclic voltammograms were obtained for human white blood cells using a three-electrode
system. The working and counter electrodes were made from carbon felt and platinum, respectively, while the reference was
a saturated calomel electrode (SCE). Oxidation peaks were observed at an average potential of 363 mV vs. SCE for the
PMA/ionomycin activated white blood cells in glucose solution. However a corresponding reduction peak was not observed,

suggesting irreversibility of the redox reaction. The cyclic voltammograms recorded for the white blood cells bear very close
similarities to those of the neurotransmitter serotonin (5-HT). Serotonin released by white blood cells into the extracellular
environment may be irreversibly oxidized at the working electrode in the cyclic voltammetry experiments and at the PEM
biological fuel cell anode in our earlier electrochemical cell studies.
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Review of the literature of methods of SCIO transcutaneous voltammetric
evoked potential (TVEP)
Intro:
There are many processes for the manufacture of small sensors with reproducible surfaces,
including electrochemical sensors. The conductive material can also be formed on the person’s
skin (transcutaneous) by many conductive methods. In the Electro-Physiological Feedback
Xrroid (EPFX) aka SCIO the sensors or electrodes are a carbon (graphite) impregnated polymer
to allow equal availability of electron flow. The EPFX was registered for reactivity measures,
stress reduction and muscle measures in 1989 in America. Since the system has been registered
world wide as a medical device. The system can measure the reactions of a patient to an applied
voltammetric signature. These signatures come from the QQC voltammetric patterns. (see QQC
www.voltametriaqqc.ro)
The EPFX SCIO then can calculated the reaction and display the reaction scores.
This article will serve as a literature review of current philosophy and utilization of the many
techniques of transcutaneous voltammetry as a basis of our patent application.
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Abstract
Previous studies by our group have demonstrated the ability of white blood cells to generate

small electrical currents, on the order of 1 - 3Â¿A/cm2, when placed at the anode compartment
of a proton exchange membrane (PEM) biological fuel cell. In this research study, an
electrochemical technique is used to further investigate the electron transfer ability of activated
white blood cells at interfacing electrodes in an attempt to elucidate the mechanism of electron
transfer in the original biological fuel cell experiments. Cyclic voltammograms were obtained for
human white blood cells using a three-electrode system. The working and counter electrodes
were made from carbon felt and platinum, respectively, while the reference was a saturated
calomel electrode (SCE). Oxidation peaks were observed at an average potential of 363 mV vs.
SCE for the PMA/ionomycin activated white blood cells in glucose solution. However a
corresponding reduction peak was not observed, suggesting irreversibility of the redox reaction.
The cyclic voltammograms recorded for the white blood cells bear very close similarities to
those of the neurotransmitter serotonin (5-HT). Serotonin released by white blood cells into the
extracellular environment may be irreversibly oxidized at the working electrode in the cyclic
voltammetry experiments and at the PEM biological fuel cell anode in our earlier
electrochemical cell studies.
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Summary
Analyzing signal and noise for any sensory system
current signals by its own movement. Self-generated
requires an appreciation of the biological and physical
bioelectric fields modulated by breathing movement have
milieu of the animal. Behavioral studies show that
similar temporal characteristics to important external
elasmobranchs use their electrosensory systems extensively
signals and produce very strong modulation of
electrosensory afferents. This sensory reafference is
for prey detection, but also for mate recognition and
essentially similar, or common-mode, across all afferent
possibly for navigation. These biologically important
signals are detected against a background of self-generated
fibers. The principal electrosensory neurons (ascending
bioelectric fields. Noise-suppression mechanisms can be
efferent neurons; AENs) of the dorsal octavolateralis
nucleus show a greatly reduced response to common-mode
recognized at a number of different levels: behavior,
signals. This suppression is mediated by the balanced
receptor anatomy and physiology, and at the early stages
excitatory and inhibitory components of their spatial
of sensory processing. The peripheral filters and receptor
receptive fields. The receptive field characteristics of AENs
characteristics provide a detector with permissive temporal
determine the information extracted from external stimuli
properties but restrictive spatial characteristics.
for further central processing.
Biologically important signals probably cover the range
from direct current to 10 Hz, whereas the bandwidth of the
receptors is more like 0.1–10 Hz. This degree of alternating
current coupling overcomes significant noise problems
Key words: elasmobranch, electroreception, prey detection, mate
recognition, navigation, noise suppression.
while still allowing the animal to detect external direct

Introduction
Elasmobranch electroreception is representative of the
pleisiomorphic electrosensory modality that existed across
early vertebrate evolution. This form of electroreception still
exists in all fish groups with the exception of the Neopterygii
(Bullock et al., 1982). As a primitive representative,
elasmobranch electroreception makes an interesting
comparison with the secondarily evolved electrosensory
systems of the gymnotids and mormyrids that make up the
subject matter of the rest of this volume.
At approximately 800 extant species, elasmobranch
diversity considerably outweighs the currently known number
of gymnotid (62) or mormyrid (200) species (Helfman et al.,
1997). Not only are elasmobranchs more diverse than the
secondarily electroreceptive groups, they are arguably also
more disparate (sensu Raff, 1996). They exhibit a wide range
of body forms and live in a range of habitats, from shallow
coastal seas to the deep ocean. Large-bodied planktivores,
whale sharks, basking sharks, megamouth and mantas, contrast
with formidable large pelagic predators, such as great whites
and makos, and further contrast with smaller benthic
invertebrate predators, such as the rays and dogfish.

To understand electroreception across such a diverse group
requires an appreciation of the biological and physical milieu
of the animals. To be fair, we have only begun to sample the
diversity found across this fascinating group. The
electroreceptors themselves are exquisitely sensitive, with
behavioral thresholds below 5 nV cm−1. Being so sensitive, the
electroreceptors will respond to a wide range of extrinsic
electric fields of both biological and inanimate origin. They
will also respond to much else besides, including the animal’s
own bioelectric fields, electric fields generated by the animal’s
movements, movement per se, temperature and changes in the
chemical composition of the sea water. Accordingly, some
forms of stimulation will represent biologically useful signals
whereas others will represent potentially confusing noise.
Sorting out signal from noise is a challenge for both the
neuroethologist and the signal-processing capabilities of the
animal. Our starting point is to identify biologically important
signals by looking at the behavioral capabilities of
elasmobranchs that can be attributed to electroreception.
Potential noise problems and their solutions are then identified
and discussed.
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Electrosensory signals
The most common use of electroreception is likely to be in
prey detection. This use is strongly indicated by the
distribution of electroreceptive pores (Fig. 1), which parallels
the distribution of the mechanosensory canals. Typically, the
highest density of pores is around the mouth and on the ventral
rostrum in front of the mouth. Despite this, there are only
relatively few behavioral studies that unequivocally
demonstrate the use of electroreception in prey detection.
Kalmijn (e.g. 1982) has provided most of the direct evidence.
In laboratory behavior experiments, both Scyliorhinus canicula
and Raja clavata executed well-aimed feeding responses to
agar-screened prey and to dipole fields. In field observations,
the smooth dogfish Mustelus canis and the blue shark Prionace
glauca attracted into an area by an odor source preferentially
attacked an active dipole source. Tricas (1982) has shown that
nocturnal predation on small fish by the swell shark
Cephaloscyllium ventriosum is also mediated by the
electrosensory system. Recent work with the little skate Raja
erinacea demonstrates well-directed attacks at electrically
simulated prey (M. D. B. Halstead, unpublished observations).
For small electrical sources at short range, it is likely that
source location is determined simply by the area of the most
strongly activated electroreceptors. Kalmijn (1997) describes
it more formally by stating that, at close proximity, the precise
position of the target is derived from the conspicuous nonuniformity of the field. In this instance, electrolocation would
be akin to touch-at-a-distance, which is how the
mechanosensory lateral line is often described (Montgomery
et al., 1995). It is interesting that R. erinacea orienting to small

Fig. 1. Photograph of the ventral surface of a skate (Raja nasuta).
Mechanosensory lateral line canals have been injected with ink to
illustrate the distribution of canals. The injection site is evident on
the right side of the photograph, and the canals are more extensively
filled on this side. Electrosensory pores in this species are naturally
pigmented and show up as black spots. In some cases, particularly
the pores on the base of the pectoral fins, the jelly-filled canal leading
away from the pore is evident. Note that the distribution of both
systems centers on the mouth. Photograph by E. Skipworth,
Experimental Biology Research Group, School of Biological
Sciences, University of Auckland.

dipoles ignores the vertical dimension. Dipoles held above the
pectoral fin induce a positioning of the mouth to the position
on the substratum below where the stimulus was presented (M.
D. Jarnot, unpublished observations). The skate has reduced
source localisation to a two-dimensional problem. For larger
electrical sources at a greater range, Kalmijn (1997) has
proposed the following approach algorithm. When first
noticing the bioelectric field of its prey, a shark must turn in
such a fashion as to keep the spatially averaged direction of
the field it receives constant with respect to the body axis
(Fig. 2). It is possible that a shark could use an alternative
strategy of turning to the side on which the electric field is
strongest. However, Kalmijn (1997) comments that this would
require the animal to have an appreciation of the distribution
of the minute differences in the strength of the field over the
electroreceptive skin area. Behavioral examination of approach
paths and experimental manipulation of the electric field

Fig. 2. Bioelectric fields and the detection of prey (taken from
Kalmijn, 1997, with permission). (A) Three-dimensional
representation of a dipole field simulating the bioelectric field of a
prey item. (B) Section of the dipole field, and approach paths
predicted by the suggested approach algorithm. The shark notices the
field at the position of the first dot from the right and initiates the
attack on reaching the position of the fourth dot (dots represent field
strengths of 2–5 µV cm−1, respectively). The approach paths intersect
the field lines at constant angles.
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Fig. 3. Orientation responses by round stingrays (Urolophus halleri) to buried females and bioelectric simulations of conspecifics (taken from
Tricas et al., 1995, with permission). (A) Males localize, orient towards and inspect buried females in the wild. The search path of a male (1)
changes abruptly after detection of a female in the sand. Males inspect buried females with the rostrum placed over the margins of her body
disc (2), pelvic fins (3) or sometimes her snout. Active courtship and copulation occur after the male has excavated the buried female. Scale
bar, 25 cm. (B) Female bioelectric potentials recorded on the dorsal surface above the spiracle (top, left trace) and the ventral surface at the gill
slits (top, right trace). The lower graphs are Fourier transforms that show the strong frequency components near 1 Hz that result from these
ventilatory movements. (C) Orientation responses by round stingrays to a synthesized phasic bioelectric field. Recorded digitized waveforms
were used to simulate the modulated electric field in playback experiments. Male stingrays (1) orient, approach and inspect the buried electric
model (shown in black). Females orient towards and inspect the electric dipole model, but also frequently bury themselves close to it. The
anode (+) and cathode (−) indicate the polarities of the buried electric dipole.

structure will be required to test the proposed approach
algorithm. The receptive field structure of central neurons may
also provide insight into which features of the electrical field
are extracted to generate the approach behavior.
The second demonstrated use of electrosense in
elasmobranchs is in mate detection (Tricas et al., 1995). The
round stingray (Urolophus halleri) produces an electric field
with a complex geometry that is modulated rhythmically by
movements of the spiracles and gill slits during ventilation.
Reproductively active male stingrays locate mates, and female
rays locate buried consexuals, using this weak stimulus
(Fig. 3).
Orientation and navigation have been proposed as a third use
for the elasmobranch electrosense (Kalmijn, 1978, 1981, 1984,
1988a,b, 1997). It is certainly the case that pelagic
elasmobranchs undertake extensive migrations and can hold
steady compass headings in the absence of other apparent cues
(Carey and Scharold, 1990; Klimley, 1993). It is also the case
that electric fields induced by the animal’s movement through
the earth’s magnetic field will be within the range of sensitivity
of the electroreceptors. Laboratory behavioral studies show
that rays can be trained to orient to weak direct-current (d.c.)
electric fields (Kalmijn, 1982), and preliminary field
experiments provide some evidence that swimming direction
can be changed by altering the direction of the electric field
(Kalmijn, 1988b). On Kalmijn’s analysis, elasmobranchs could
have two modes of navigation using their electrosense. In the
passive mode, the shark measures voltage gradients that
develop through its body as a result of electric fields in the

environment. These fields are created by the flow of water
through the earth’s magnetic field. In the active mode, the
shark measures voltage gradients that develop through the
body due to its own swimming movements. Paulin (1995) has
contributed to the theoretical analysis of active
electronavigation by concentrating attention on the modulation
of electrosensory inputs caused by head turning during
swimming. He has shown that sufficient information is
available to obtain directional cues from the electroreceptor
voltage induced during head turns as the animal swims in
different directions. In essence, a comparison of vestibular and
electrosensory inputs could be used to determine compass
heading (Fig. 4). More laboratory and field behavior
experiments are required to show that elasmobranchs can
navigate using imposed electric fields, and self-induced
motional fields, and further to reveal the explicit mechanisms
involved.
Potential noise problems
Elasmobranchs generate their own bioelectric fields as a
necessary consequence of maintaining an internal ionic
environment that differs from that of sea water (Bodznick et
al., 1992). These self-generated fields are modulated by
ventilatory movement probably due to variable shunting of an
internal/external standing d.c. potential across the gills during
opening and closing of the mouth and the spiracle. Both the
d.c. and the alternating current (a.c.) components of these selfgenerated fields have the potential to interfere with the

1352 J. C. MONTGOMERY AND D. BODZNICK
A

B

Fig. 4. Surface/contour plots of sensory afferent modulations due to
head movements during swimming (taken from Paulin, 1995, with
permission). (A) The height of the surface at distance d from the center
of the plot in direction θ represents the motion-induced receptor
voltage at time t when the fish is swimming with heading θ. (B) The
corresponding point on this plot represents the rotational velocity of
the head at the same time. (C) Swimming trajectory, N, north; H,
vector in heading direction; v, velocity vector at time t; θ, heading.

detection of biologically important extrinsic signals.
Experiments on freely ventilating animals show that
electroreceptor afferents do respond very strongly during
normal ventilatory movements, sometimes being driven over
their entire dynamic range. Interestingly, because ventilatory
potentials occur between the inside and the outside of the body,
they are in effect common-mode over all electroreceptors
(Montgomery, 1984b; Bodznick et al., 1992).
In addition to self-generated electric fields, elasmobranch

Fig. 5. A comparison of the distribution of electrosensory canals and
pore openings on the dorsal surface of (A) the ray Dasyatis akajei and
(B) the skate Raja chinensis (taken from Chu and Meng, 1979, with
permission). Thin lines represent mechanosensory lateral line canals,
dots represent the opening of the electrosensory canals of the ampullae
of Lorenzini. Note that mechanosensory neuromasts are found in the
main continuous canals rather than the tubules that connect these
canals to the surface. Hence, both the electro- and mechanoreceptors
extend out onto the fin tips on the skate, but not on the ray.

ampullary receptors respond to thermal, mechanical and
chemical stimuli. Indeed, in the early days of
electrophysiological investigation, these receptors were
variously considered as thermo-, mechano- and chemoreceptors
(Bullock and Szabo, 1986). Considering the normal physical
environment of elasmobranchs, it is unlikely that temperature
or chemo/salinity changes are a very important source of
receptor stimulation. Moreover, they are likely to be
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symmetrical across the whole population of receptors and,
hence, common-mode. Mechanical sensitivity, however, could
create significant problems. Movement of particular body parts,
such as the pectoral fins of batoid elasmobranchs, could produce
significant modulation of afferent activity. These responses
would be due not only to the direct mechanical sensitivity of
the receptors but also to movements of the receptor pores within
the self-generated electrical field and by movements of the
ampullary canals within the earth’s magnetic field. It is likely
that movement-induced self-stimulation is complex and highly
dependent on the location of the particular receptor and on the
detail of the particular movement.
Noise-suppression mechanisms
Noise-suppression mechanisms can be recognized at a
number of different levels: behavior, receptor anatomy and
physiology, and at the early stages of sensory processing.
Perhaps the simplest noise-suppression mechanism is to
minimize the noise source. Electrical fields produced by
elasmobranchs are typically of lower amplitude than those
produced by bony fishes (Kalmijn, 1974). This is clearly related
to the osmoregulatory mechanisms employed by elasmobranchs,
which differ from those of teleosts, but whether the benefits of
a lower bioelectrical field are simply fortuitous or somehow
causally linked to osmoregulatory mechanisms is an unanswered
(unanswerable) question. Electrosensory noise generated by
movement can be minimized behaviorally and by receptor
anatomy. The sit-and-wait predatory strategy of the swell shark
Cephaloscyllium ventriosum (Tricas, 1982) is a good example
of undertaking electrosensory prey detection while minimizing
movement. Skates and electric rays also hold the body disc rigid
while hunting for prey. Forward movement is produced by

walking movements of modified pelvic fins called crura (Holst
and Bone, 1993). Rays lack crura and generate gentle forward
motion by movements of the tips of their pectoral fins. In these
species, the electrosensory pores do not extend all the way out
onto the lateral tips of the pectoral fin (Fig. 5).
Ampullary canals do have low-pass filter characteristics
(Waltman, 1966) but, for canal lengths of less than
approximately 10 cm, the filter properties of the receptor itself
largely determine the response characteristics of the ampullary
system. Receptor characteristics provide a broad-band detector
(Fig. 6) with a frequency response range (response above halfmaximal) of approximately 0.1–10 Hz. At the low-frequency
end, the a.c. coupling of the receptors protects the system from
saturation by internally generated standing d.c. potentials
(Bodznick et al., 1993). External d.c. fields can still be detected
as the animal moves into a spatially non-uniform field or as the
receptor configuration is moved within a uniform field. It is not
known whether the upper frequency limits of the ampullary
system prevent the detection of any potentially useful signals
or shield against any unwanted noise.
Behavioral strategies and peripheral receptor anatomy and
physiology can reduce external and self-generated noise, but
do not eliminate it. Some of the worst self-generated noise
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Fig. 6. Frequency response curves (double logarithmic scale) of
primary afferent electrosensory neurons in the round stingray
Urolophus halleri (䊏, data taken from Tricas et al., 1995) and the
thornback ray Platyrhinoides triserata (䉬, data from Montgomery,
1984a). Sinusoidal electric field stimuli were delivered at a range of
frequencies, and neural responses were recorded as the change in
firing rate of the unit in response to each stimulus. Neural responses
were normalised to a gain of 1. The responses of the two species are
quite similar, with relatively broad band-pass characteristics and a
peak response in the range 2–4 Hz.

50 impulses s-1

Fig. 7. Electrosensory primary afferent responses to ventilation in the
little skate Raja erinacea. The method of preparation of the animal is
given by Bodznick et al. (1992). Spike histograms show a uniform
substantial increase in firing rate during exhalation.
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Fig. 8. Histogram of the signal-to-noise ratios of primary afferent
neurons and ascending efferent neurons (AENs) in the little skate
Raja erinacea. The signal-to-noise ratio was determined by
comparing the amplitude of the response of the unit to a 2 µV dipole
stimulus positioned in the center of the receptive field (the signal)
with its response to ventilation (noise).

occupies the same bandwidth as the most important
electrosensory signals. As mentioned above, recording of
afferent activity in freely ventilating animals shows a very
strong modulation of activity in time with ventilation
(Fig. 7). As a general rule, it is usual to curarise animals as
an integral step in preparation for electrophysiological
experimentation, so it is likely that sensory reafference
generated by movement is a common phenomenon in a range
of sensory systems and circumstances. Movement-related
sensory reafference is likely to be a very general phenomenon

that is typically missed or underestimated in conventional
electrophysiological recording.
Ventilatory modulation of afferent activity is very similar in
afferents that innervate receptors in different ampullary clusters,
and in this sense is common-mode across the receptor field.
Ventilatory modulation and other forms of common-mode noise
could be reduced or eliminated by a common-mode suppression
mechanism (Montgomery, 1984b). Studies specifically designed
to test the common-mode hypothesis show that secondary
neurons of the electrosensory pathway have a greatly increased
signal-to-noise ratio (Fig. 8). These so-called ascending efferent
neurons (AENs) of the dorsal octavolateralis nucleus respond
very strongly to small localised dipole fields, but rarely show
much response to ventilation. If a common-mode mechanism
underlies this increase in signal-to-noise ratio, then it can be
predicted that artificial common-mode inputs would also be
cancelled, that AENs would have both excitatory and inhibitory
components to their receptive fields and that the appropriate
inhibitory network would exist in the dorsal octavolateralis
nucleus. Each of these predictions has been verified
experimentally (Bodznick et al., 1992; Bodznick and
Montgomery, 1992; Montgomery and Bodznick, 1993).
The experimentally determined receptive field structure of
AENs is interesting because it provides insight into the features
of the external electric fields that are extracted for further
processing. Receptive field structure has been determined for
relatively few neurons in only two species, so it is a far from

Fig. 9. Example of an ascending efferent neuron (AEN) with a discrete excitatory field (circle on the mid-dorsal surface of the fish) and a
diffuse inhibitory field. The top histogram shows its response to a 1 Hz, 5 µV stimulus presented through dipole 1 (d1) located in the excitatory
receptive field on the dorso-medial hyoid pore group. The middle histogram shows the suppressive effect of adding a 100 ms, 2 µV square-wave
pulse (bar below histograms) through dipole 2 (d2) located near the lateral fin edge. Simultaneous activation of additional dipoles on the caudal
and contralateral fin edges (d3 and d4) increases the degree of inhibition (lower histogram) (taken from Montgomery and Bodznick, 1993, with
permission).
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complete picture. However, the current picture is that AENs tend
to have either a single discrete excitatory field center with a
diffuse inhibitory surround or relatively closely situated discrete
excitatory and inhibitory centres (Fig. 9). The effect of this is
that the majority of AENs are sensitive to local dipole fields, but
relatively insensitive to uniform fields. That the majority of
AENs in these species seem suited to provide information on the
precise location of small dipoles is perhaps not surprising. What
remains to be seen is whether there are any central pathways in
these or other species that specialise in the detection and
processing of the navigationally relevant uniform fields.
Discussion
Sensitivity without selectivity is a recipe for ambiguity. It is
arguable that the extreme sensitivity of the elasmobranch
electrosensory system can only be usefully employed within a
system that optimizes the processing of behaviorally relevant
stimuli and suppresses potentially confounding noise.
Behavioral strategies, receptor anatomy and physiology and a
common-mode suppression mechanism all contribute to
improved signal-to-noise ratios at the level of the medullary
electrosensory nucleus. But are these contributions enough?
Modeling studies of the common-mode suppression mechanism
using physiologically realistic assumptions (Nelson and Paulin,
1995) show that unavoidable delays introduced into the
inhibitory pathway preclude perfect common-mode suppression
of even perfectly common-mode noise. In addition, a commonmode network will not successfully cancel asymmetric noise
inputs from receptor movement. The solution to these problems
is a more sophisticated central processing mechanism.
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Sodium depletion and aldosterone decrease dopamine transporter activity
in nucleus accumbens but not striatum
Roitman MF, Patterson TA, Sakai RR, Bernstein IL, Figlewicz DP.
Program in Neurobiology and Behavior, University of Washington, Seattle,
Washington 98195, USA. roitman@u.washington.edu
Motivated behaviors, including sodium (Na) appetite, are correlated with increased
dopamine (DA) transmission in the nucleus accumbens (NAc). DA transporter
(DAT) modulation affects DA transmission and may play a role in motivated
behaviors. In vivo Na depletion, which reliably induces Na appetite, was correlated
with robust decreases in DA uptake via the DAT in the rat NAc with rotating disk
electrode voltammetry [1,277 +/- 162 vs. 575 +/- 89 pmol. s-1. g-1; Vmax of
transport for control vs. Na-depleted tissue]. Plasma aldosterone (Aldo) levels
increase after in vivo Na depletion and contribute to Na appetite. Decreased DAT
activity in the NAc was observed after in vitro Aldo treatment (428 +/- 28 vs. 300
+/- 25 pmol. s-1. g-1). Neither treatment affected DAT activity in the striatum.
These results suggest that a direct action of Aldo is one possible mechanism by
which Na depletion induces a reduction in DAT activity in the NAc. Reduced DAT
activity may play a role in generating increased NAc DA transmission during Na
appetite, which may underlie the motivating properties of Na for the Na-depleted
rat.
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Synthesis, pharmacological evaluation and electrochemical studies of novel
6-nitro-3,4-methylenedioxyphenyl-N-acylhydrazone derivatives: Discovery
of LASSBio-881, a new ligand of cannabinoid receptors.
Duarte CD, Tributino JL, Lacerda DI, Martins MV, Alexandre-Moreira MS,
Dutra F, Bechara EJ, De-Paula FS, Goulart MO, Ferreira J, Calixto JB, Nunes
MP, Bertho AL, Miranda AL, Barreiro EJ, Fraga CA.
LASSBio--Laboratório de Avaliação e Síntese de Substâncias Bioativas, Faculdade
de Farmácia, Universidade Federal do Rio de Janeiro, PO Box 68006, 21944-971,
Rio de Janeiro, RJ, Brazil.
We describe herein the discovery of LASSBio-881 (3c) as a novel in vivo
antinociceptive, anti-inflammatory, and in vitro antiproliferative and antioxidant
compound, with a cannabinoid ligand profile. We observed that LASSBio-881 (3c)
was able to bind to CB1 receptors (71% at 100microM) and also to inhibit T-cell
proliferation (66% at 10microM) probably by binding to CB2 receptors, in a nonproapoptotic manner, different from anandamide (1). It was also demonstrated that
LASSBio-881 (3c) had an important antioxidant profile toward free radicals (DPPH
and hydroxyl), probably due to its particular redox behavior, which reflects the
presence of both nitro and 3,5-di-tert-butyl-4-hydroxyphenyl sub-units, as
demonstrated by cyclic voltammetry studies. In addition, we showed that these
structural sub-units are essential for the observed pharmacological activity.
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The influence of cetyltrimethyl ammonium bromide on electrochemical
properties of thyroxine reduction at carbon nanotubes modified electrode
Wang F, Fei J, Hu S.
Department of Chemistry, Wuhan University, Wuhan 430072, PR China.
The effect of cetyltrimethyl ammonium bromide (CTAB) on the electrochemical
behaviors of thyroxine at a glassy carbon electrode (GCE) modified with singlewalled carbon nanotubes (SWNTs) was investigated. At the SWNTs film-coated
GCE, a well-defined oxidation peak of thyroxine at 0.78 V was obtained, but the
reduction peak of thyroxine was indiscernible. When trace CTAB was added to the
working solution, the reduction current could be greatly enhanced and the oxidation
current remained stable. The reaction mechanisms for the reduction of thyroxine
were explored by chronocoulometry. Thyroxine might form particular ion complex
with CTAB via the interaction between iodine atoms on thyroxine and bromide ions
in CTAB, which made the concentration of thyroxine at the surface of the modified
electrode increased and the electron transfer rate enhanced. The proper mechanisms
for the enhanced reduction of thyroxine in the present of CTAB were explored by
several electrochemical techniques including cycle voltammetry linear sweep
voltammetry and others. It was concluded that the special interactions between the
thyroxine CTAB and SWNTs resulted in the increase of the reduction peak current.
All results indicated that two iodine atoms on the thyroxine and four electrons were
involved the reduction process which was irreversible and two iodine ions
produced. In this system, the sensitive reduction peak of thyroxine at 0.3 V was
employed to determine thyroxine and a low detection limit of 2x10(-8) mol/L was
obtained for 2 min accumulation at 0.9 V. The SWNTs coated GCE had good
stability and reproducibility.
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THE INTEGRAL DETAILS OF
THE BODY ELECTRIC
SIMPLIFIED FOR
SCIO THERAPISTS
By William Nelson, Professor of Medicine International
Medical University
Introduction: This Book is designed for the SCIO therapist to have a
simple introduction to the workings of the SCIO. Some basic questions and
a simple explanation of the electrical factors of the overall body electric as
measured and treated by the SCIO therapist. The electronics is simplified
but still is difficult for some. Stay with the logic take your questions to the
next seminar and relax as you go into the new world of energetic medicine.
Relax because the system is designed with several safeguards to make
sure there is insignificant risk for the patient.
There is extensive and comprehensive research on evry topic covered
in this book. There is not enough pages in a library to cover such detail.
This book is a summary of the basic factors of the body eclectic. Like a TV
manual that discusses the basics but does not share the vast details of
science behind each aspects.

Safety Criterions

1. There is no risk of electrocution or any thing like it if you use it on a
battery operated computer or have a medical surge protector on your
computer.
2, There is a opto-coupler in the system that converts the impulses to light
and thus protects the patient from a major surge of electricity, (such as a
lightning strike on the house current.
3. Do not apply the metal bits on the harness to the skin. The rubber straps
on limbs and rubber contacts on the head are made of a graphite
impregnated rubber so the rubber is highly electro-conductive.
4. The system operates at very low volts and amps. It takes 3 amps to
fatally hurt someone. An expensive deluxe car battery puts out 3 amps. A
cheap car battery 2 amps. But the SCIO system operates at a maximum of
10 milliamps(10 one thousandths of an amp, insignificant risk by medical
definition).
5. The system interfaces with the patient at the same volts and amps their
body operates during the session. Thus our idea is that if we interface with
the body at the natural level, we can best interface in a natural way. So most
people can not feel the interface because it is at a natural level. The other
systems you can feel are operating at unnatural levels and are out of our
philosophy. In our system of measures, The normal person has .7 to 1.5
volts and 1 milliamp to 5 milliamps. The system can be set to have a
higher level at 4 volts max, 10 milliamps max. this is always safe but can be
used to measure feeling thresholds and other techniques for advanced
therapists.
6. There is an alarm detection system if the patient reacts adversely in
multiple areas this is an alarm response. The system shuts it’s self down or
reduces output.
7. A trained therapist is necessary. We only sell to those with the training of
how to use it. A properly trained therapist should be there to help and
observe any problems. Emergency help is accessible.
8. Every patient is seen with a medical referral so that a medical doctor or
some licensed health care professional is in the loop with all patients.

The Dangers or Warnings are:
1. The electrical interface has a very high improbability (one in 30 billion) of
shutting off a pacemaker or other medical implanted regulatory medical
device. But because there is a chance we recommend not using the
electrical connection with such patients.
2. A mental patient such as a paranoid schizoid might be fearful of the
harness. If the patient has had the tremendous trauma of electroshock
applied to the brain, the memory of a harness coming at the head might be
too much to handle.
3. Vaso-vagal stimulation. The vagus nerve of the body is the largest nerve.
It comes out of the scull and regulates the balance of the autonomic
nervous system. This is the balance of the sympathetic ( action, stress,
fight flight, doing system) and the parasympathetic (digestive, immune,
passive relaxation system). Most of our patients are over active stress
sympathetic driven. When the SCIO system tries to balance the system
there can be a vaso-vagal reaction. A impulse in the vagus nerve can cause,
dizziness, vertigo, disorientation, sweating, or even extremes of twitching
and syncope (passing out). The therapist must be aware of the possibility
though rare and be prepared to act.

WHAT TO DO
First have the patient relax and sit down comfortably. Tell them to be
still not stiff. Keep an eye on them at least every 10 min. If there is fainting
the vagus nerve can be stabilized with
1. cold water on the face,
2. slight pressure to the eye lids,
3. the carotid sinus tap,
4. Calm regular semi deep breaths, control breathing to control anxiety.
This is important to learn and remember. Anxiety is a lack of control and
accelerated breathing. Controlling breath is essential in anxiety. The
alternate nostril breathing technique is one of the best ways to help balance
the brain, stabilize emotions, compose moods, control confusion and a
host of psych afflictions.

5. touch the spot just above the rectum. Acupuncture point REN 1
(governing vessel 1). Be careful with this point most people will not
understand using it. See picture 1 in appendix.
6. Emergency points in acupuncture. These points on the conception vessel
are excellent and can be used to revive a patient or to help stabilize them.
Apply pressure with your first finger knuckle to the point on the outside of
the upper lip and press hard enough to stimulate the point under the lip
above the teeth. If this does not revive the patient suspect drug overdose or
something extreme, call emergency services, 911 in the USA, or 999 in
Europe.

BASIC ELECTRICAL SCIENCE
The basic science of electricity comes from the ancient researchers who
sought to understand the body electric. People like Volta an Italian who the volt is
named after. Louis Ampere who gives us the name amperage. Galvani an Italian
who studied the reaction of a frogs legs to current. We get galvanic resistance
from him. Watt an Englishmen gave us the name for power, (volts time amps).
Ohm a German gave us a law of electricity and lends his name to
resistance. His law was not really a law but a strong correlate. Volts equals Amps
times Resistance. This is Ohm’s law.
Changes in the volts, amps, resistance were found to indicate reactance.
This is measured in Siemens after the German researcher who discovered the
concept.
As you can see there is only one real variable that can really be measured.
The only real factor to measure is the flow of a current. So volts or amps is the
only thing that can be truly measured. Every other measure is a mathematical
calculation or a virtual measure.
We can count the changes in time of volts or amps and thus we get
oscillations. Thus we can calculate frequency.
The essence is all about the charged particle. There are two basic types
positive versus negative. The most common is an electron which is small and
easily transferred. The wall current is a flow of negatively charged electrons. (All
electron are negatively charged by definition), electrons are attracted to protons
(positively charged particle) Like charges repel opposites attract. The flow is

stimulated towards a positive charge at the other end or to a ground which is also
an attractor of electrons.
Other charged particle might be ions (imbalanced atoms or molecules that
have negative or positive charges.) Very very few molecules an atoms are
balanced. Life is the flow of energy mostly electrical as it flows in a cycle for
metabolism and reproduction.
There are fields around these charges. The right hand rule of electricity
states that when a charged particle moves there is a magnetic field made at 90
degrees, and a static field at 90 degrees. This is the trivector or three
dimensionality of electricity. Every thing has a trivector field around it and thru it
that holds and comes from the components within.
The body operates electrically. Nerves conduct charges. Thought is
electrical at it’s base. The brain makes more wattage than a satellite. The heart is
a electrical engine. Muscles are magnets that make attraction and or repelling.
Digestion is an electrical process of a brush border stimulation of fiber for
electrical dragging of nutrient across the intestinal wall. The hot electrons of
glucose make the energy for the cell to use Krebs cycle for making ATP the basic
energy compound. The 18 hot electrons in one glucose make 18 ATP in aerobic
(oxygen presence) or 2 ATP in anaerobic (no oxygen). Oxygen in air coming into
our lungs is a free radicle or charged particle O2. The process of oxygenation is
electrically based.
Energetic interface with the body electric is a safe, inexpensive and
effective medicine. This is shown by the research on it.
But modern medicine has only concentrated on the chemical component
and has not fully researched to body electric. The further sin is the SINthetic
aspects. Our society has no found that we do not want the synthetic foods. They
are not compatible with us. The same is true for the medicines. But there is a lot
of money in this and thus the body electric is not discussed. In fact it is ignored.
The root of ignorance is in ignored. But let us not be ignorant let us continue to
explore the basics of the body electric.
Certain people used just skin resistance to measure the body electric. Like
the point probe devices and others. The skin resistance is flexible and thus is
easily controlled by the therapist if there is pressure of the therapist applied. The

point probe therapist applies faster pressure for a high reading and slower
pressure for a lower reading. Thus it was found that these resistance only devices
outputs were therapist controlled an thus unreliable. They flunked every double
blind test. The therapist needs to know what he is testing to get results. Same for
muscle testing, subtle changes in pressure of the therapist make the results. The
patient’s body electric is not assayed. The SCIO was designed to minimize any
operator control. This made me very unpopular with the vast majority of
alternative healers who depend on the control of muscle testing or point probe
variance. But a true energetic medicine needs to measure the patient’s body
electric objectively. As well as measure the ful aspects of the body electric. The
birth of the EPFX.
Bio-resonance started in Germany years ago. Biofeedback is also
bioresonance as the feedback of a signal in a cybernetic loop is feedback.
Biofeedback is bioresonance and bioresonance is biofeedback.

QUANTUM ELECTRO DYNAMICS
Science has developed and evolved dramatically over the last hundred
years or so. Newtonian physics and thermodynamics are now known to be
inadequate in describing biology. Quantum Electro Dynamics ( QED ) is known
to describe much more of life and science. The basis of QED is that the
interaction of photons and electrons explains biology.
A photon is a particle of light. Light is electro-magnetic-radiation
( EMR ). It is made of photons. The EMR spectrum contains infrared (heat),
visible light, ultraviolet, x-ray, etc, all photons. They oscillate at different speeds
that makes them difference. The faster they vibrate the higher the energy.
An electron is a negatively charged particle that orbits (or exists as a
probability cloud) in all atoms. There are free electrons that can make up what we
call electricity.
When a electron changes it’s quantic state or mode it emits a photon and
goes to a lower state. When a photon strikes an electron in the proper way the
electron goes to a higher state. Electrons and photons are tied together
intimately. As are all subatomic particles. Thus it is obvious that to understand
anything we must understand the photon. As God said in the beginning Let there

be Light.
To understand life and science we must learn to use the
electro-magnetic-static-photonic-gravity forces as they interplay. But modern
medicine does not deal with this. Modern medicine is still mired in old
thermodynamic science. This allows them to make a synthetic chemical in the
test tube (in vitro), but we live in our bodies (in vivo). Modern medicine is not so
modern is it.
The simple explanation of life on earth is that there was minerals on the
planet. Certain energies like heat, lightening, gravity combine the minerals and
molecules to make certain amino acids (building blocks of protein) and fatty acids
(carbon chains that make up all cellular membranes). At first these compounds
join to make bubbles. These bubbles are light sensitive. Light lets them find the
energy to make more. Remember that light Photons give the electrons a higher
state, more energy stored in the electron.
As life evolves and becomes more and more complex, the electro-magnetic
static photonic forces are the integral driving force. To understand life we need to
understand this electro-magnetic-static-photonic better.
The minerals of the Mineral Kingdom are food for the plant kingdom. The
bonds in the mineral kingdom are primarily ionic. This means that the outer
electrons are in low energy states. Ionic bonded atoms are drawn to each other
but do not share electrons. Mineral salt NaCl is ionic bonded. The bond is so
weak it disassociates in water (dissolves).
The plant uses photons of heat or light to give energy to the electrons and
they go to higher states. Then they can bond co-valently. This means that they
share an electron or more. A covalent bond is much stronger and does not easily
disassociate. These high energy bonds are the designed distinctly for the
purposes of nature. The secret of the QED placement of the high energy
electrons makes nature nature. The synthetic chemical companies can not
understand this QED electron state photon placement. This is why all synthetic
chemicals are incompatible for biology. This is true for our medicines as well as
our foods, but this unpopular truth makes one very unpopular with the chemical
cartel.
The master formula is an extreme over simplification of the complexity of

biology on planet earth. Carbon dioxide and water plus minerals are taken up by
the plant. The plant then uses light (photosynthesis) to add energy to the
electrons. The beast example is sugar or basic carbohydrates with the hot energy
state electrons. These hot electrons are used by the animal, us, to give us the
energy for life.
Our complete biology must also explain breatharians or people who do not eat for
years at a time. Modern biology does not accept this because of their ignorance
(ignore things). In the eastern medicine this happens all of the time. We can
explain it with more avant garde QED but that is outside of this simple first lesson.
So back to our bubbles. You see the process of life and evolution is all
about cycles. Being able to use energy and recycle it is the key of life on the
planet. More and more complex life forms develop. All using the QED
electro-magnetic-static-photonic gravity process to satisfy life. Life is metabolizing
and reproducing. Energy states are developed one at a time in quantic subatomic
steps.
Life has an undeniable QED electro-magnetic-static-photonic gravity base.
And as such it has fields. Subtle energy fields that assist and help direct life.

Subtle energy fields that draw towards our nutrition and life sustaining events and
repel us for toxins, waste, excretions and other risks to life. Subtle energy fields of
electro-magnet-static QED nature is an undeniable truth, no matter how much
money and influence the chemical companies have. They try to buy a cover up of
this inconvenient truth, they try to attack me but truth none the less will win.
This study of the QED electro-magnetic-static-photonic gravity (QED for
short) science of biology, gives us the impetus to prove the subtle field theories of
medicine. Even though many are based in incomplete logic and marketed by
charlatans, there is a truth worth pursuing.
Just as humans use our primary photon detectors to hunt, our white blood
cells do the same. They use photons to hunt. They as all things use photons. A
new medicine evolves.
This leads us to the science of Electro-Physiological-Reactivity (EPR). A
science base on scientific professional analysis of the body electric with all of it’s
factors. This book is just an overly simplified modest summary of just some of the
interactions of the SCIO. Thirty years of science, discovery, clinical testing,
double blinds, field testing, laboratory research, legality and safety testing all
coming together for the finest quality.

REACTIVITY and the XRROID
As we have said, changes in the volts, amps, resistance were found to
indicate reactance. This is measured in Siemens after the German researcher
who discovered the concept. The changes of volts plus changes of amps plus
changes in resistance equals reactance.
Delta Volts + Delta Amps + Delta Resistance = Reactivity
The Electro-Physiological Reactivity ( EPR ) is the rating of how much
reactance a patient has to a stimuli. The stimuli or input with the SCIO is the
trivector volt-ammetric signature pattern of a homeopathic. The EPR of a human
is based on the speed of the ionic exchange or just how fast the human can form
reactance to an external stimuli. This speed is known to science as approximately
one hundredth of a sec. Thus the scan of many Homeopathics can happen at
very fast speeds. This is known as the Xrroid. The scan of EPR of a patient to

many trivector signatures is the Xrroid. EPR Xrroid is the name of the device the
Electro-Physiological-Feedback-Xrroid. ( EPFX ).
Since this EPR can cascade and resonate, this bioresonance has
significance in biology. It can be used to correct and address certain issues of
health. This is the work started in bio-resonance in Germany years ago.

Biofeedback is also bioresonance as the feedback of a signal in a cybernetic loop
is feedback. Biofeedback is bioresonance and bioresonance is biofeedback.

TRIVECTOR VOLT-AMMETRIC SIGNATURE
The basic existence of all atoms and molecules as all of science knows has
a distinct field around it. This subtle field can be measured. The first form of
electrical chemical analysis was done over a hundred years ago in the science of
volt-ammetry also referred to as polography. Thousands of research articles and
a fully accepted science of the electro dynamic analysis of the has lurked in the
back waters of chemistry. But since so few chemical engineers have electrical
knowledge, it does not gain popularity.
There was even a journal on volt-ammetry published years ago. In the
journal there were some interesting articles. In animals they found that the
voltage of the body was connected to the catecholamines. These are our adrenal
hormones, necessary for flight fight and stress management.
The amperage was connected to the indolamines or brain hormones like
serotonin and melatonin. When they gave catecholamines there was an increase
in voltage. When there was a measured drop in catecholamines there was a drop
in voltage. When they gave indolamines there was an increase in amperage.
When there was a measured drop in indolamines there was a drop in amperage.
We have scientifically and clinically proved the same observation true in humans.
In 1983 I developed a trivector system of analyzing the volt-ammetric
signature of a compound. I developed a three dimensional system I refer to as
the trivector. I started purchasing compounds. Bacteria, fungus, viruses,
enzymes, hormones, minerals, etc and to date I have spent over one half a
million dollars on collecting and testing these items. All items in the SCIO test kit
have been tested in their reality. Other companies use much less scientific
systems. This is the reasons for the success of the SCIO system.
There have been over twenty five years of testing, perfecting, substantiate,
corroborating, authenticating, and validating the current system we call the QQC.
There have been over five articles published on the science. And over 25,000
systems using the trivector patterns have shown profound safety, and efficacy.
This research and history has been reviewed intimately and correctly

assayed by medical experts in Europe. There has been now an acceptance of
both the QQC device and the accuracy of the trivector volt-ammetric signatures.
To review this research and the legal registrations please inquire. There is a full
peer reviewed medical ISSN journal devoted to the review of the technology.
Simply put we can test the electrical field that binds and permeates a compound
and reproduce a signal to see how a patient reacts to it.
These items such as vitamins, homeopathics, enzymes, hormones,
sarcodes, allersode, nosodes, isodes and herbs have static trivector signatures.
The living being has a reactive or ever changing field. The patient has a reactive
field that is drawn towards nutrition and repelled from toxins. We measure the
reactions ( reactance EPR ) of the patient to ten thousand some homeopathic
compounds. This is the basis of the EPFX system as it was sold from 1989. Two
decades of development to get to today. An over night success.

DETAILS OF THE EPFX / SCIO
The EPFX (Electro-Physiological-Feedback Xrroid) was registered by the FDA in
1989. In review of the registration we can see that the below items constitute the
registration. The device is registered in over 15 countries around the world today.
The basic requirement was to measure the body electric safely.
1. Temperature
2. EMG which is a volt-amperage component that oscillates. So the device must
measure Volts / amps and oscillations. This requires a frequency counter.
3, EDR (Electro-Dermal Resistance) to measure the skin conductance and the
inverse component of resistance requires the input of a signal with a
volt-ammetric component. A safe micro to low milli amp current volt-ammetric
signature is stimuli to the body. All to UL-534 medical safety standards. This
requires a frequency generator. The frequency inputs then guide the next
frequency outputs to provide a cybernetic loop to auto-focus a perfectly sculpted
energetic impulse.
4. Make virtual calculations of the data. To calculate mathematical virtual
calculations of the volt ammetric resistance

5. As in the systems we declared equivalence to in the 510k (Davicon, etc), we
also reserved the right to use a stressor questionnaire. The stress questionnaire
starts with a behavioral medicine inventory of behaviors that can Suppress of
Obstruct the Curative natural process . This is the SOC index. Other stress
inventories help the therapist to help the patient discover themselves.
6. The references, equivalent devices, etc all point to the prescribed use. Stress
Reduction by interaction with the body electric..
Thus the system was designed to apply a volt-ammetric signature and
measure the volts, amps, resistance and oscillations. Changes in the signals can
allow calculation of other virtual channels.
Delta Amps plus Delta Volts plus Delta resistance gives us the reactance or
it’s inverse susceptance. Amps times volts gives us the power or watts vector
component. Capacitance, inductance and many other electrical variables fall out
the simple calculation of volts, amps, resistance, oscillation and power vector.
The feedback loop of stimuli-reaction makes a cybernetic loop interacting with the
patient.
The system was labeled as a biofeedback device. The 1989 definition of
biofeedback is “measuring a electro-physiological component of the body and
feeding it back to the body”. There was no conscious process in the definition.
Safely measuring the body electric and feeding back signals to re-measure. This
is the basic original registration design.
The use and sale of the system was restricted to professional biofeedback
therapist only. Not for OTC sale.
The suggested use was for patient’s with stress. The Xrroid is the process
of rapid measures of volt -ammetric reaction to volt-ammetric vector signals.
The system has been compliant with all safety standards and quality
control systems ever since 1989. The software was ratified and perused by an
FDA inspector Kristen in 1991. She advised that the stressor questionnaire was a
library function. The system is legally registered in over 15 countries today. A
safe effective drugless therapy.
A disclaimer was attached. A waiver designed for use with all patients and
a medical referral designed and implemented since 1989.

This is the basic system. Since the system was registered to measure the
body electric and it’s reactions to volt-ammetric signatures, it was deemed safe
and within the original registration to allow more measures. The system now
safely measures 220 channels of subtle electrical measures. The basic design
has only been expanded all within the original concept of safely measuring the
body electric and feeding back signals to re-measure. This is still the intent of use
and progressive design.
According to the FDA flow sheet on new admissions our device
progressions have never been extreme enough for a new admission.
Then we started to sell in 1989. And over the years over 25,000 devices
have been sold world wide. Multi millions of patient visits. With no evidence of
any risk. Only one reported hurt of a slight urticaria from the device being
misused by a therapist who was poorly trained.
And something quite astounding happens. There are over 200 articles
written on the medical benefits and thousands of testimonials. The effect of the
cybernetic loop is astounding. It appears that the immune system, cellular
regeneration, detox, and a host of other health systems are strengthened via the
EPFX therapy. The subtle auto-focused stimulation of the body electric has great
effects on the health.
There is hospital data, doctor studies, therapist studies, and a host of
testimonials. There is so much it is difficult to shield the American public from it.
In Europe the system is registered for electro acupuncture, injury repair, cellular
regeneration, immune stimulation, allergy testing, homeopathic testing among
others. In America the system is designed for professional use on any patient
with stress.

The system can measure and repair the basic body electric
health parameters of Volts, Amps, Resistance, Hydration index,
Oxidation index, Proton and Electron Pressure, Reactive Speed and
Resonant Frequency. And more.

SCIO CHANNELS OF INFORMATION
Many have asked what is measured by the SCIO medical device. This
incredible advancement in medicine measures subtle electrical factors of the

body. The history of alternative medicine has been dominated by old style
resistance measuring devices. These antique devices depended on the operator
to apply the probe to the acupuncture point. By subtle changing the speed of
probe delivery (not the pressure), the operator could influence the outcome. This
prevented true results. The other complication was the limits of just resistance
testing. The body is much more complicated than just resistance. The electrical
factors of the body include voltage, amperage, capacitance, inductance,
frequency, and many others.
---Now don’t be afraid. For over fifteen years I’ve been lecturing to audiences of
alternative medicine, and here is where all of a sudden the apprehension and fear
start. The mention of voltage, amperage etc seem to trigger fear and dread. For
all of a sudden the world of electroacupuncture which before was secure and safe
is now dramatically incomplete. Most of these doctors in America and Germany
have spent a life time mentally invested into one channel resistance measures
of energetic medicine. Now they are faced with the discovery that a new
technology has so surpassed their familiarity, that at first it is intimidating. Small
minds see
new technology as a threat where great spirits see new
technology as an opportunity.
So the SCIO represents a new technology. This article is a very very brief
summary of this technology. Small minds will probably quit reading by now. Let
me caution you, if you read further your life as a doctor will change and
your mind might have to expand.--The basics of bio-electrical medicine lies in the voltage, amperage, and
resistance. The only thing that can truly be measured in electricity is the voltage
and amperage. Everything else is a mathematical variation of voltage and
amperage. So the SCIO device starts by measuring multiple channels of this
information. Multiple channels are needed so that we can see variations in the
electrical potential and flow of the body total. So we measure the extremities and
the head. This direct measurement is of four channels of voltage, four of
amperage, and four of resistance. These come into the computer for amplification
and the computer acts as a frequency counter for receiving this data. This makes

an active twelve channel measuring device.
Other calculations are made mathematically. Resistance can not be
measured directly. It must be calculated from an amperage or voltage meter.
Same as that any capacitance meter can not directly measure capacitance it
must do a mathematical adjustment of voltage and amperage flow. These
calculations are referred to as virtual or mathematical measures. So even the one
channel resistance devices of the antique electroacupuncture devices such as
listen (best), voll, phasix, bicom, mora and a host of others are virtual measures.
The SCIO device measures over forty virtual dimensions. The variations of
amperage and voltage flow give us a way to measure capacitance and
inductance. These are the reflections of static and magnetic effects of
bio-electricity. Variations in amperage and voltage allow us to measure
frequency. You can not measure a frequency with a resistance meter. So
frequency was left out of the one channel resistance systems of old.
Changes in the voltage, amperage, and resistance together make up the
reactance and susceptance of the electrical system. This is the most important
measure of medication testing. Resistance alone is helpful but when coupled with
voltage and amperage the medication testing is greatly improved. True complete
electrical reactance is the best measure of biological reactance. But multiple
channels are needed to measure total reactivity.
So what is measured by the SCIO, well here are the categories measured:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Voltage lower left quad
Voltage lower right quad
Voltage upper left quad
Voltage upper right quad
Resistance lower left quad
Resistance lower right quad
Resistance upper left quad
Resistance upper right quad
Amperage head pole 1
Amperage head pole 2
Amperage head pole 3

12.
13.
14.
15.
16.

Amperage head pole 4
Amperage head pole 5
Amperage head pole 6
Amperage head pole 7
Amperage head pole 8
17. Frequency 1
Lower left quad
18.
Frequency 2
Lower right quad
19.
Frequency 3
Upper right quad
20.
Frequency 4
Upper left quad
21.
Frequency 5
22.
Frequency 6
23.
Frequency 7
24.
Frequency 8
25.
Reactance 1
Changes in volts, amps, Kohms
26.
Reactance 2
“
”
27.
Reactance 3
“
”
28.
Reactance 4
“
”
29.
Reactance 5
“
”
30.
Reactance 6
“
”
31.
Reactance 7
“
”
32.
Reactance 8
“
”
33.
Susceptance 1
Inverse of total reactance
34.
Susceptance 2
“
”
35.
Susceptance 3
“
”
36.
Susceptance 4
“
”
37.
Capacitance 1
Changes in amps
38.
Capacitance 2
“
39.
Capacitance 3
“
40.
Capacitance 4
“
41.
Capacitance 5
“
42.
Capacitance 6
“
43.
Capacitance 7
“
44.
Capacitance 8
“

45.
Inductance 1
Changes in voltage
46.
Inductance 2
“
47.
Inductance 3
“
48.
Inductance 4
“
49
Inductance 5
“
50.
Inductance 6
“
51.
Inductance 7
“
52.
Inductance 8
“
53.
Hydration
changes in capacitance over a two second span
54.
Oxidation changes in amperage during a breath cycle
55.
Proton pressure the inverse logarithim of the amount of protons
versuses electron
56.
Electron pressure the inverse logarithim of the amount of electrons
versuses protons
57.
Power vector the product of amps times volts in milliwatts
This group of 57 is measured and or calculated with 4 diferent quadrants or 228 channels of
information every millisecond.

From these calculations several other ramifications can be surmised. The
bioresonance of the system can be measured. The reaction of the body to
nosodes, isodes, allersodes, sarcodes, classic homeopathics, herbals, minerals,
amino acids, enzymes, hormones, bacteria, fungus, parasites, nerves, vertrabrae,
muscles, and thousands of other compounds. The resonance of the system is
measured by determining the provoked reactive potential or reaction of the body
to these compounds.
Provoked Reactive potential is the electrical reaction of a patient to a
stimulus. By analyzing the patients provoked reactive potential or change in the
above 52 measures we can see the patterns of the energetic body of the patient.
The speed of this reaction is rather quick. The body electric is drawn
towards nutrition and repelled from toxins. This is discussed in detail in the
Promorpheus.

Since this EPR can cascade and resonate, this bioresonance has significance in
biology. It can be used to correct and address certain issues of health. This is the
work started in bio-resonance in Germany years ago. Biofeedback is also
bioresonance as the feedback of a signal in a cybernetic loop is feedback.
Biofeedback is bioresonance and bioresonance is biofeedback.

REACTIVITY VERSUS RESONANCE
This section is designed to make the process of the SCIO device even
more clear. The measurement of Electro Physiological Reactivity (EPR) is clearly
documented in energetic medicine. The vast amount of devices use skin
impedance or resistance measuring devices. These devices also mostly all use
point probes that depend on the therapist to apply to the skin. The application of
the point probe is subject to idiomotor or subtle muscle control. This allows the
intervention of therapist control of the result. The same idiomotor control that
makes the ouigi board appear to work, can effect the control of the energetic
medical devices. If the point probe is applied slowly the reading will be lower than
if the probe is applied quickly. It is the speed of delivery of the probe that controls
the result more than the end all pressure. Is all of the use of this field of energetic
medicine complete bunk? Even though there is a measure of operator
interference, the system was measuring something.
Now the body’s reaction or EPR is made up of changes of voltage,
amperage and resistance. The perfect measure of EPR then is to measure the
changes in the trivector of Amperage, Voltage and Resistance.
The next difficulty with the antiquated point probe devices was the limitation
of the time of the test. The body reaction to items is triggered by an ionic
exchange. This is the basis of reaction as electron transport or ionic exchange
dictates the reaction. The speed of ionic exchange in the body is approximately
1/100 of a second. The point probes were not able to measure at this speed. The
computerized SCIO device is designed to measure the total reaction at biological
speeds. But what were the old style point probe systems measuring? They were
measuring left over resonance of the initial reaction.
Reactivity = Delta Volts + Delta Amps + Delta Resistance

The reaction dictates that there is a change in the Volts, Amps and
Resistance variables. If there is a constant current and a change in resistance,
means that there is no added energy. Volts will change. And the ohms law
correlate V=A*R is still applied.
There was even a journal on volt-ammetry published years ago. In the
journal there were some interesting articles. In animals they found that the
voltage of the body was connected to the catecholamines. These are our adrenal
hormones, necessary for flight fight and stress management.
The amperage was connected to the indolamines or brain hormones like
serotonin and melatonin. When they gave catecholamines there was an increase
in voltage. When there was a measured drop in catecholamines there was a drop
in voltage. When they gave indolamines there was an increase in amperage.
When there was a measured drop in indolamines there was a drop in amperage.
Indolamines are increased with love and bonding. We have scientifically and
clinically proved the same observation true in humans.
We have seen that the voltage thus is a factor in willpower. And the
amperage a factor in life force. How does the little 100 lb. Mother lift a car to save
her child. Since volts times amps is power, you can increase power through
anger or fear. But you can get more power from love. The mother saves her child,
she does not lift the car to throw at her ex-husband.
As patient start to die from chronic disease their life force or amperage slips
away. We could observe this in our patient load. They could be prolonged with
some indolamine therapy.
So we can see that certain events and reactions prompt amperage
changes. In the figures on reactivity the first spike of reaction is just a variable of
resistance change and thus no amperage change. If the resistance does not
rebound but sustains, then there is a voltage resonance sustaining the reactivity.
This is indicative of a positive resonance reaction.
When there is an amperage change that then sustains the resonance, this
indicates a more negative response as the organism is prompted to move away
from a potentially harmful stimuli. This happens with allergy or sensitivities. So
the nature of the V A R reaction and it’s resonance or not is of great importance.
After the body has it’s initial reaction,(one hundredths of a sec) the body

will still continue to react to the item for a variety of reasons in a variety of
patterns. See diagrams 1-7. In these pictures we see the ways a person could
react.
When we perform the Xrroid we are only measuring the initial reaction and
thus we can catalog the priority of the initial reaction. To measure the residual
resonance would take over one second per item and thus the Xrroid test would
take over 6 hours. After the Xrroid test is done, we can use the individual test
button to measure any of the single items in the matrix. This test will take about 2
seconds. This will bring up a yellow panel that will display the initial reaction or
Reactivity, the Allergic reactivity, and the residual Resonance. The Resonance
determines the extent of which a person needs the item in question. The
antiquated point probe systems measured only the residual resonance. Where
the QXCI device measures both with no operator interference.
With this in mind I hope that this will help you in using the QXCI system.
The following diagrams should help in further understanding this process.
The Coherence measurement is the percentage of how close the signal
returns to the signal that is sent. This increases if there is a harmonic reaction of
the patient. So any number above 75 indicates a positive reaction.
The Fourier number is the mathematical relationship number of the
resulting 7 part harmonic dissection. This is a complicated mathematical concept
which does not seem to have any meaning yet.

The Xrroid Effect
The word Xrroid is defined as the testing of a patient Electro Physiological
Reactivity to thousands of substances at biological speeds. Biological speeds are
defined as those approaching the ionic exchange speed of a persons’ electrical
reaction to the items in their immediate environment. This is a speed of
approximately 1/100 of a second. The Xrroid is the process of measuring a
patients’ reaction to such items as vitamins, homeopathics, enzymes, hormones,
allersodes, isodes, nosodes, etc.
The Xrroid is the invention of Dr. Nelson and was first used in 1985 in the
EPFX device of Eclosion. This was registered with the FDA of America in 1989.
The process has been greatly advanced technologically in the QXCI device. The
Xrroid has been used on millions of patients around the world for over a decade.

The process has been clinically tested with results being published in
medical journals and articles being presented in several world wide medical
conferences. The users of the systems have sent in thousands of testimonials
and reports of dramatic success come in daily. The users use the device as
directed, which means seeing a patient once a week at best.

For over a decade occasionally someone with an overly suspicious mind
will try to use the device not as directed but on someone repeatedly in the same
day. They will check some over and over in the same day. They will report back
to us with dismay as that even though the first results are always accurate the
second or third results seem to not be. Often these reports come from persons
who cling to older technology or have ulterior motives. So often the reports have
not been checked. But recently when the Chinese distributor had a similar
comment the Chinese representative had an observation. Could it be that the
Xrroid test might produce some effect on the EPR of the patient?
The tickle of testing a person to thousands of items at fast speeds seems to
promote a increase in the wellness of the EPR field that promotes a change or
destabilization in the EPR field of the patient. This will lead to inaccurate Xrroid
results for a period of up to 48 hours. So for this time the therapies can be done
successfully but the Xrroid will be less accurate.
Patients will have hyper-reactivity states after testing. Some patients report
heightened sense of taste, smell, coordination, flexibility, and even ESP. Some
are not aware of the difference and their other family members report noticing the
change. During this period the Xrroid retesting will often be inaccurate. But
therapies can be used during this time. The recovery time appears to vary
depending on the patient condition. The recovery time can be from 24 hours
minimum to 100 hour maximum.
Our tests have shown that the Xrroid itself has healing effects as patients
have improved trivector patterns. Athletes consistently report heightened reflexes,
improved coordination, and faster motor skills. After one Xrroid test there are
several improvements in clarity of thought process, eye hand coordination, etc.
But after two or more Xrroid test a state of hyperactivity can ensue for hours or
days. Please keep the Xrroid tests to a minimum. This change in EPR shows just
how effective the Xrroid is. I hope this will help the skeptics in properly charting
out the challenge of the QXCI. The next diagram notes the variance in the graph
after a person was tested by the Xrroid.
So please use the SCIO as directed.
When you see the following this will help you to understand the results.

RESONANCE
COHERENCE
REACTANCE
RECTIFIED
ALLERGIC

If the patient sustains an initial reaction and needs the item.
Indicates a harmonic attraction for an item.
How the patient reacts in a short immediate reaction.
Indicates that an energetic disturbance has been repaired.
Indicates an allergic reaction to the item.

OTHER SUPPORT SOFTWARE IN THE SCIO SYSTEM
The SCIO system is designed to be of help for all natural medicine health
care professionals. There is many support software used in the system.
1. Auscaltcardiogram, a system that only listens and amplifies the human
heartbeat is a separate device. No energy is added to the system to risk ear
development. The software can analyze the heart beat of a person or even filter
out the heartbeat of a baby while being carried by the mother. Over 30 different
mathematical algorithms can be used to analyze nutrition, risks, and compatibility.
2. Electro-acupuncture is done by sending into the patient the healthy energy
band profile of an acupuncture point and seeing if there is resonance to it. Thus
the system can input energy when needed or ground excess energy. Everything
a basic acupuncturists does is in the system.
3. Dark field microscope is used to analyze the blood for many reasons and the
software can help in analysis.
4. Virtual design imagery used to help the patient deepen suggestive and healing
trance states.
The goal is to provide a total Holistic Health Care System for use in the
field by any doctor interested in natural medicine.

ELECTRICAL RECTIFICATION OF ABERANT
BIORESONANCE PATTERNS

As you now probably administered the SCIO device on a patient, you
have seen several rectified percentages in the therapy sections.
Rectify means to correct, remedy, smooth over, straighten out, make
right or in this case make healthy. There are a vast amount of electrical
energies in the human body. Many of these signals are congruous to health
and are harmonious. These are concordant signals of the body and act as
stabilizers for health functions. This is an ease of life energetic flow. When a
disease causative factor enters the body it is often a disharmonious energy or
causes disharmonious energy. Disharmonious energy accompanies all
disease. This allows us an early warning signal for disease and an easy
situation to rectify or cure. The earlier we detect and correct these aberrant
deviant disharmonious the more disease can be thwarted before it gets
progressive.
Allopathy does not correct these signals and often times allopathy treats
a symptom while an disharmonious energy progresses.
RECTIFICATION
1. The rectification process seeks to first measure the disharmonious
signals, the aberrant signals, and the deviant combinations. These are the
unhealthy energy forms. Often they are healthy by themselves but in
incongruous combination they are contaminating and morbid. Thus the simple
old style Mora and Bicom (that is unable to detect these combinations) can not
correct them. Just as two notes can be beautiful but together they are
discordant.
The SCIO can simply rectify these aberrations. One note played with a
matching octave can be consonant and sound beautiful. A slight shift of the
second note and the sound is dissonant and sounds discordant, harsh and
grating. This dysfunction in the electrical symphony of our bodies will produce
disease.

2. The SCIO rectification process now will develop an inverse repair
wave to correct the aberrations. This entails a smoothing out of discordant
wave forms while intensifying harmonious waves.
The result is a more balanced, symphonic, symmetrical, and harmonious
set of energetic energies in the body. This will do the following
A. Activate the innate intelligence to balance the body energies, This is

the basic principle of chiropractic, acupuncture, and osteopathy.
B. There is an easier exchange of energy and information from right
brain to left brain via the corpus callosum. The corpus callosum is the largest
energy form in the body and the rectification process has profound effects on
stabilizing it, so it dramatically reduces switching phenomena.
C. The SCIO thereby increase the ability of the conscious to interface
with the unconscious. This allows greater knowledge of self and of the higher
self. The basic principle of biofeedback. Biofeedback is also bioresonance as
the feedback of a signal in a cybernetic loop is feedback. Biofeedback is
bioresonance and bioresonance is biofeedback.
D. There is a greater memory access, a more true access of memory
without emotional clouding.
E. There is a greater flexibility of connective tissue, allowing for more
resilience.
F. There is a greater oxygenation and hydration ability of the body.
G. There is a smoother muscle control factor.
H. There is a general increase in well being that the conscious mind is
so often unable to perceive. And thus there are thousands of subtle
improvements to be found.
I. Aberrant reaction patterns can be corrected in a cybernetic loop of
feedback. Input stimuli, reactive output, adaptive calculation, Input stimuli,
reactive output, adaptive calculation, Input stimuli, reactive output, adaptive
calculation, Input stimuli, reactive output, adaptive calculation, well you get
the message the loop continues till a correct reactive pattern is established.
At the close of the interview we have placed this warning if your patient
is not rectified to some measurable degree. Please use the rectification button
to proceed.
Ask your patient to feel what positive changes are felt. Not if any are felt
but what positive changes are felt. This will start the conscious into a path of
internal awareness to discover the higher self and the health inside them.
TYPES OF ENERGY

I.

Electro-static-- friction standing

II.

Electrolytic-- chemical ionic

III.

Electromagnetic induction
Magnetic fields

IV.

Electromagnetic-- light, heat (infrared),
radio, etc.

V.

Heat conductivity-- convection

VI.

Pressure-- piezo-electric-- sound

VII.

Viscosity (momentum)

VIII. Nelson effect-- interdimensional transfer through indeterminacy
effect, Subspace, consciousness field of the universe
Acoustical activity can be produced in linear systems. Destructive
waves and also constructive waves can move through materials such as the
human body. The purpose of our discussion here is to outline how sound and
other wave frequencies can be utilized in the healing profession.
The speed of sound at sea level is roughly 1,100 feet per second. The
speed of sound inside the human body is a little different. The velocity of
sound is not appreciably changed by changes in pressure. We can justify this
experimentally by comparing the transmission of the longitudinal waves of
sound in air. Few transverse waves are transmitted in the rope. We should
increase the speed with the compression or rarefaction, transmitted from one
location in the gas to another location immediately adjacent, in the same way
that increased tension speeds up the transmission of a transverse wave from
one point in the rope to the next. Between the tension of the rope and the

pressure of the gas is a great difference. Increased tension does not change
the linear density of the rope enough to be of concern.
Air and other gases, however, are easily compressible. The increase of
the pressure acts on the gas, reducing the volume; and therefore increases its
density in direct proportion to the increase in pressure. Increasing pressure
tends to speed sound velocity by increasing the springiness of the gas.
Making the gas more dense increases the inertia of the gas enough to
completely nullify the gain. Change in pressure usually has very little effect on
the speed of sound. Temperature, however, tends to make the gas expand.
If the gas is heated, it must expand and become less dense without changing
the pressure. If the gas is confined so that it cannot expand, it will increase
pressure while the density remains the same. We will now see that sound
travels faster in warm gases or liquids than in cool. Sound will also travel
more rapidly in hydrogen than in air, and slower in carbon dioxide.
The human ear can hear frequencies between 20 Hz and 20,000 Hz.
The higher frequency limit is reduced. Humans only hear frequencies up to
10,000 Hz. Dogs and other animals can hear appreciably higher frequencies.
Sound intensity is often measured in decibels. If we have a perfectly quiet
surrounding, the faintest sound you can hear represents a very small amount
of energy. If you hold up a finger inside a room with an audible sound, a
fingernail measuring about 1 square cm. will be struck by sound waves
representing an energy of about 10-16 joules per second. The human ear is
sensitive to movement of one-half the radius of a helium atom.
The definition of decibels came from Alexander Graham Bell, with deca
meaning the factor of 10 that was needed to represent the logarithmic
description of sound intensity.
As we can see, the human being is very sensitive to vibrations of sound,
as well as movement. Many vibrational massage techniques have been
developed which utilize rhythmic vibrations made by the hand or machines to
produce not only relaxing effects but also health-benefitting effects. The entire
study of massage can be viewed as a form of vibrational medicine.
Ultrasound techniques also must be looked upon as vibrational medicine.
Many have speculated the possibility of derogatory effects from ultrasound

techniques. This cannot be ruled out. Our development of vibrational
science as it applies to biology and medicine will allow us to understand some
of these areas more explicitly.
Sound also has its firm place in medicine. Songs are capable of
producing different moods, and notes are capable of producing different effects
as well. The science of sound in medicine is an ever-expanding one. One
medical doctor has prescribed symphonies and classical pieces for a wide
variety of mental states.
He uses these treatments for melancholia,
depression, schizophrenia, anxiety, stress, and a variety of other mental
disorders.
Jean-Baptiste Joseph Fourier (1768-1830) was the one who
recognized that periodic functions could be considered as the sums of various
sine functions. Harmonic analysis is the basis of Fourier optics.
Fourier optics allows us to describe light waves based on harmonic
analyses, using Fourier transforms and linear systems. A Fourier transform
can be thought of as a curve fit, where we try to find out which curves go
together to comprise complex waveforms. Fourier analysis allows us to take
apart these complex waves, and look at their sinusoidal components.
This is very useful in many electronics settings, including communication
systems, and it is proposed that there is a very good likelihood that these
systems of Fourier analysis can be used in biology by living cells to
communicate with each other and share information.
Let us now describe some basic ideas of Fourier transforms, and how
they have been developed into certain biological medical devices for organism
analysis.
The expansion of an arbitrary function of time is the basis of harmonic
analysis.
If we superimpose a harmonic function of time of various
frequencies onto the cell of an integral, we can find the harmonic components
that make up a wave. Harmonic functions have frequencies and complex
amplitude; thus they go together in summation/additive ways, and also in
negation and interference patterns to comprise complex waves. Thus each of
these functions adds to the complexity of our understanding the time series.

We must know spatial frequencies to develop our Fourier analysis. We
can put these into two-dimensional building blocks as a theory for our
understanding. Our wavevector components in x, y and z will be labeled k for
our discussion, and A is the complex constant. At points in the arbitrary plane
U(x,y,z) is a spatial harmonic function. In the z = 0 plane, for example,
U(x,y,0) is a harmonic function, where f(x,y) = A exp[-j2 ( xx + yy)], where
and y = ky/2 . These are the spatial frequencies, and kx and ky
x = kx/2
are the spatial angular frequencies in radians per mm. The one-to-one
correspondence between the plane U(x,y,z) and the spatial harmonic function
f(x,y) = U(x,y,0). This provides a spatial frequency and does not exceed the
inverse wavelength of the proposition.
Now we can analyze the
two-dimensional x-y axes and their function, to understand the harmonic
abilities.
It should be pointed out here that Fourier's technique was not a version
of reductionism. In the Fourier analysis we are not trying to reduce a complex
system to an approximation; we are trying to discover the curve fits and the
actual waves that go into the composition of the other waves. We realize that
we are statistically unable to be exact in graphing and sorting out the various
waves.
But we are not looking for reductionistic techniques; we are looking for
comprising techniques of how two different forms of a wave can get together to
make a complexity. By understanding how these building blocks go into
building complex analyses, we can then understand the various wavelengths,
functions and vibrations of system, and how they interact. This is not to be
seen as reductionism, where we try to approximate a situation. If we try to
reduce a patient to a simple term of blood pressure, this is an approximation
that is not comprised of all the various waves. If we were to use such a
system in medicine as a Fourier analysis, we would break the patient's analysis
down into blood pressure, serum levels of over a thousand variables,
respiration rates, brain waves, etc. In other words, we would try to calculate
the vast quantity of waves and vibrations that go into making up the patient,
and in so doing we would not be doing reductionism; we would be doing
complex analyses.

I.
Electrostatic energy induced throughout the body by friction from
the flow of blood, from the movement of muscles and tendons by the
proprioceptive receptors and kinesthetic receptors for muscle tone and
interoceptors for taste, smell, hunger, thirst, respiratory, circulatory, abdominal
sensations, visceral pain, etc.; external friction being felt by exteroceptors of
contact, etc.
II.
Electrolytic induction from chemical changes and chemical
reactions activate conduction in somatic exteroceptors for temperature, pain,
chemical sensibility, pH balance, and visceral interoceptors for hunger, thirst,
etc., pressure receptors, taste buds, temperature receptors, pain and tactile
receptors for the sense of touch, etc. It has been estimated (Page 700 of
Anatomy and Physics by Kimber, Stackpole and Leave, 13th Edition, 1958,
Publ. by: The MacMillan Co.) that there are four million points for pain,
500,000 for pressure, 150,000 for cold, and 16,000 for warmth in the human
body. The chemical changes themselves release electron energy into the
system as is commonly taught in high school chemistry to move electrons into
conduction bands.
III.
Electromagnetic induction is seen by alteration of magnetic fields moving
within the body when the nerves are moved from one position to another and
where the body is constantly bombarded by electron waves from radio
transmissions, house wiring, and other induction fields. Magnetic effects are
represented by memories in the brain.
IV.
Electromagnetic energy from light waves is received in the retina of the
eyeball and transduced directly as electron energy through the optic nerves
into the transformers wound in the brain, which cross and set up interference
bands of refraction for resonance bands; conduction of electrons may then
proceed for storage if required and may be released or charged up in hair, etc.
Hair also exhibits and electrostatic charge.
V.
Electromagnetic energy may be induced from heat produced by
food, physiological oxidations, muscle exercise, fever; external stimuli such as
the sun, sweat baths, electronic diathermy, heat lamps, etc.; heavy clothing,
hot temperatures in the atmosphere, friction from working causing increased
pulse, increased respirations, increased heart rate, toxins acting on the

vasoconstricto centers, clogged lymphatics, malfunction of the liver, etc.
VI.
Electromagnetic energy may be induced by pressure receptors
such as somesthetic receptors, which are also concerned with touch, pain,
position, temperature, movement, and visceral. Pressure may be induced by
gravity, gas or pressure pains, temperature from expansion and contraction of
parts of the body, osmotic pressure from the movement of fluids seeking
concentrated chemical areas where water is about two thirds of body weight,
chemical expansions of starch and other chemicals (starch, when confined,
can exert 30,000 pounds per square inch pressure) when ionized with water
and other solvents, changes in the constituents of protoplasm, diffusion, cell
metabolism, electron contacts from frequency instruments and their
transducers, etc.
In analyzing EPR oscillations, the Fourier analysis can be helpful to determine
certain ingrained patterns into the complex analyses. Each of the thousands
of millions of cells in the brain has many synaptic clefts. It is the formation of
these synaptic unions with other cells that account for our memories and our
ability to learn.
As one neuron tries to fire into another through a synaptic cleft, this firing
of the electromagnetic radiation, as well as the chemical spark across the
neuron of the neurotransmitter, then has an electrical component. In each
global area, where there are many different brain cells, we can put on an
electrode and listen to the global electrical activity underneath it. This is kind
of like putting a microphone above a city and listening for noise. We can tell
when the city is or is not busy. We are not able to listen to one synaptic cleft
or neuron. The global reactivity that happens in these areas seems to follow
some type of yielded analysis that lends itself to a Fourier transform. When
we exhibit beta waves we produce between 12 Hz. and 100 Hz. of a signal that
is a jointed effect of the neurons underneath the electrode.
The overriding EPR Oscillations show us how these various neurons are
firing. The beta waves between 12 Hz. and 100 Hz. are a reflection of the
active mental thought of most people during the day, while they are discussing
something with their friends or in the process of doing some work. If they
become more introspective or relaxed, they can go into an alpha wave state,

which is between 8 Hz. and 12 Hz. If they become more introspective still,
they can go into a hypnogogic state. This would be reflective of a theta wave,
between 4 Hz. and 8 Hz. If a person were to go into a deep sleep, then he
would go into a delta wave state, 4 Hz. and below. At this stage people
experience paradoxical sleep, where they exhibit beta waves and have rapid
eye movements (REM).
These overriding EPR Oscillations show how the mitogenic radiation can
contagiously spread across the brain, producing a type of ulterior rhythm. In
the Fourier analysis of these rhythms we have discovered many other types of
rhythms. There seem to be certain personality patterns that can be put into
the body, as well as various addiction waves, demented waves, and other
entities that can be measured with sophisticated EEG equipment capable of
Fourier analysis. These are Fourier analyses of the different polynomial
functions that can be found inside the EPR oscillatory system.
Fourier analysis is so important in describing linear systems. Fourier
analysis is useful in describing the propagation of light through linear optical
components. These components could be free space, using a linear system
approach.
Complex amplitudes in two planes normal to the optic z axis are
regarded as input and output of the system. The linear system may be
characterized by either its impulse response function or by its transfer function.
Our first description will be the idea of Fourier analysis in free space.
Transfer function and impulse function of the free space then can be
determined. This will allow us to calculate systems in biology with variant
control factors.
The analysis of harmonic functions is very important for our
bio-engineering. If a frequency and amplitude are known, then we can define
a cosine function of the amplitude through a phase, and know the real parts of
a wave. The variable t represents time, frequency is , and units of cycle are
known as Hz. Our harmonic functions are regarded as building blocks for
more complex functions.
We can take these complex functions and break them down into simple
components.

Our first equation above is a function of time, whereas the second
equation is a function of frequency. If we take the absolute value of our
function of time, f(t), and square it, this is called the signal power. If we take
the absolute value of our function of frequency, F( ), and square it, this is the
energy spectral density. If the energy spectral density (the absolute value of
the function of the frequency squared) extends over a wide-frequency range,
the signal is said to have a wide bandwidth.
Communication theory will involve these functions of time and frequency
to allow us to know a signal and its time-domain representation. The function
of frequency is known as the frequency domain representation, and the
function of time is known as the time-domain representation.

Some important properties of Fourier transform are:
1.
Linearity. The Fourier transform of the sum of two functions is the sum
of their Fourier transforms.
2.

Scaling. If f(t) has a Fourier transform F( ), and ☺ is a real scaling
factor, then f(t/☺) has a Fourier transform *☺*F(☺ ). This means that if
f(t) is scaled by a factor ☺, its Fourier transform is scaled by a factor
1/☺. For example, if ☺ > 1, then f(t/☺) is a stretched version of f(t),
whereas F(☺ ) is a compressed version of F( ). The Fourier
transform of f(-t) is F(- ).

3.

Time Translation. If f(t) has a Fourier transform F( ), the Fourier
transform of f(t - ☺) is exp(-j2
☺)F( ). Thus delay by time ☺ is
equivalent to multiplication of the Fourier transform by a phase factor
exp(-j2
☺).

4.

Frequency Translation. If F( ) is the Fourier transform of f(t), the
Fourier transform of f(t) exp(j2
- 0). Thus multiplication
0t) is F(
by a harmonic function of frequency 0 is equivalent to shifting the
Fourier transform to a higher frequency 0.

5.

Symmetry. If f(t) is real, then F( ) has Hermitian symmetry [i.e., F(- )
= F*( )]. If f(t) is real and symmetrical, then F( ) is also real and
symmetrical.

6.

Convolution Theorem. If the Fourier transforms of f1(t) and f2(t) are
F1( ) and F2( ), respectively, the inverse Fourier transform of the
product
Living cells must do Fourier analysis as well. This is part of the
biological matrix and a function of the DNA, as we must take in wave
forms and analyze them for their Fourier analysis by breaking up the
signal and attaining the information in the signal versus the normal
background noise factor behind most signals.
The neurological system and the brain will also need to do Fourier
analysis. The reticular formation sits in the midbrain area, and must
filter out signals from all the sensory inputs of the body. The human can
then attend to whatever signal he wants to. He can then attend to a
visual or sound signal, and block out others. The reticular formation
then has to do a complicated Fourier analysis to be able to syphon out
the various signals and provide them to only the attentive areas of the
brain. The process of biological Fourier transforms offers profound
implications for biology.
In biology the use of the pupil to focus external light and allow the human
to draw an image into the back of the eye is extremely important to
understand and analyze. In this treatise we are not analyzing the
physics of the pupil or vision; we are analyzing some of the mitogenic
radiation capacities. For a deeper analysis we think the reader should
be directed to the field of optics to understand some of the visual
pathway information.
To understand holography we now can look at just what a holographic
image might be.
Holography involves the recording and reconstruction of optical waves.
A hologram is a transparency containing a coded record of the optical
wave.
Consider a monochromatic optical wave whose complex amplitude in
some plane, say the z = 0 plane, is Uo(x,y). If, somehow, a thin optical
element (call it a transparency) with complex amplitude transmittance
t(x,y) equal to Uo(x,y) were able to be made, it would provide a complete

record of the wave. The wave could then be reconstructed simply by
illuminating the transparency with a uniform plane wave of unit amplitude
traveling in the z direction. The transmitted wave would have a complex
amplitude in the z = 0 plane U(x,y) = 1
t(x,y) = Uo(x,y). The original
wave would then be reproduced at all points in the z = 0 plane, and
therefore reconstructed everywhere in the space z > 0.
As an example, we know that a uniform plane wave traveling at an angle
with respect to the z axis in the x-z plane has a complex amplitude
Uo(x,y) = exp[-jk sin x]. A record of this wave would be a transparency
with complex amplitude transmittance t(x,y) = exp[-jk sin x]. Such a
transparency acts as a prism that bends an incident plane wave
exp(-jkz) by an angle , thus reproducing the original wave.

The Holographic Code
The holographic code is based on mixing the original wave (hereafter
called the object wave) Uo with a known reference wave Ur and
recording their interference pattern in the z = 0 plane. The intensity of
the sum of the two waves is photographically recorded and a
transparency of complex amplitude transmittance t, proportional to the
intensity, is made.
In biology a single cell contains the code of the entire organism. This is
not just a chemical process, but a holographic reflection of an organized
wave pattern. By applying our energetic mathematics of holography we
can see the field generation of the holography of the biological organism.
Biology and medicine are presently locked in a chemistry model, which
is inadequate for the prediction or description of life.
Now let us return to our mathematical discourse. The transmittance of
the hologram is therefore given by where Ir and Io are, respectively, the
intensities of the reference wave and the object wave in the z = 0 plane.
The transparency, called a hologram, clearly carries coded information
pertinent to the magnitude and phase of the wave Uo. In fact, as an

interference pattern the transmittance t is highly sensitive to the
difference between the phase of the two waves.
To decode the information in the hologram and reconstruct the object
wave, the reference wave Ur is again used to illuminate the hologram.
The result is a wave with complex amplitude in the hologram plane z = 0.
The third term on the right-hand side is the original wave multiplied by
the intensity Ir of the reference wave. If Ir is uniform (independent of x
and y), this term constitutes the desired reconstructed wave. But it
must be separated from the other three terms. The fourth term is a
conjugated version of the original wave modulated by Ur2. The first two
terms represent the reference wave, modulated by the sum of the
intensities of the two waves.
If the reference wave is selected to be a uniform plane wave propagating
along the z axis, I/2 exp(-jkz), then in the z = 0 plane Ur(x,y) = I/2 is a
constant independent of x and y. Dividing by Ur = I/2 gives
Cellular biology must use Fourier transforms, be able to handle the information
coming and decipher it from background noise. Multicellular organisms
must have superior abilities to transform the information coming into its
focused sensory input. Thus a frog sitting on a pad must do a transform
of its information to see the bug it wishes to eat.
In our development of biology we also must perform Fourier transforms
on the body and compare the normal versus diseased patterns, but also
to see and measure how well the body can perform its own transform
analyses through its sensory input. Much of this is covered in Physical
Diagnosis by Dr. Nelson, in which we ascertain how the wide variety of
input signals into the brain can be measured and diseased conditions of
the transform abilities of the brain can be cataloged and ascertained.
This will be profoundly important for our energetic medicine, as the
smallest of transforms can help to tell us about the vibrational ability of
the body to maintain health and wellness.
Vibrational medicine will result from an understanding of the complexity
of the many different dimensions and vibrational entities the human body
must be able to deal with successfully. These vibrations merge into

other patterns, such as circadian rhythms, ultraradium rhythms, heart
rate, brain waves; the list goes on. These are culminations of some
very basic simple frequencies, which when compiled upon each other,
produce dramatic effects.

1.

HERE WE INTRODUCE THE BASIC UNDERSTANDING OF FOURIER
ANALYSIS, WHICH WILL ALLOW US TO APPLY CURVE FIT TECHNIQUES
TO UNDERSTANDING THE ELECTRICAL IMPULSES READ FROM THE
BODY.

2.

WE SHOW HOW A SYSTEM IS ABLE TO APPLY MATHEMATICAL FOURIER
ANALYSES TO DEVELOPING THE CURVE FIT PROPOSALS THAT WILL SEE
REACTIVITY OF THE BRAIN WITH VARIOUS HOMEOPATHIC SUBSTANCES.

3.

IN OUR UNDERSTANDING OF FOURIER ANALYSIS IT IS IMPORTANT TO
POINT TO OUR ELECTRICAL DEVICES, WHICH ARE ABLE TO CHART
OVERALL VARIANCES IN ACTIVITY. THIS POINTS TOWARD PHASE AND
FREQUENCY DISTORTION.

4.

BY GOING OVER THE IMPORTANT PROPERTIES OF FOURIER
TRANSFORMS SUCH AS LINEARITY, SCALING, TIME TRANSLATION,
FREQUENCY TRANSLATION, SYMMETRY CONVOLUTION THEORIES,
CORRELATION THEOREM, AND PARSEVAL'S THEOREM, WE CAN GAIN
AN UNDERSTANDING OF HOW A SYSTEM USES THESE VARIOUS
FOURIER ANALYSES MATHEMATICALLY TO ISOLATE VARIOUS
WAVEFORMS AND BRING THEM INTO AN UNDERSTANDING OF BIOLOGY.

5.

BIOLOGY MUST USE FOURIER TRANSFORMS TO TAKE IN VARIOUS
INTERACTIONS OF WAVEFORMS AND TRANSDUCE THEM INTO OTHER
SIGNALS FOR THE CELL OR THE ORGANISM TO EXIST.

6.

THE CONCEPT OF HOLOGRAPHY IS INTRODUCED, AND HOW
HOLOGRAPHIC STORAGE CAN HELP US TO UNDERSTAND HOW THE
BIOLOGICAL SYSTEM OF THE BODY CATALOGUES AND STORES DATA.
THIS WILL BROADEN OUR UNDERSTANDING OF DNA FUNCTION AS
WELL.

HARMONIC RESONANCE

In our analysis of vibrations we must be able to discern the concept of
harmonicity, and also explain the concept of resonance.
The concept of resonance is that of power being rhythmically added to a
system.

If the power is added at a certain interval that

corresponds to the correct interval needed within the system, the
system will produce resonance. The system gains more and more
in power. The concept of resonance is very similar to that of a
child riding a swing. If the pumping action of the legs and the
distribution of the weight to gravity is in a resonance harmony with
the swing action, then the child will gradually increase the swing to
a higher and higher degree, until the amount of energy displaced
by the pumping action has reached its maximum, meaning that the
swing action has reached its highest zenith. This action describes
resonance.
In Tacoma, Washington a bridge was built without the ability to
counteract resonance. A resonant frequency built up in the wind
one day that allowed the swinging bridge to increase its push a little
more and more, until finally the entire bridge snapped and
crumbled because of the pressure of the resonant force of the
wind. Since then all bridges have been built to have no structural
resonance, in that they would have separate entities that would
resonate at different times.
So when a system that has a certain periodicity is pushed by another
type of periodic waveform, resonance can occur if there is a
compatibility between the existing structure and the inputted push.
Another example of this is seen when a singer shatters a glass by singing

a certain pitch. If the glass's shape has a certain type of periodic
structure, the resonance between the note and the structure can
produce an ever-increasing vibration fed by the push of the singer.
This can destroy the glass by making it vibrate past its stable level.
In biological terms many resonances can happen in various ways.
Viruses, bacteria and fungi all have resonant frequencies. If the
virus is put into a certain resonant frequency, it could effect the
body. In psychology a certain set of neurons could be sensitive to
a resonant condition if the rhythms are present.

Agoraphobia

might produce a resonant factor within the neurological circuits,
pushing the organism to extremes and often inducing an anxiety or
panic

attack.

Obsession,

compulsion,

and

many

other

psychological problems can also be seen as resonant factors, in
which a certain ideation cannot be let go of because of its
vibrational sticky quality.

Ideas get caught in resonant circuits

within the brain.
Of the millions of neurons in the brain, certain ideations and thought
patterns can be amplified through resonance if an individual has
these thought patterns too often or in inappropriate circumstances.
These resonant thought forms can have increasingly larger and
larger effects, and be imprinted into the engrams of the human
being.

Certain humans will be sensitive to certain types of

thoughts.

So a person might inherit a tendency towards

depression, or the inherited tendency might be amplified by the
living conditions, in which the mother and father might teach
depression techniques to their child as a means of coping. Then
the child, having resonant effects, can build this depression into his
brain, making it impossible for him to break free from it without
large-scale help. This is one of the keys to developing a new-age

type of psychology; being able to defeat the resonant patterns
within the brain.
This resonance is also one key to understanding behavioral psychology.
In behavioral psychology what we reward we get more of; what we
ignore we get less of. This is a display of neurological resonance
reaching into the psychological world of treatment.
Harmonicity, or the production of various harmonics, is something else we must
analyze in vibrational medicine. A note produced by a sound has
harmonics produced at certain intervals. Thus a certain generated
note will have a harmonic at a higher note that is the same or
similar note in a different octave.

This is different from the

resonance we have discussed, because the true, pure resonance
seeks rhythmic similarities. In harmonic resonance we often do
not need to have extremely similar vibrations to induce harmonic
resonance. Harmonic resonance can be induced often by other
notes that are at harmonic levels to the original pattern.
If we hammer a piece of steel, we will see that this produces a certain
note.

There is a harmonic note that can be produced by a

hammer of another size, and even higher harmonics produced by
other hammers. Harmonics have infinite numbers of series, but
often are limited to seven series, in the case of octaves in music.
All vibrations, whether they be photon, electron, neutron, etc., have
harmonicity at various levels. These harmonic frequencies have
interference and amplitude factors on other carrier waves.
Harmonics work in many strange and wondrous ways. The effects
extend to other dimensions.
As we look at the wide variety of vibrations that occur within the cells of
the body and the vibrations that occur later within the networking of
the cells, we can see a tremendous number of opportunities for

harmonicity interaction. Various harmonics can interplay not only
in photons but electrons, sound, and other energetic activities.
Our best example of harmonicity is that of the barbershop choir,
where three or four singers can develop different notes and blend
them into a harmonic, producing a much more pleasant-sounding
note. This is known as a consonant harmonic resonance. This is
very important for the factors of biology in helping to produce
various states for biology and health.
In producing a calming, stress-reducing environment, we will need to
involve many types of vibration including pleasant sounds, pleasant
lighting for photons, and pleasant ionization.

In Bio-Quantum

Matrix we described a paradise in which the negative ion factors
produced a maximum health-generating environment.

Here we

can see that in a harmonic way these factors can be additive, and
that the sum can be greater than the sum of their parts. This is
another way of describing the factors of harmonic resonance,
where the summation of forces interacting can become greater
than the sum of the individual forces themselves.
We can find that interference patterns are also produced, and that certain
vibrations can be used to cancel out or negate other types of bad
frequencies.

Here we have the development of a Rife-type

machine. Rife was rumored to have developed a machine that
could generate various types of vibrations that could break up viral,
bacterial and other microorganisms.

This was done through

developing a pattern forced into the body at these various
frequencies

that

would

attempt

to

harmonize

with

the

microorganism intruder, and through the factors of resonance,
shatter them.
As we have pointed out, we are not sure if Rife really did develop this to

its full extent. The amount of energy it would take to shatter a
virus would be dramatic according to our calculations, and
seemingly above that which a Rife instrument could develop.
Perhaps the harmonic instruments he used had stimulating effects
on the immune system and its ability to deal with these
frequencies.
Also it must be pointed out in our discussion of vibrational medicine that
almost any type of electrical photon or sound vibration given to the
body can have positive effects. We speak in psychology about the
Westinghouse effect, in which a researcher went into a
Westinghouse plant to try to find psychological ways of improving
production. He found that when he moved the cafeteria, he had
an increase in production. When he moved it again, he also had
an increase in production.

He found that whenever he set up

studies and did operations, production seemed to increase.

In

other words, the final conclusion of the Westinghouse effect was
that attention given to the system of the plant seemed to increase
of productivity; the people liked the attention.
This is often the case with the body itself.

The body likes to have

attention. When it is given photon, electron, sound or ionization
attention, it seems to respond. Often this response is interpreted
by certain experimenters as being more profound in its effects, and
they build machines to use universally.

The machines do not

always work differently from placebo.
We must develop a more scientific vibration theory, which is the purpose
of this book on vibrational medicine. As we look into the factors of
various waves, we must be able to chart out and statistically
evaluate the types of vibrational medicine we are going to use. It
is the plan of this book to help to open new dimensions for scientific

thought in vibrational medicine, and to dispel some of the rumors
and ploys evident in other events.
Many researchers have developed equipment that have attracted rumors,
and it has become a strong factor in alternative medicine. Many of
these inventions have true potential; many are just flim-flam
operations that really do not have a strong basis in science. We
attempt in this book to develop a firm scientific understanding of
these vibrational factors, and then challenge them through
statistical measurement endeavors to produce more refined and
dynamic healing techniques. Many alternative practitioners will be
put off by the fact that there are numbers, physics, statistics and
mathematics in this book. It is with great dismay that I wish to
challenge them, because it is numbers that have given us so much
of our technology. Some of this technology has gone unchecked
and needs humanization.

So we have tried to involve human

qualities in our technology as well as the science and statistics, so
that we do not dispel or throw away any of our factors. We try to
control them in human ways, and let science be our servant, not
our master.
In Dr. Isaacs's "Matrix" we are shown that numbers exist that dictate
interplay of matter as well as interplay of forces. This interplay of
forces is key to our understanding of biology.
We have shown in the Bio-Quantum Matrix book that the factors of
harmonicity and resonance have possibly been built by nature, or
God Himself. This matrix seemingly has harmonic and Fibernaci
relationships built into the system.

The Bio-Quantum Matrix

should be reviewed at this time for an understanding of some of the
mathematical relationships built into the matrix that determine
reactivity. These mathematical relationships allow for biology, and

will dictate our vibrational medicine.
Harmonic resonance also dictates and shows us another form of
reverence that we must build into our system.

The total

knowledge of all the resonance factors and the ways that a cell or
set of cells in an organism can interact is infinite. As one organism
interacts with another and with the environment, it goes past our
understanding. This should produce some reverence; a way for
us to look at natural systems of medicine in our vibrational
medicine model.

We do not want to just develop synthetic

waveforms and think that their mathematical formulae are all we
should consider in vibrational medicine.
The best vibrational medicine technique we can use on a system is the
vibration of medicine in nature; the gentle waterfall, the pleasant
wind, the non-toxic air, the gentle refrain of a loved one, the
reassuring touch of a doctor with a good bedside manner. These
are the factors that really should be looked at in vibrational
medicine.

Our development of harmonic frequency generators

and function generators are merely side issues in comparison to
the true healing factors of the human.
As we develop various mathematical precepts and devices, please let us
not lose sight of some of the more dynamic healing factors that
biology can assail. These devices should only be secondary, if not
tertiary, in our treatment modality plan. Reverence of God and
nature should always be our primary directive in setting our healing
forces and directing our medical intervention (see the Natural
Compendium of Dr. Nelson).

If we calculate a sine wave by frequency domain analysis, we can see that this
type of wave will generate harmonic series. The harmonics will be

raw integer multiples of the frequency.

So if we see that the

frequency equals 1 over the period, this will tell us what the basic
frequency is that establishes the fundamental or lowest frequency
of our proposed harmonic series.

Fourier found that if we superimpose these harmonic sine waves onto
themselves, we can produce any type of wave within the structure.
Thus we can produce a sawtooth wave, a triangular wave, a
half-rectified wave or even a diamond-shaped wave. The dramatic
complexity of waveforms in biology results from a vast number of
interfacing waveforms. These are interactions between electron,
photon, sound, and chemical waves, etc.

These can be of a

positive health-enhancing, derogatory, or disease nature.

This

difference is between entropic-type waves or organized quantum
waveforms. If these waves are in harmonic action, meaning that
they are multiples of each other, they will still have the same
intersections. But we can produce a wide variety of shapes. In
Fourier analysis, if the waveforms combined with each other are
not in a harmonic series, then we can produce random shapes that
also can be delineated into their Fourier components.
The Fourier theorem is the key to our understanding of frequency domain
analysis. We already know a great deal about our sine waves. It
is also possible for us to reduce periodic waves to their sine wave
components. Analyzing these sine waves allows us to analyze the
periodic wave.
Thus two approaches of nonsinusoidal circuit analysis can be developed.
We can calculate the periodic wave and what it does at each
instance in time or we can calculate what each harmonic does.
Sometimes our first approach, which is dependent on time-domain

analysis, is faster; and sometimes the second approach of
frequency domain analysis is superior.

we have an example of a sinusoidal voltage producing a large swing
along a transconductance curve. The nonlinearity of this curve will
then produce current that is no longer sinusoidal. So the shape of
the output curve is no longer a true duplication of the input shape.
Since the output current flows through a load resistance, the output
voltage will also have nonlinear distortion. This happens in cellular
biology through membrane resistance, which affects the output
capacities.

This happens in the mega system of the body in

acupuncture point resistance changes that regulate meridian
voltage.
Below is shown nonlinear distortion from the time domain viewpoint.

The input sine wave drives the amplifier. The operation if a large signal will
allow for an amplified output voltage that is no longer a pure sine
wave. We can see now that there is more gain on one-half cycle
than on the other. This kind of distortion is often called amplitude
distortion. This happens in overloaded systems such as muscular
fatigue or stress syndromes.
The frequency domain will give us insight into the amplitude distortion.
In the above diagram we will see that the same situation can be
shown from frequency domain. The input spectrum is at a single
line of our fundamental frequency f1.
distorted, but is still periodic.

The output signal is

Therefore it contains the dc

component and the harmonics shown. We have stopped with the
fourth harmonic. The point is that the waveform with the amplitude
distortion contains a fundamental and harmonics. The strength of

the higher harmonics then is the clue as to how bad distortion will
be. Stress distorts the higher harmonies of the human system by
enhancing their strength.

This results in higher-dimension

sensitivity in stress-related diseases.
Amplitude distortion is also termed harmonic distortion. In developing
our vibrational medicine model this will be extremely important for
us to be able to deal with these distortion models. The larger the
peak values of the harmonics the larger the harmonic distortion.
Stress treatments must be system-wide to be effective.
The simplest way to compare the amplifiers is to take the ratio of the
harmonics to the fundamental. This will help us to calculate the
harmonic distortion. The total harmonic distortion will be equal to
the square root of the second distortion squared plus the third
distortion squared plus the fourth, and all the way up to the nth
distortion squared.

This is developed in the system of

mathematical analysis developed bThe Quantum Med C.I.*. This
allows

for

waveform

analysis

through

Fourier

techniques.

Reactivity is then charted as the log of total harmonic reduction.

ENERGETIC EVALUATION OF THE BODY - - - - - - signal unit input and
output and comparison tests can evaluate body functions and
diseases that are vital to life and health conditions:

(1) Attenuation for reduction of wave amplification; High and Low frequencies.

(2) Phase angle meter to check independent body variables; phase shift:
inductive and/or capacitive.

(3) Current potential handled normally by the human body.

a. Restoration in discriminating circuits
b.

Degree of conductivity - low, medium, high

c.

Voltage - low, medium, high. Normal potential energy

d.

Resistance - low, medium, high. Normal impedance

e.

Constant power dissipation at test time rate

f.

Dynamic transfer capacity of body electrons

g.

Amplification factor; gain; stability factors; degree od detection at

varying frequencies and amplitudes
h.

Electrical balance - right and left sides

i.

Stabilization: frequency, voltage, ohms, temperature

(4) Frequency response - wave length - wave form
a.

Distortion of frequencies in the nervous system

b.

Reliability of sync-pulses from normal impulse reactions

c.

Filter cut-off points of harmonics and resonance units

d.

Impedance at resonance and frequency range therein

e.

Percent modulation; voltage drop; voltage ratio; RMS

f.

Time constant of nerves; short, medium, long

g.

Pulse width: narrow, medium, wide

h.

Body "Q" at resonant conditions

i.

Characteristic curves with amplitude changes

j.

Stability factor and impedance coupling measurements

k.

Noise factor and level of auditory system and vocal, heart,

circulatory and muscular systems
l.

Initial and sustained oscillations from impulses

m.

Pulse characteristics - rise time, fall time, wave form

n.

Demodulation and amplification potentials of the body

o.

Feedback in human nervous systems and nerve damage

p.

Heartbeat control with dual variable phase angle audio generators

q.

Electromagnetic potential energy level of the body

r.

Electrostatic potential energy level of the body

s.

Reaction from body degeneration

t.

Reaction of visual system by pulse response

u.

Reaction of electromagnetism and induction

One way to reduce harmonic distortion is through negative feedback.
Negative feedback will reduce the harmonic or nonlinear distortion by
desensitivity. If an amplifier has an open-loop harmonic distortion of ten
percent, and the amplifier is used with negative feedback where the
desensitivity is 100, then the closed-loop harmonic distortion will be
reduced from ten percent to point one percent. The treatment system
used on patients utilizes this type of negative feedback.
Another type of distortion is frequency distortion. This has little to do
with nonlinear distortion.

Frequency distortion can occur even in a

small-signal operation. The primary cause of frequency distortion is a
change in amplifier gain with frequency. Anxiety states are one example
of this distortion occurring in a human system. This induces a hormonal
or chemical component related to the neurological regulating system.
Reductionistic techniques, which reduce these diseases to just their
chemical nature, are inappropriate

The input spectrum contains many equal-amplitude sinusoidal components. If
the cutoff frequency of the amplifier is less than the highest sinusoidal
frequency, the higher frequencies in the output spectrum are attenuated.
Frequency distortion then is just a change in the spectrum of signal
caused by amplifier cutoff frequencies. This affects the quality of speech

and musical signals, as we can cut off some of the top-range frequencies.
This is also the normal operation of the reticular formation in the
midbrain, as it sorts and filters information frequencies.

This also

happens in higher-dimension interactions, and gives way to an idea of
how higher dimensions can produce disease-causing frequencies.
Phase distortion happens when the phase of a harmonic is shifted with
respect to the fundamental.

We can see the input signal with the third harmonic peak in phase with the peak
of the fundamental. If there is a phase distortion, the third harmonic will
change the phase with respect to the fundamental at its output. This can
be measured in the patient by the Quantum Med C.I.* system.
Frequency and phase distortion usually occur together, happening at the
midband of an amplifier. Voltage gain and phase shift are constant in
this case.
Let us look into some descriptions of negative feedback. One of the
most basic types of negative feedback used in electronics is noninverting
voltage feedback. This type of feedback used input signals to drive a
noninverting input of an amplifier. A fraction of the output voltage is then
sampled and fed back to an inverting input.

An amplifier with

noninverting voltage feedback will tend to act like a perfect voltage
amplifier, one with infinite input impedance, zero output impedance, and
constant voltage gain.

A biological example of this is proprioceptive

connection of sensors and muscles. This feedback system allows for
motion, or for standing still.
In positive feedback amplification the output is sampled and returned to
the input.

This feedback signal can produce remarkable changes in

circuit performance. In negative feedback, however, this means that the
returning signal has a phase that opposes the input signal.

Negative feedback then provides stable gain, less distortion, and more
bandwidth. The first attempt to patent such a device was by H. S. Black.
His original patent was rejected because it was supposedly another
perpetual motion folly.

But as it turns it, it was very important and

valuable for electronics.
In feedback amplification the difference between the noninverting and
inverting input voltage is called error voltage. Its symbols are
-

2.

Error voltage is amplified to get an output voltage in which

A

error.

=

1

output

=

error

A is very large. To avoid saturation of the output transistors,

the error voltage is kept very small.

Biology uses many such error

voltage units in the cellular and neurological levels. An example is in
heart arrythmia, where regulation of proper electrical rhythm depends on
error voltage regulation.
Many op amps are made which can use this type of inverting circuitry.
Most op amps have extremely large voltage gains, very high input
impedance, and very low output impedance. The 741C chip has values
of A = 100,000, rin 2 M , and rout = 75 .

Voltage dividers return a

sample of the output voltage to the inverting input.

This is the key to the microvolt amplifier used by The Quantum Med C.I. in just
one of it's' many treatment modes* . It is similar to the Mora unit made
in Germany, but is superior in its bandwidth ability. The product of AB is
known as the loop gain.

For noninverting voltage feedback to be

effective, the designer must deliberately make the loop gain greater than
1. This will allow for

For the sake of simplicity to understand this last equation, we can see that the
inverting input voltage is boot-strapped to within microvolts of the
noninverting input. This means that

Open-loop voltage gain is another way of describing the voltage out and voltage
in ratio.

BACTERIA ELECTROCUTION The ZAP Phenomena
The devitalization of bacteria is readily demonstrated by simple ionization of the
cells causing their complete breakdown into atoms and microscopic
pieces. No one questions the fact that the human cell organism can be
electrocuted. It is merely done by applying the proper voltage and
current to provide the resonant or death impulse. The cells of virus,
bacteria, worms, and microscopic fungi are in the neighborhood of
1,000,000 times less strong in the strength of their cell walls than the cell
walls of the human body. Thus by application of the proper resonant
frequencies for these parasites their destruction is accomplished without
harm to human cells, but, in fact, an aid to the metabolism of the human
cell by inducing needed energy from an already weakened condition
owing to lack of potential electron energy. Frequency instruments
provide these electrocuting resonant frequencies to devitalize parasitic
human killers, which cannot be considered in any sense a USELESS
DEVICE. The organized suppression of the truth is a crime of the state
of California and a sin of the men who rally to the cause of drug addiction.
Many people have written about the field of Zaping and microorganism
electrocution. Rife might have started it, H. Kruger did it in more detail.
But her lack of a true science and electronic background stopped her
from getting attention. The question is if a small insignificant risk current
of the appropriate frequency band can effectively destroy a pathogenic
intruder. There is very little scientific study data to support the basic
treatise of the zap. Lots of anecdotal evidence of people feeling better,
but no dbl blinds, no pre post culture of any size, mostly supposition. Till
now.

The first question is what is a pathogen? Many times a bacteria or other
microorganism is found but they are not pathogenic. When you go behind
a restaurant you find garbage, then you will find flies. It is wrong to think
that the flies cause the garbage. The fly and his off spring carry away
garbage, it is their biological function. What we at first sight see as a
pathogen might be a helper at a longer look. But even a helper can
become opportunistic at times.
The zapping function of the SCIO is a simple function provides a safe frequency
band (not one frequency) of a specially designed and measured wave
form for each potential pathogen. This is applied with an auto-focused
system that will be modifies by the patient’s body electric. The results are
that certain pathogens can be diminished in number. The function
stimulates the immune system of the body for regulation of opportunistic
invaders, and the detox system to get rid of the garbage. Of course we
always support the work with pro-biotics, homeopathics, and other natural
help.
Our studies have shown that this is successful on papiloma virus, strep and
staph bacteria, and intestinal parasites. The effect is measurable but
slight. If there is no results seen after the first two days consider stronger
pharmaceutical action.
Rife used higher levels of current.
"If a current of great intensity is passed
through a culture... however, electrolysis will result..." In a saline solution
electrolysis causes the ionization of sodium and chlorine. Chlorine gas
does kill bacteria, viruses, etc., so in this area the electrical current does
not have a little effect; it means total destruction for the bacteria. "Heat,
also, will be generated and, if sufficient, may kill the bacteria." Thermal
death points have been well established by Royal R. Rife's laboratory
research over a period of many years. Thermal death point merely tells
us when the last survivor of all has expired in time. In milk pasteurization

62 C is used for 30 minutes. 80 C is considered the high level for
thermophilic (heat-loving) bacteria. Currents generating temperatures
over 80 C will kill even these "high-temperature" organisms, and so in
this area the electrical current does not have a little effect; it means total
destruction for the bacteria.
The potential energy level of the force in electrons to kill bacteria is
known in common terms as microvoltage, millivoltage and voltage. The
resonant frequency level at which the band pass of the bacteria, virus or
worm, etc. reaches its resonant peak with respect to frequency is induced
by frequency instruments that generate the required electron potential
resonant level, originally known as the Mortal Oscillatory Rate (MOR).
Royal R. Rife discovered a MOR for each parasitic virus (like cancer,
T.B., polio, etc) and for each parasitic bacteria (like staph, strep, syph,
tetanus, typhoid, etc.) by using critical energy levels on pure culture
strains in controlled experiments for twenty years.
When the microorganisms reach resonance, their atoms are ionized and
disintegrated just as salt dissolved in water, and their death occurs in
microseconds and the kill is 100%, not 90% or 80% as in pH death, from
chemicals that only reach surface contact areas. The electrons go into
every cell in the human body to do a thorough "housecleaning".
THERAPEUTIC SIGNIFICANCE:
The value of electrical stimulation in the treatment of paralyzed muscles is
advocated by some workers and condemned by others. Good results
have been reported in using this treatment in poliomyelitis, but stimulation
should never be started too soon after injury since more harm than good
may be done. 3 V max is good.

SOME OTHER ABNORMAL FORMS OF ELECTRICAL REACTION:

A. Jolly's myasthenic reaction - In myasthenia gravis the involved muscles
show a phenomenon of rapid fatigue upon repeated stimulation.
B.

Myotonia reaction - In myotonia congenita (Thomsen's disease) the
muscles show a "curare-like" response to a single stimulus.

C. Tetanic reaction - In tetany the muscles are hyperexcitable (Erb's sign)
and show a spasm.
D.

Cadaveric reaction - or complete absence of electrical excitability is
seen in the acute stage of family periodic paralysis, a rare disease
characterized by periodic attacks of flaccid paralysis.

E. Corpus Callosum cross wiring effect. This blocks proper transfer of data
and impulses.
F. Thanatos or the death instinct, a phase of life for a teenager when death
becomes fascinating. A person can become attracted to toxins and
repelled by proper nutrition. This can happen to any one.

THE POSTULATES OF ELECTROSTATIC PHENOMENA
1.
An electric field may be divided into lines of force. These lines
organize in a trivector signal.
2.
Each line terminates at a positive charge on one end and a
negative charge on the other.
3.

The lines throughout the field coincide with the direction of the

electric stress.
4.
The lines behave as though they were stretched electro-elastic
forces, always tending to contract and bring together the negative and
positive charges.
5.
A line of force between two conduction surfaces must always meet
the conducting surfaces perpendicularly. This must be so from the very
nature of the assumed static conditions. If a line of force entered or left a
conducting surface at any other angle than normal, it would have a
tangential component at the surface that would cause the movement of
charges within the conductor. This would constitute a continuous electric
current. Since currents do not flow along the surface of a conductor in
an electric field in a static system, the junction of the line of force and the
surface must be at right angles.
In using a noninverting voltage feedback system we will see that there are
stable voltage gains, as a possible plus. It also can help to improve input
impedance, output impedance, nonlinear distortion and output offset voltage.
Desensitivity in the feedback amplifier is how much voltage gain is reduced by
negative feedback. This is also an advantage of our noninverting voltage
feedback system.
In a noninverting current feedback system an input voltage drives the
noninverting input of an amplifier, and the output current is sampled to get the
feedback voltage. An amplifier with noniverting current feedback will be similar
to a perfect voltage-to-current converter, one with infinite input impedance as
well as infinite output impedance in the presence of a stable transconductance.
In the next figure we can see an example of an ac equivalent circuit, which is a
feedback amplifier of a noninverting current feedback.
Load resistor and feedback resistor are in series within this circuit. The load
current passes through a feedback resistor. Feedback voltage is proportional
to the load current because
Wherever a feedback voltage is proportional to the output current, the circuit is
said to have current feedback. This is the key to neural transmission, and

controls the sodium pump.
Current feedback will stabilize the output current. This will show that a
constant input voltage produces an almost constant output current despite
changes in open loop, gain and load resistance. If we try to increase output
current, negative feedback will eliminate its effect.
OSCILLATION GOING TO ZERO
If SW is thrown left, battery charges C by removing electrons from the top plate
and storing them on the lower plate. This action stores energy in the electric
field of the capacitor. Now turn the SW right and C discharges through L with
electrons moving from the lower plate back to the upper. The rising current
through L will store energy in the magnetic field around it. When C becomes
discharged, the energy of its charge will have been transferred to the magnetic
field L. This stored energy in L will begin to charge C as it continues the flow of
electrons to charge C with a reverse polarity. This continues until all the
energy in the magnetic field has been transferred to C. Then C begins to
discharge again with a reverse direction of electron flow. The period of
frequency determined by its resonant frequency is:
f sub r~ =~ 1 over {2` (3.1416)` LC}
The cycles per second may be controlled by changing L or C. Thus the
impulses are controlled by a combination of these forces acting in all circuits
and within the components of the human body.
The output of the tank circuit shown above is shown at its peak-to-peak
value with oscillations going down to slowly reach zero. In starting up, this
process is reversed as C and then L "fire" their collected electron energies back
and forth to create any frequency required for functions.
In practice oscillators are classified by waveform and principle used for
excitation with four methods: (1) feedback (external), (2) negative resistance,
feedback (internal); (3) mechanical (crystal vibration), (4) relaxation. The
human body oscillator for the heart is described as a negative resistance
internal feedback in the control heart in the carotid plexus (artery), which is
connected by the vidian nerve and the superior cervical ganglion of the

sympathetic part of the autonomic nervous system, which branches off from the
spinal cord in the thoracic area. This tiny heart acts as a monitor for the large
heart. When the body is excited or exercised, the parasympathetic nervous
system releases additional negative feedback, which throws a bias on the
oscillator tank circuit and increases the frequency and stimulus rate so that the
muscles of the hearts can beat faster to compensate for the demands of
additional oxidation made by such excitement or exercise. Burning up energy
or exciting new rates of oxidation in the body cells increases the release of
electrons or negative potential. On recovery, fatigue may follow as the body
seeks to balance the reactions.
Accompanying the frequency are the harmonic frequencies which are
multiples of the original or fundamental frequency rate where the number of
impulses are measured in cycles per second. Fourier's law states that any
compound wave may be regarded as the sum of a series of simple waves
whose (resonant) frequencies bear to one another in the ratios of 1, 2, 3, 4, 5,
etc. For example: middle C = 264 cps; 1st overtone is 528 cps; 2nd overtone
is 792 cps, etc., and where the fundamental frequency is 264 cps. Thus
vibrating strings have periods of resonant moments just as electrons have
resonant frequencies in nonlinear harmonic distortion , which can be displayed
by waveforms using and introducing filtered or nonfiltered harmonics of the
original frequencies.
Like most complex waves a square wave has harmonics that decrease in
voltage as their frequency increases. The relative voltages of harmonics in a
square wave are easily measured with the use of an LC ringing circuit.

In checking inverting current feedback, we can see that an amplifier with an
inverting current feedback will act like a perfect current amplifier that has zero
input impedance, infinite output impedance, and a constant current gain. Here
we can see that the inverting current feedback has some advantages and
disadvantages.

Inverting Current Feedback
Quantity

Symbol Effect

Formula

Electroacupuncture
Reading

Current gain
Input
impedance
Output
impedance
Distortion
Output offset

iout/iin
rin(CL)
rout(CL)

1/B r1/(1 + AB)
(1 + A)r2
dist/(1 + AB)
Vout(off)/(1 +
AB)

Body voltage
Acupuncture point
resistance Acupuncture
point resistance
EPR wave
EEG wave

dist(CL)

Voo(CL)

Stabiliz
es
Decreas
es
Increas
es
Decreas
es
Decreas
es

In developing a system of medicine we can see that there are many types of
feedback that can be utilized by the electronic system of the human body. This
also has chemical counterparts. In developing all the electrical correlates, the
body has chemical backups through the endocrine or hormonal system.
Our system of energetic medicine must develop ways of analyzing the
feedback loops within the system, and how they regulate acupuncture point,
voltage, resistance, impedance, capacitance and inductance. This document
has been written to help us discover many ways to not only diagnose diseases
through the reading of the electrical nature of these acupuncture points, but
also to develop treatment modalities in which our systems can be utilized to
help regulate the overall feedback loops of the body, and thus return the patient
back to a state of good health.
It is the purpose of this book to define some of the probable laws we must
keep in mind while we develop these systems further. To chart practical
systems, we point the reader towards the Natural Compendium of Dr. Nelson.
This can be used to deal with patients on a therapeutic basis. The Physical

Diagnosis of Dr. Nelson relates various ways in which the electrical readings of
the body can be utilized in complex systems to help us diagnose diseases.
Mention must also be made of morphic resonance as an inter-dimensional
shape transfer. This is covered in our first book, Quantum Biology, which
should be reviewed at this time. Thus we can see that there are unexplored
and untapped factors in biology and medicine.

INTERCELLULAR TRANSMISSION

1.

Inductance, counter-electromotive force, inductive reactance, voltage
and current in L-R circuits, mutual inductance, etc.

2.

Capacitance, generation of conductance, capacitive reactance, phase
shift, current and voltage in an R-C circuit and
phase angles, impedances, Time constants, series
and parallel circuits, etc.

3.

A-C circuits with inductance, capacitance, and resistance including
series and parallel L-C-R circuits and their
components.

4.

Tuned circuits and resonance, frequencies at resonance, bandwidth, Q
of circuits, filter circuits, etc.

5.

Transformers for audio and light waves, impedance matching, etc.
The networks of windings are in the cerebral
hemispheres.

6.

Audio amplifiers, hybrid parameters, open-circuit and short-circuit
parameters, stabilizing circuits, pH controllers,

bridge connections, feedback circuits, switching
characteristics, triggered circuits, gating circuits,
summing junctions, PNP-type junctions, NPN-type
junctions, motor boating of low frequencies,
collectors, emitters, bases, assumed biasing, and
related reactions, etc.

Frequency impulses of 5 to 150 cycles per second are sent over
closed-circuit nerve fibers of 1/100 mm in diameter. Intensity of sensation is
dependent upon the rate at which one impulse follows another frequency or
impulse. A nerve may contain several thousand nerve fibers.

CAPACITANCE

It has been explained that inductance is that property of an electrical circuit that
tends to prevent a change of current.
Capacitance is that property of an electric circuit that tends to oppose a
change in voltage. Capacitance is then seen to be an electrical inertia
opposite in effect to inductance and similar to a natural property that opposes a
change of forces high in either positive- or negative-polarity electrons. A
capacitor offers no immediate opposition or reaction to applied current flow but
offers maximum reaction to removal of applied voltage from a charged
capacitor. Thus a capacitor always offers a delayed reaction to voltage.
Capacitance is defined as that property of an electric circuit that opposes
voltage changes.
A capacitor consists of any two conductors separated by an insulator. If
impulses are applied to a capacitor, current flows at a maximum instantly and
then falls to a minimum as the voltage across charged capacitor builds up. A

charged capacitor stores voltage for an indefinite period.
If a charged capacitor is short-circuited, current flows at a maximum
instantaneously in the opposite direction of charging and then gradually falls to
a minimum as voltage goes to zero. For a given capacitor the ratio between
the charge on one plate and the voltage causing it is always a constant.
The ration of electron charge "Q" to voltage "E" is the measure of capacitive
action, called capacity, labelled "C", and is measured in farads. Thus C = Q/E.
A farad is the capacity of a capacitor on one plate in which a charge of 1
coulomb is deposited by a difference in potential of one volt.
Different insulating materials or dielectrics show electrostatic permittivity and
different resistances in breakdown voltages, usually having unit thicknesses of
0.001 inch. A capacitor prevents instantaneous rise or fall of voltage in a
circuit, the delayed counter-voltage aiding an impulse current flow.
A capacitor is an open circuit to direct current and a conducting path to
alternating current. In semiconductors the average value of collector-base
capacitance may vary from 2uuf for high Hertz to 50 uuf for low frequencies
(audio) while collector-emitter capacitance is normally ten times greater. The
effect is used to modulate oscillators. Capacitance coupling is used where
input impedance is below 75 ohms resistance.
When switch is open, capacitor is uncharged; that is, (in relation to
electrons) no difference in potential exists between the plates.
When switch is closed, both plates are in different potentials from the source
of electrons; free electrons are attracted to positive side.
The rate of change depends upon the Hertz or impulses per second. Each
impulse or cycle means that electrons have been taken from one plate to
another in polarity charges as illustrated above.

LIBRARY FUNCTIONS / SOCIAL INTERVIEWS
The SCIO system is designed to operate around a primary behavioral
interview. Most of the diseases today are caused or complicated by the
patient’s behavior. Patients will try to escape responsibility and blame others for
their disease or they will expect the therapist to just give the a magic pill.
There are therapists who do not believe they should ask personal questions
such as do you smoke or exercise. What I have always said is that those
therapists have chosen the wrong profession. There are several vocational
opportunities in the house cleaning and fast food industries. It is not your
responsibility to change your patient. You do not follow him home and knock the
cigarette out of his hand. But it is your job to help him take responsibility and
take the cigarette out of his own mouth. It is your job to report such problems
and complications and to help your patient to improve his wellness and health.
If they do not want to change their behavior it is their business and you should
now help as best you can.
Samuel Hahneman wrote that certain behaviors can suppress or obstruct
the healing, curative and recuperative powers of a patient. We have designed
our inventory to reflect the Suppression and Obstruction to Cure (SOC index). It
will serve to help educate the patient, increase responsibility, improve the
readings, and improve your chances to help. Take some few minutes to
inventory the patient’s SOC index and recognize that it can change. It is not
stagnant nor should it be. A copy of the SCO questions is:
SUPPRESSION AND OBSTRUCTION TO CURE
SOC Index :
The SCIO interview opens with a behavioral medicine interview. This is
called the SOC Index. Named after the work of Samuel Hahneman the father of
homeopathy, he said that the body heals itself with it’s innate knowledge. But

the patient can suppress or obstruct the healing process with some behavior.
Hahneman said that the worst way to interfere with the healing natural process
was allopathy or synthetic drugs. Theses upset the natural healing process by
unnatural intervention and regulation disturbance. Other ways to Suppress or
Obstruct the Cure are smoking, mercury amalgams, stress, lack of water,
exercise and many others. This behavioral survey then gives an index of SOC.
The scores relate to the risk of Suppression and Obstruction to the natural
Cure. The higher the scores the more the Suppression and or Obstruction. The
scores of 100 or lower are ideal. The SOC index questions are: mostly based
on a scanine (1-10) answer. Some answers can be more.
These questions include:
1. Number of organs removed:
2. Number of Synthetic drugs taken currently:
3. Number of cigarets you smoke a day
4. Number of metal or amalgam fillings in the teeth during the last year:
5. Number of street drugs used per month:
6. Number of known allergies:
7. Number of unresolved mental factors:
8. Are you responsible for you body and the diseases you have:
9. Amount of fat in diet as a percent:
10. Personal stress 0-10 10 being max. numbers can be larger than 10.
11. Number of sugar servings per day:
12. Number of exercise sessions 20 min or more per week:
13. Number of alcoholic drinks per day average:
14. Number of cups of coffee or any caffeine product:
15. Number of extreme toxic exposures last year:
16. Number of major injuries in past:
17. Number of major infections in past:
18. Number of glasses of water or natural fruit juice per day:

19. Number of pounds over weight:
20. Interpersonal stress 0-10 10 being max. numbers can be larger than 10.
21. Job-school stress 0-10 10 being max. numbers can be larger than 10.
22. Money stress 0-10 10 being max. numbers can be larger than 10.
23. Sickness stress 0-10 10 being max. numbers can be larger than 10.
24. Family stress 0-10 10 being max. numbers can be larger than 10.
25. Desire stress 0-10 10 being max. numbers can be larger than 10.
26. Bowel detox stress 0-10 10 being max. numbers can be larger than 10.
27. Sweat detox stress 0-10 10 being max. numbers can be larger than 10.
28. Urine detox stress 0-10 10 being max. numbers can be larger than 10.
29. Mucous detox stress 0-10 10 being max. numbers can be larger than 10.
30. Skin detox stress 0-10 10 being max. numbers can be larger than 10.
31. Sleep stress 0-10 10 being max. numbers can be larger than 10.
32. Number of Root canals:

Each of these questions relates a behavioral burden on the body that can
create a suppression or obstruction to the curative process. Scores below 50
are very good and show little risk of suppression or obstruction. Scores above
50 and below 100 are good and show some chance of suppression or
obstruction to cure. Numbers above 100 are of risk.

HOMEOPATHY

AND SYMPTOM REPERTORY

inside the SCIO system there are many question inventories, but few more
important than the Homeopathy symptom inventory. To record a headache is a
symptom. To record a migraine is a diagnosis. To record a lump is a symptom.
To record a cancer mass is a diagnosis. I have written the definitive book on

this to help you to learn how to operationalize symptoms with out diagnosing.
This is the process of homeopathy. Every thing a homeopath does is in the
SCIO system for easy use. It begins with a repertory of symptoms. From here
all homeopathy expands. See Therapist Operationalize book for details

ACCURACY OF THE SCIO XRROID TEST
the NEED FOR A CALIBRATION FUNCTION
There are many factors that can effect the electrical readings.
1. Aberrant electrical noise
2. Patient movements, jaw, eyes, thoughts etc
3. Inaccuracies of QQC test of compounds
4. Patient differences in physiology age etc.
So a calibration process is used in the patient visit. There are in the system
the energies of the most unreactive substance known- pure distilled water.
Even thirsty people do not react well to it. Then a combination of the most
reactive compounds known produce the most universal reactant. The system
test the patient at the maximum recorded speed of a human or one hundred
and 10th (1/110 of a sec). If they can react to four vials of the highest reactant
and not the 18 vials of the water, then they react at this speed. If they do not the
system goes to 1/109 of a sec and continues till the proper speed of reactivity is
found and repeatable.
It is impossible to get 100 percent accuracy. In modern medicine the dream
is significant accuracy of 98% or so. They need this goal because their
therapies and interventions are harsh (chemical side effects, radiation, surgery
etc). Since our therapies are soft (nutrition, homeopathy, exercise, networking,
etc) we do not need 98%. So our system is set to allow testing at over 75%.
Most will have accuracies rating at close to 85%.
With this in mind and the fact that there are some unlicensed people using

the device we must have a policy to help protect people from false positives or
false negatives.
We have a disclaimer, a waiver, and a medical referral procedure.
A disclaimer to explain the inherent inaccuracies of the system. A waiver to get
the patient to understand the real nature of the visit. And a medical referral to
question the possibility of contraindications and to get a medical doctor in th
loop for support. Copies of each are in the appendix.

Since this EPR can cascade and resonate, this bioresonance has
significance in biology. It can be used to correct and address certain issues of
health. This is the work started in bio-resonance in Germany years ago.
Biofeedback is also bioresonance as the feedback of a signal in a cybernetic
loop is feedback.
Biofeedback is bioresonance and bioresonance is biofeedback.

There are many areas of discussion we did not cover, but this intro is a start
of your education and development. Welcome to the path.

Well we’ve looked at the body electric, got introduced to QED, found
out about the volt-ammetric signature of a homeopathic versus that of a
patient, learned about rectification, Electro-Physiological Reactivity,
Xrroid, cybernetic loop, Bioresonance as biofeedback, basic electricity,
and it’s fields. So we now are introduced to a more advanced form of
medicine. A truly modern modern medicine. Of course this medicine is
drug free and this fact leads to malicious attacks on all involved with
the technology.
I was able to register this system with the FDA in 1989. I was able
to beat the FDA and get the acupuncture needle registered in 1996.
Now the forces of the natural medicine haters in the FDA are attacking
me again in 2008. A modern day witch hunt. Can God do what he has
done before? Time will tell. God will determine the result. But God
needs help.
It takes massive courage to remain steadfast. The man who left
America to find freedom, who is no longer a man. When a man sees

a wrong and does not correct it he is no longer a man. Well I
guess I am a man after all. Because this man will not back down.
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The Scientific Proof of Non-Locality
edited by William Nelson Prof. Emeritus IMUNE
The Einstein-Podolsky-Rosen Paradox
and Bell's Theorem
" It is an illusion we are all separate, the universe at one mathematical level is
still one. It is our job as humans to expand our circle of compassion to include all
things" ,
“One can escape from this conclusion only by either assuming that the
measurement of B (telepathically) changes the real situation at G or by denying
independent real situations as such to things which are spatially separated from
each other. Both alternatives appear to me entirely unacceptable. Non-Locality is
an ever increasingly undeniable aspect of science”
Albert Einstein
“There is no such thing as noise, but only quantic shared information we do not
understand. Such is the Nature of the universe that there is a shared subspace
dimension of all regular matter that generates non-locality" ,
" The universe at one mathematical subspace level is still one. It is our job as
humans to expand our circle of compassion to include all things, and our circle of
compassion must begin with ourselfs. We must learn to forgive ourselfs, forgive
others, and forgive God before we can expand our minds through expansion of
our compassion"
William Nelson
In our movie and treatise on the PROOF, we established 8 steps pf proof for the
non-local universe. Here they are again. Bell's theore is but just #5.
Proof Of the Powers of The Mind
The most important argument in the world of science today is the clash between
the people that believe in a Non-Local Universe versus those that believe in a Local
Universe.
Local people believe in the direct push pull, cause and effect action, and they do
not believe in the power of the mind to effect things at a distance without a direct
connection. They look for repeatability and worship statistics.
Non-Local believers see a universe where there is prayer, spirit, a collective
unconscious and a connection of all things . They know that there is a power of the mind
to effect things and a level of connection of all things.
The Steps of the Proof are :
Step 1. The test of time: Humans have always felt the connection of mind and spirit.
Every race of people and every tribe has had those who have greater abilities to use
these powers of the mind. They know that there is a subtle but undeniable force of

connection.
The Bible, Koran, Bagavad Gita, the analects, and all of the religious beliefs are
filled with every page referencing the power of spirit, prayer, faith, hope and God.
This belief is Ageless , Universal, and Omnipresent. The test of time is met and if
we had a vote on the conflict of Non-Local versus Local there would be landslide 99.9%
for a Non-Local universe.
Step 2. Quantum Theory : Physicists were shocked when they found that a very small
quantic experiment could be influenced by the observer. This was called the observer
effect and thus the world of science was changed forever when the Observer Effect
was PROVED!!!!!.
Step 3.Medicine’s Paranoiac need for Double Blind. Medicine was shocked when
they discovered the placebo effect. The mind of the researcher was able to effect the
results of an experiment. The mind of a doctor can effect the patient. The mind of a
patient can effect himself.From then on a double blind experiment was required. Proof of
the powers of the mind.
Step 4. Fractal Complexity: What we do not know is so vast that it should be humbling.
Fractal complexity has shown that reductionism is now no longer a valid process of
examining complex situations. Non-Linear chaos mathematics are needed. When we
use this type of analysis we can see that a small change might produce a large
change. This is known as the ‘Butterfly Effect” and it allows for the powers of the mind.
Step 5. Bell’s Theorem. This basic theorem of Quantum Electro Dynamics has
shown that twin photons can have instantaneous effects on each other even when light
years apart. This has been PROVED theoretically and experimentally to the utmost level
of science.
Step 6 . PEAR.= Princeton’s Engineering Anomalies Research :. After over a
decade of research on the effects of the mind in a prestigious American university
Princeton, there is undeniable proof of the power of the mind to effect things. The
evidence is astounding for it’s quality and quantity and is without doubt PROOF. See the
PEAR studies.
Step 7. The disbelievers always get test results that deny the proof: The
hypothesis of our theory is that the mind can effect things. This means that those who
disbelieve or scoff at the theory will only be able to get tests results that confirm there
own disbelief. Why is it that when a researcher does a study that it usually confirms his
original belief is because there is an effect of the mind.
Step 8. The resistance to accepting the powers of the mind is great, in fact it is
too great. The resistance is so incredibly great that it becomes PROOF : There
appears that this resistance comes from such closed minded people and often
psychologically unstable people. These critics will often shake and flush and get over
compassionate in their attempt to dispel the powers of the mind. Their actions and
reactions are so contrived and insecure that they cause wonder that perhaps there is an
ulterior motive. Is there perhaps a plan to keep the powers of the mind away from the
general public.

This study will now more fully discuss Bell's Theorem.
The basis of Bell's theorem is this: if no local model of reality can explain
the results of any particular experiment.: then reality is non-local, if there

is non-locality anywhere then there is some nonlocality everywhere . To
prove that white crows exist we only have to produce one white crow. All of the
black crows are not proof that white crows do not exist. All we need is one. with
non-locality it is even more of the same, because if there is non-locality
somewhere then there is some non-locality everywhere. Just how much is the
part of the mystery of life.
Before we study what "non-locality" means, let's take a look at this particular
experiment, called the EPR experiment (Einstein-Podolsky-Rosen Paradox),
which is the factual basis for Bell's fantastic result. Like so many other
innovations in twentieth-century physics, the EPR experiment was conceived by
Albert Einstein.
Although he helped put it together, Einstein was never satisfied with quantum
theory. He didn't like its intrinsic randomness ("I cannot believe that God plays
dice with the universe"), but most of all he disliked the fact that quantum theory
(as interpreted by Bohr and Heisenberg) implies that reality is observer-created. "I
cannot imagine," Einstein once said, but as Nelson has said "What if God is the
Dice? What if God is in the indeterminancy? Could this indeterminancy be the
subspace? Could God be the subspace glue that penetrates the essence of the
universe? Answer to all : Yes"
Albert Einstein

Nathan Rosen
"that a mouse could drastically change the universe by merely looking at it."

Einstein accused Bohr and Heisenberg of attempting to restore man (and mouse)
to the center of the cosmos from which Copernicus had ousted them nearly five
hundred years ago. "The belief in an external world independent of the perceiving
subject," Einstein maintained, "is the basis of all natural science." But man (and
mouse) are the center of their own cosmos, relativity revisited, or at least
the maximum twist of relativity.
Bohr responded by comparing Einstein to the critics of his own relativity theory.
He pointed out that thanks to Einstein's work, physicists have come to realize that
space and time are not absolute but relative to an observer's state of motion. In
quantum theory we simply take this way of thinking one step further and
recognize that reality itself (or at least its dynamic attributes) is also
observer-dependent. Why did Einstein find it so difficult, Bohr wondered, to
accept this natural extension of his own ideas?
"A good joke should not be repeated twice," Einstein quipped.
Niels Bohr and Albert Einstein debated the quantum reality question for as long
as they lived: Einstein failed in his attempts to assault quantum theory head
on, and reluctantly agreed with Bohr that quantum theory describes
correctly all presently conceivable experiments—a conclusion that remains
uncontested today. Einstein resorted instead to criticizing quantum theory on
the grounds that it is incomplete.
Quantum theory may be sufficient to explain experiments, Einstein confessed,
but experiments are only part of what goes on in the world. Because quantum
theory makes only statistical predictions, it cannot help but leave out certain
"elements of reality" which a more adequate theory of the world must include.
Niels Bohr, on the other hand, claimed that although quantum theory does give
only statistical predictions, it is still complete. Quantum theory's indefiniteness is a
virtue, not a weakness, because it corresponds to an indefiniteness that actually
exists in the world. It is foolish to seek a precise description of an imprecise
world; such misplaced precision is bound to miss the mark.
Einstein put forth his best argument for quantum theory's incompleteness in the
form of a thought experiment involving two correlated quons. He devised this
experiment at Princeton in 1935 with the help of two American physicists: Boris
Podolsky, originally from southern Russia, and Brooklyn-born Nathan Rosen. The
original Einstein, Podolsky, and Rosen (EPR) experiment concerned two
momentum-correlated electrons, but physicists today repeat EPR's argument
using David Bohm's conceptually simpler experiment involving two
polarization-correlated photons.
If we compare a light beam to a series of balls (photons) thrown by a baseball
pitcher. The two-valued photon polarization attribute was compared to a batter
holding his bat at a certain angle 0 and getting either a hit or a miss. In the
laboratory, photon polarization is measured with a calcite crystal which splits a
light beam into up and down channels depending on whether its photons are
polarized along or across the calcite's optic axis.

The EPR experiment is only slightly more complicated than this two-man ball
game. The EPR source emits pairs of photons (Green and Blue) which travel in
opposite directions to two distant detectors (also labeled Green and Blue) where
their polarization P(¢) at a particular angle 0 can be measured. To visualize this
EPR arrangement we imagine a pitcher who throws two balls at a time. First he
throws a Green ball to home plate; then, without breaking rhythm, he turns and
fires a Blue ball to second base where a second batter is waiting.
As in the previous game, the batters at home and at second can each
measure the "polarization" of the baseball by holding their bats at a particular
angle. A hit shows the ball to be polarized at the bat angle; a miss means
polarization at right angles to the bat.
The pitcher fires off a pair of balls, rests for a moment, then throws another
pair. For each pair of balls, the Green player measures his Green ball's
polarization at some Green angle, while the Blue player measures her Blue
ball's polarization at some Blue angle. To understand the EPR experiment, it's
not necessary actually to know what polarization really is —what polarization
"really is" is a mystery to physicists too—but only the particular results of each
pair of polarization measurements. Encoded in the pattern of these results is the
gist of the EPR paradox as well as the core of Bell's theorem.
The EPR photon pairs are pitched in a special way; they come out of the light
source in a particular phase-entangled state called the "state of parallel
polarization." Because their phases are entangled with each other, each
photon's phase depends on what the other photon is doing. Consequently,
neither photon by itself is represented by a definite waveform; hence (according
to quantum theory) neither photon possesses a definite polarization.
Observationally, not possessing a definite polarization means that no
measurement of polarization will always give the same result. In fact, for this
particular two-photon state the Green light and the Blue light are completely
unpolarized—the maximum indefiniteness possible for a two-valued attribute. For
each photon at any angle 0, a polarization measurement P(~) gives 50 percent
up/50 percent down, results which occur at random, like flipping a coin.
Although each photon by itself does not possess a definite proxy wave, the
two-photon state as a whole is represented by a definite wave, which means that
certain two-particle attributes (which belong to the Green and Blue photon
together) have a definite value. For photons in the state of parallel polarization,
one such definite attribute is the photons' paired polarization.
To measure paired polarization P P * , at a particular angle 0, set both Green
and Blue calcites at the same angle ˘ and look at their polarization values (up or
down). Like polarization itself, the PP attribute can take two possible values:
either both photons have the same P (match) or they have opposite P (miss).
Both quantum theory and quantum fact agree that for photons in the parallel
polarization state, PP(() at all angles 0, always has the same value, namely
match. This means that if you measure the Green polarization at angle 0 and the

Blue polarization at the same angle, both polarizations are always the same.
Furthermore the P of C will be the same as the P of B no matter how far apart the
photons fly or which polarization happens to be measured first. For instance, you
can measure the polarization of the Green photon immediately after it leaves the
source and measure the Blue photon a year later (when it is one light year away
from its source): the polarizations of both photons will be identical.
According to quantum theory, in the state of parallel polarization each photon
by itself has no definite P. However, the PP of C and B together is definite: it's
match in every direction. The polarization attributes of unmeasured photons in
this state resemble the attributes of identical twins before conception. Each twin's
attributes (sex, hair color, and so forth) are undecided but the status of their
paired attributes is already known: the same for both. For this reason I call the
state of parallel subspace polarization "the twin state.”
In terms of the two baseball players, the results of a long series of plays
against a pitcher who always throws pairs of balls in the twin state is this:
I.
At no matter what angle ø either player holds the bat, he/she always
gets a 50-50 mixture of hits and misses;
II.
If both players agree beforehand to hold their bats at the same angle
(I call this move "measuring the PPO attribute), whatever happens
to one player's ball (hit or miss) also happens to the other player's
ball.
III. shared subspace interaction allows for a non-locality, "what God
hath joined together let no man set apart"

QUANTUM THEORY AS A PARTIAL OR COMPLETE
DESCRIPTION OF REALITY
"Obstacles occur only in the Mind"

Helen Keller

One difference between human twins and a pair of photons in the twin state is
that before conception the human twins are nonexistent, while before
measurement the photons already exist. We know that they were emitted at a
certain time from their source and are traveling with a certain velocity toward their
respective detectors.
For a pair of photons in the twin state, Einstein asked the question, "Is the P of
photon G, after it's emitted but before it's actually measured, truly indefinite as
Bohr's interpretation of quantum theory requires, or is it, like identical twins in the
womb, really definite but unknown?" In other words, "Is our uncertainty
concerning the unobserved polarizations a mat-ter of quantum or classical
ignorance?”
According to Bohr, the P of photon C does not even exist before we measure it.
G's so-called attributes belong not to the photon itself but reside partly in "the
entire experimental arrangement." Like the position of a rainbow, polarization is a

relational attribute and does not come into existence until Green observer decides
how he will deploy his apparatus at location G (and possibly elsewhere as well).
It's nonsense to suppose that before a measurement, photon G has some definite
polarization. Einstein argues that, on the contrary, not only does photon G have a
definite P in some direction, it has a definite P in every direction.
To dramatize the difference between Bohr and Einstein, let's imagine that Blue
player moves closer to the mound so that she gets her Blue ball before Green
player gets his. Suppose she holds her bat at zero degrees (vertically) and gets a
hit, which means that her photon is V-polarized. We now switch our camera to
home plate where the spirits of Bohr and Einstein are discussing the reality status
of the as-yet-to-be measured Green photon presently hurtling toward the Green
batter at the speed of light. To allow the great men time for debate, we imagine
the usual passage of time to be temporarily suspended.
BOHR: When I say that quantum theory is "complete," I mean that QT says
everything that can possibly be said about the reality of that Green photon. If it's
not in the theory, it's not in the photon either.
EINSTEIN: If complete, What, then, does quantum theory say about this Green
photon now approaching the Green batter?
BOHR: In the first place, given that Blue's already measured a V photon, coupled
with the fact that this pitcher throws nothing but twin-state photon pairs, quantum
theory predicts that if Green chooses to hold his bat vertically, he will certainly get
a hit; furthermore it also predicts that if he holds his bat horizontally, he will
certainly get miss.
EINSTEIN: I agree with you concerning what quantum theory predicts if Green
makes either a horizontal or a vertical polarization measurement. Now, what is
supposed to happen if Green holds his bat at some other angle?
BOHR: For Green bat angles other than zero or ninety degrees, quantum theory
gives no certain results, but only the relative probability of a hit. For instance, if
Green should hold his bat at 45 degrees, the odds are 50-50 that he will get a hit.
EINSTEIN: Yes. Quantum theory indeed gives only statistical predictions for
intermediate angles. We seem to agree concerning the predictions of the theory
and about the facts of the matter—namely, that quantum theory has never made
a single incorrect prediction. We agree, as Kant would have put it, about the
appearances and about the theory. But what, my dear Bohr, are you willing to say
about the reality of this particular Green photon magically suspended before us?
BOHR: Because I believe that quantum theory describes all physical situations

completely, I must say that before it is actually measured, this photon really has a
definite polarization only in the V and H directions, but no others. To speak of a
definite polarization in any other directions would be to talk nonsense. Thus I say
that, in reality, this Green photon does not possess polarization attributes except
perhaps at these exceptional angles.
Even at these special angles, for which quantum theory gives certain results, I am
not entirely convinced that these results represent a definite attribute belonging
solely to the photon. I believe that all attributes are joint creations of photon and
measuring device and do not belong to one or the other.
EINSTEIN: Concerning this matter of completeness…As you know, my friend, I
cannot refute your opinion that quantum theory is a complete theory of
phenomena: it indeed seems to describe correctly the results of every experiment
my poor head has been able to imagine. But I do not share your faith that
quantum theory is a complete theory of reality . I believe that certain elements of
reality exist in the world that are not described by the quantum formalism. In the
case of this Green photon, for example, I say that it possesses a definite
polarization attribute for every possible angle, not just for the V and H directions.
BOHR: No, my friend, you are mistaken. Except perhaps in certain special
situations where the outcome is not a matter of chance—such as the V and II
directions in this case—the photon's polarization is a joint production of the entire
experimental arrangement, and does not inhere in the photon by itself
independent of a particular measurement context.
EINSTEIN: Forgive me, Bohr, but I have never been able to understand your
subtle reasoning in this matter. Indeed, for situations like this twin-state baseball
game, I have, with my colleagues Podolsky and Rosen, devised a simple
argument which convinces us that this Green photon hovering in front of us
possesses a definite (but unknown) polarization attribute at every angle. Permit
me to show you this argument.
Our reasoning depends on a certain plausible assumption, which physicists
nowadays call "the locality assumption": we assume that the real factual situation
of the Green photon, after it's left the source, is not affected by how the Blue
player chooses to hold her bat. In other words, we assume that Blue's batting
stance does not affect the Green photon. This supposition seems reasonable
since both photons are traveling in opposite directions at the speed of light.
Therefore one photon cannot learn about the other's measurement situation
except via signals that travel faster than light.
BOHR: I am suspicious of this locality assumption but please continue.
EINSTEIN: Here is our argument. For this present situation, Blue chose to hold
her bat vertically and she got a hit. But if she had held her bat at some other

angle, say 45 degrees, she would also have measured some-thing, either a hit or
a miss, we do not know which. Because this photon pair is in the twin state we
know that Green photon would be obliged to show the same polarization that
Blue got at 45 degrees. In like manner Blue could have held her bat at any angle
X and measured a certain polarization; Green photon is compelled to have an
identical polarization at angle X.
If Green photon must have a definite polarization for each Blue measurement
choice, and if (by the locality assumption) Blue's measurement choice does not
physically affect the Green photon, then the Green photon must already possess a
definite polarization for each angle—polarizations that exist regardless of Blue's
actual choice.
Thus we believe we have shown that before it strikes the Green bat, this Green
photon has already "made up its mind" as to how it will act no matter how Green
might choose to hold his bat. This Green photon must possess a sort of hit/miss
list which tells it what to do for every bat angle. Quantum theory, on the other
hand, certainly does not recognize any such list: except for the N and V
directions, it considers these results to be "random," utterly unknown except in a
probabilistic sense. Quantum theory is therefore "incomplete" because it leaves
out some attributes—this hit/miss list, for example—which this photon seems to
possess.
BOHR: Your argument is clever but I cannot accept your conclusion. Of course
there is no question of any mechanical influence traveling from Blue's bat to the
Green photon, but there is essentially the question of an influence on the very
conditions which define the possible types of predictions regarding the future
behavior of the Green light.
EINSTEIN: Yes, I remember your making that very statement in 1935 in response
to our original EPR paper. I did not understand it then, and despite considerable
effort, I must confess that I still cannot grasp the subtlety of your thought on this
matter.
Since the author seems to have frozen our intellects, like that time-suspended
Green photon out there, into our ancient philosophical positions, I will answer
your old quote with two of my own which sum up my thinking on the EPR
experiment:
"We are forced (via the EPR argument) to conclude that the quantum-mechanical
description of physical reality given by wave functions is not complete”.
"One can escape from this conclusion only by either assuming that the
measurement of B (telepathically) changes the real situation at C, or by denying
independent real situations as such to things which are spatially separated. Both
alternatives appear to me entirely unacceptable”.
Bohr, Einstein, and numerous other thinkers struggled with the EPR paradox but
no generally acceptable solution could be found until Bell focused attention on the

fragility of the locality assumption. Let's take a closer look at this locality
assumption so essential to the argument of Einstein, Podolsky, and Rosen.

LOCALITY ASSUMPTION
"Circumstances are like objects, they are not alive, you bring life to them"

Nelson

The locality assumption does not mean that what happens at the Green bat has
nothing to do with what happens at the Blue bat. Since the photons are correlated
at the light source, the results at the Green and Blue measurement sites will
likewise be correlated. What locality means is that no action on Blue's part (as
she detects her Blue photon) can affect what Green player sees (when he detects
his Green photon). Locality means that what happens at home plate is unaffected
by how Blue holds her bat at second base.
The locality assumption is necessary to EPR's argument because al-though Blue
observer could have made any polarization measurement she pleased, she can
in fact (for a single photon) make only one, because photon polarizations at
different angles are incompatible attributes.
As a homely example of EPR's reasoning, consider a shop (Enrico's Pizza Reale)
which sells three different pizzas: Sicilian, Milanese, and Neapolitan. Whenever
you order a pizza from Enrico's it arrives at your door in ten minutes. Since a
pizza takes thirty minutes to bake, you know that the pizza you ordered must
have been ready when you phoned.
Suppose you order a pizza of your choice each night (but you can only
afford one), and it's always delivered in ten minutes. Can you conclude that
Enrico keeps on hand all three kinds of pizza?
Not without a kind of locality assumption. You have to assume that Enrico has no
way of knowing what kind of pizza you are going to order that night. If he can
discover your choice beforehand, he need keep only one pizza hot.
Your nightly freedom of choice plus the (no pizza spies) "locality assumption"
allows you to infer, on the basis of a series of one-pizza observations, that Enrico
in reality keeps all three pizzas ready to go each night. The argument for
preexisting polarizations is the same as for preexisting pizzas. Blue player's
freedom to choose her single P measurement plus the locality assumption allows
EPR to infer that all polarizations must be simultaneously present in the Green
photon (in the form of a hit/miss list) before Green player makes his
measurement.
Hence, in the twin state, photon C already secretly knows how it will respond to
any polarization measurement that Green player might care to make upon it.
According to EPR's argument, Green photon's polarization attribute is not
indefinite at all. Green photon's hit/miss list specifies its polarization at all
measurement angles.

Bohr asserts that photon C, before it's measured, is in an indefinite state of
polarization: quantum theory does not recognize any such hit/ miss list. But
Einstein, Podolsky, and Rosen can prove that such a list exists in nature. Hence
according to EPR, quantum theory is necessarily incomplete.
It is important to realize what EPR did not do: Einstein, Podolsky, and Rosen did
not find an experimental situation where quantum theory is factually wrong. What
EPR discovered was a simple logical argument (based on the experimental fact
of perfect polarization correlation in a certain two-photon system) that indirectly
demonstrates the existence of photon attributes which quantum theory fails to
take into account. EPR then ask, "If quantum theory is a complete theory of
reality, why does it omit these attributes?”
What's at stake here is not whether quantum theory is a complete theory of
phenomena (accounting correctly for all presently conceivable measurements)
but whether it is a complete theory of reality (accounting correctly for whatever
exists whether measurable or not). Many "refutations" of the EPR argument
consist merely of demonstrating that quantum theory describes correctly all
twin-state polarization measurements. EPR do not contest quantum theory's
competence to describe phenomena; Einstein, Podolsky, and Rosen claim,
however, to have demonstrated the existence of certain "elements of reality" (in
Einstein's words), parts of the world not directly observable which quantum
theory simply leaves out.
The EPR proof gives those who believe that what's real is only what can be
observed an opportunity to put their convictions to the test. For such no-nonsense
realists, the argument of EPR which purports to demonstrate the existence of an
extra-observational reality must be mistaken. However, even those convinced
beforehand of EPR's error found it surprisingly difficult to point out the fallacy in
their reasoning. Hundreds of papers were published on the "EPR paradox." For
thirty years physicists and philosophers beat their heads against this proof
without either refuting EPR's logic or shedding further light on EPR's alleged
"elements of reality.
In 1964 the long-standing EPR stalemate was broken by the efforts of theorist
John Bell.
The basis of Bell's theorem is this: if no local model of reality can explain
the results of any particular experiment.: then reality is non-local, if there
is non-locality anywhere then there is nonlocality everywhere

Bell’s Interconnectedness
Theorem
“Contagious magic is based upon the assumption that substances which were
once joined together possess a continuing linkage; thus an act carried out upon a

smaller unit will affect the larger unit even though they are physically separate”.
Sir James Frazer
John Stewart Bell was born and grew up in Belfast, Northern Ireland. He is now a
theoretical physicist at CERN (a large accelerator center in Geneva financed by
Western European countries) where he specializes in elementary particle
physics. In 1964, while on sabbatical leave from CERN, Bell decided to
investigate the quantum reality question, which had fascinated him since his
undergraduate days.
Bell began by looking at von Neumann's proof, which demonstrates the
impossibility of neorealism. According to von Neumann, the world cannot be
made of ordinary objects, which possess dynamic attributes of their own. Bell
discovered that although this proof excludes objects whose attributes combine in
"reasonable ways," it does not forbid objects which can change their attributes in
response to their environment. This loophole in von Neumann's proof is what
allows Bohm, de Broglie, and other neorealists to build explicit
ordinary-object-based models of quantum reality: all these models contain objects
whose attributes are context-sensitive.
While preparing a review article on von Neumann's proof, Bell became interested
in impossibility proofs in genera) and wondered whether a proof could be
constructed which would conclusively exclude any model of reality that
possessed certain physical characteristics. Bell himself managed to devise such
a proof which rejects all models of reality possessing the property of "locality."
This proof has since become known as Bell's theorem. It asserts that no local
model of reality can underlie the quantum facts. Bell's theorem says that reality
must be non-local.
In a letter to the author, John Bell recalls his discovery: "I had for long been
fascinated by EPR. Was there a paradox or not? I was deeply impressed by
Einstein's reservations about quantum mechanics and his views of it as an
incomplete theory. For several reasons the time was ripe for me to tackle the
problem head on. The result was the reverse of what I had hoped. But I was
delighted—in a region of wooliness and obscurity to have come upon something
hard and clear”.
The structure of Bell's proof is as follows. For a certain class of twoquon
experiments (the EPR experiment and its variations), Bell assumes that a
local reality exists. With a bit of arithmetic he shows that this locality
assumption leads directly to a certain inequality (Bell's inequality) which
the experimental results must satisfy. Whenever these experiments are
done, they violate Bell's inequality. Hence the local-reality assumption is
mistaken. Conclusion: any reality that underlies the EPR experiment must
be non-local.

WHAT IS A LOCAL INTERACTION?
"It is not the situation, but whether we react negatively or respond positively to the
situation that is important" Zig Ziglar
The essence of a local interaction is direct contact—as basic as a punch in the
nose. Body A affects body B locally when it either touches B or touches
something else that touches B. A gear train is a typical local mechanism. Motion
passes from one gear wheel to another in an unbroken chain. Break the chain by
taking out a single gear and the movement cannot continue. Without something
there to mediate it, a local interaction cannot cross a gap.
On the other hand, the essence of non-locality is unmediated action-at
a-distance. A non-local interaction jumps from body A to body B without touching
anything in between. Voodoo injury is an example of a non-local interaction.
When a voodoo practitioner sticks a pin in her doll, the distant target is
(supposedly) instantly wounded, although nothing actually travels from doll to
victim. Believers in voodoo claim that an action here causes an effect there;
that's all there is to it. Without benefit of mediation, a non-local interaction
effortlessly flashes across the void.
The unruly nature of unmediated action has moved physicists from Galileo to
Cell-Mann to unanimously reject non-local interactions as a basis for explaining
what goes on in the world. No one has so vehemently expressed physicists'
distaste for non-local interactions as Sir Isaac New-ton:
"That one body may act upon another at a distance through a vacuum without the
mediation of anything else . . is to me so great an absurdity, that I believe no
man, who has in philosophical matters a competent faculty for thinking, can ever
fall into”.
Given his antipathy for non-local forces, Newton was somewhat embarrassed by
his own theory of gravity. If a non-local force is "so great an absurdity," how does
the sun's gravity manage to cross millions of miles of empty space to hold the
Earth in its orbit? Concerning the actual nature of gravity, Newton wisely held his
tongue. "Hypotheses non lingo," he declared. "I frame no hypotheses”.
Newton's faith in strictly local forces was vindicated by his successors, who
explained gravity in terms of the field concept. The space between the sun and
Earth is not empty, today's physicists say: it's filled with a gravitational field which
exerts a force on any body it touches. The mod-ern field concept allows us to
regard gravity as a strictly local interaction even though it acts across vast
reaches of space. The sun's mass produces a gravity field; this field pulls on the
Earth and mediates the sun-Earth interaction.
Physicists today share Newton's belief that the world is tied together by strictly

local connections. All presently known interactions can be explained in terms of
only four fundamental forces (strong, weak, electromagnetic, and gravitational). In
every case these forces act as if they are mediated by fields. Since quantum
theory has blurred the once sharp distinction between particle and field (both are
quantumstuff now) we can equally well say these local forces are mediated by the
exchange of particles. Thus the sun attracts the Earth (and vice versa) via the
gravity field or via an exchange of gravitons (the particle aspect of the gravity
field). In actuality gravity (as is true for the other three fundamental forces as
well) is carried neither by particle or field but by something that partakes of both,
an innately quantum go-between whose mediation makes every one of nature's
forces strictly local.
Although the concept of locality does not strictly demand it, most forces diminish
in strength as you move away from their source. It is conceivable that a local
force might stay constant or even increase with distance from its source (the
force of a stretched spring, for instance increases with distance). The big four
forces that hold the world together happen, however, all to decrease with
distance—gravity and electromagne tism diminish as the inverse square; the
strong and weak forces fall of considerably faster.
The toughest limitation on a local interaction is how fast it can travel When you
move an object A, you stretch its attached field. This fielc distorts first near
object A, then the field warp moves off to distant re gions. Einstein's special
theory of relativity restricts the velocity of thi: field deformation to light speed or
below. According to Einstein, no mate vial object can travel faster than light; not
even the less material field war' can travel so fast.
Non-local influences, if they existed, would not be mediated by fields o by
anything else. When A connects to B non-locally, nothing crosses thl intervening
space, hence no amount of interposed matter can shield thi interaction.
Non-local influences do not diminish with distance. They are as poten at a
million miles as at a millimeter.
Non-local influences act instantaneously. The speed of their transmit sion is not
limited by the velocity of light.
A non-local interaction links up one location with another withou crossing space,
without decay, and without delay. A non-local interactioi is, in short, unmediated,
unmitigated, and immediate.
Despite physicists' traditional rejection of non-local interactions, de spite the fact
that all known forces are incontestably local, despite Eir stein's prohibition
against superluminal connections, and despite the fac that no experiment has
ever shown a single case of unmediated faster than-light communication, Bell
maintains that the world is filled wit innumerable non-local influences.
Furthermore these unmediated tonne( tions are present not only in rare and
exotic circumstances, but underlie a
the events of everyday life. Non-local connections are ubiquitous because
reality itself is non-local.

Not all physicists believe Bell's proof to be an airtight demonstration of the
necessary existence of non-local connections. But the alternatives these
critics offer instead seem to me to be generally obscure and/or
preposterous, Some physicists will go so far as to actually "deny reality
itself" rather than accept Bell's audacious conclusion that quantum reality
must be non-local.

BELL PROVED REALITY CANNOT BE LOCAL
"Before you change your thinking you must change what goes into your mind"
Zig Ziglar
To understand the import of Bell's theorem and the arguments of his critics, it's
necessary to look at Bell's proof in some detail. Fortunately Bell's theorem is
easier to prove than the Pythagorean theorem taught in every high school. The
simplicity of Bell's proof opens it to everyone, not just physicists and
mathematicians.
Bell's proof is based on the same EPR experiment used by Einstein, Podolsky,
and Rosen to demonstrate the existence of hidden "elements of reality" which
quantum theory neglects to describe. The "EPR paradox" consists of the fact that
for thirty years physicists have neither been able to refute EPR's argument nor
shed further light on EPR's alleged "elements of reality”.
The EPR experiment involves a source of light which produces pairs of photons
(Green and Blue) in the "twin state." These photons travel in opposite directions to
calcite detectors (G and B) which can measure their polarization attribute P(cb) at
some angle O. In the twin state each beam by itself appears completely
unpolarized—an unpredictably random 50-50 mixture of ups and downs at
whatever angle you choose to measure.
Though separately unpolarized, each photon's polarization is perfectly correlated
with its partner's. If you measure the P of both photons at the same angle (a
two-photon attribute I call paired polarization), these polarizations always match.
For his proof, Bell considers another two-photon attribute called polarization
correlation (PC) which can be measured on these photons. Attribute PC is
measured the same way as attribute PP except that the calcites are set not at the
same but at different angles. To measure PC(Ө), set Green calcite at a particular
angle øG and Blue calcite at angle øB. Now compare Green and Blue polarizations
for each pair of photons. If these

PS are the same (both up or both down), call this a match; if opposites, call this a
miss. Angle Ө is the angle between the two calcites, namely Ө= øG - øB.

For photons in the twin state, quantum theory predicts that P C (øG - øB) depends
only on the relative angle Ө between calcites and is independent of the separate
settings øG and øB. Thus if the angle of the Green calcite differs by 30° (in either
direction) from that of the Blue calcite, the value of PC(30) will be the same, no
matter how Green and Blue happen to be tilted. The fact that PC(Ө) depends
only on the difference between the two calcites has been amply verified by
experiment.
For each angle Ө between calcites, a PC measurement asks for the fraction of
matches obtained in a long series of photon pairs. Thus PC = 1 means all
matches (no misses) while PC = 0 means no matches (all misses). Bell's
theorem is concerned with how this match fraction changes as we vary the angle
between calcites from zero to ninety degrees.
For our previous discussion of the twin state, we already know the value of PC at
zero and ninety degrees. At a calcite separation of zero degrees, PC = 1. When
both calcites are set at the same angle, a PC measurement is identical to what

I've called a PP measurement, which for the twin state yields a 100 percent
match at all angles.
At a calcite separation of ninety degrees, PC = 0. When a calcite is turned
through a right angle, its photon-sorting operation is merely re-versed: its up
channel passes downs and vice versa. At ninety degrees a P meter behaves like
the same P meter at zero degrees with its outputs relabeled. This calcite channel
reversal plus the perfect correlation at zero degrees leads to a perfect
anti-correlation when the calcite axes differ by ninety degrees.
At zero degrees, PC = 1; at ninety degrees, PC = 0. In between, PC varies
between 1 and 0 as the angle between calcites swings from zero to ninety
degrees. The meat of Bell's proof is the actual shape of this variation.
To dramatize what's happening in this EPR experiment, imagine that Green
detector is on Earth, and Blue detector is on Betelgeuse (540 light-years away)
while twin-state correlated light is coming from a spaceship parked halfway in
between. Although in its laboratory versions the EPR experiment spans only a
room-size distance, the immense dimensions of this thought experiment remind
us that, in principle, photon correlations don't depend on distance.
The spaceship acts as a kind of interstellar lighthouse directing a Green light
beam to Earth, a Blue light beam to Betelgeuse in the opposite direction. Forget
for the moment that Green and Blue detectors are measuring something called
“polarization” and regard their outputs as coded messages from the spaceship.
Two synchronized binary message sequences composed of ups and downs
emerge from calcite crystals 500 light-years apart. How these two messages
are connected is the concern of Bell's proof.
When both calcites are set at the same angle (say, twelve o'clock), then PC = 1.
Green polarization matches perfectly with Blue. Two typical synchronized
sequences of distant P measurements might look like this:
GREEN: U D U D D U D D D U U D U D D U
BLUE: U D U D D U D D D U U D U D D U
If we construe these polarization measurements as binary message sequences, then whenever the calcites are lined up, the Blue observer on
Betelgeuse gets the same message as the Green observer on Earth.
Since PC varies from 1 to 0 as we change the relative calcite angle, there will
be some angle a at which PC = 3/4. At this angle, for every four photon pairs,
the number of matches (on the average) is three while the number of misses is
one. At this particular calcite separation, a sequence of P measurements might
look like this:
GREEN: U D D D D U D D D U D D U D D U
BLUE: U D U D D D U D D U U D U D D U

At angle a, the messages received by Green and Blue are not the same but
contain "errors"—G's message differs from B's message by one miss in every
four marks.
Now we are ready to demonstrate Bell's proof. Watch closely; this proof is so
short that it goes by fast. Align the calcites at twelve o'clock. Observe that the
messages are identical. Move the Green calcite by a degrees. Note that the
messages are no longer the same but contain "errors"—one miss out of every
four marks. Move the Green calcite back to twelve and these errors disappear;
the messages are the same again. Whenever Green moves his calcite by a
degrees in either direction, we see the messages differ by one character out of
four. Moving the Green calcite hack to twelve noon restores the identity of the
two messages.
The same thing happens on Betelgeuse. With both calcites set at twelve noon,
messages are identical. When Blue moves her calcite by a degrees in either
direction, we see the messages differ by one part in four. Moving the Blue
calcite back to twelve noon restores the identity of the two messages.
Everything described so far concerns the results of certain correlation
experiments which can be verified in the laboratory. Now we make an assumption
about what might actually be going on—a supposition which cannot be directly
verified: the locality assumption, which is the core of Bell's proof.
We assume that turning the Blue calcite can change only the Blue message;
likewise turning the Green calcite can change only the Green message. This is
Bell's famous locality assumption. It is identical to the assumption Einstein made
in his EPR paradox: that Blue observer's acts cannot affect Green observer's
results. The locality assumption—that Blue's acts don't change Green's
code—seems entirely reasonable: how could an action on Betelgeuse change
what's happening right now on Earth? However, as we shall see, this
"reasonable" assumption leads immediately to an experimental prediction which
is contrary to fact. Let's see what this locality assumption forces us to conclude
about the outcome of possible experiments.
With both calcites originally set at twelve noon, turn Blue calcite by a degrees,
and at the same time turn Green calcite in the opposite direction by a degrees.
Now the calcites are misaligned by 2a degrees. What is the new error rate?
Since turning Blue calcite a degrees puts one miss in the Blue sequence (for
every four marks) and turning the Green calcite a degrees puts one miss in the
Green sequence, we might naively guess that when we turn both calcites we will
get exactly two misses per four marks. However, this guess ignores the possibility
that a "Blue error" might fall on the same mark as a "Green error"—a coincidence
which produces an apparent match and restores character identity. Taking into
account the possibility of such "error-correcting overlaps," we revise our error
estimate and predict that whenever the calcites are misaligned by 2a degrees,
the error rate will be two misses—or less.

This prediction is an example of a Bell inequality. This Bell inequality says: If the
error rate at angle a is I/a, then the error rate at twice this angle cannot be greater
than 2/4.
This Bell inequality follows from the locality assumption and makes a definite
prediction concerning the value of the PC attribute at a certain angle for photon
pairs in the twin state. It predicts that when the calcites are misaligned by 2a
degrees the difference between the Green and Blue polarization sequences will
not exceed two misses out of four marks. The quantum facts, however, say
otherwise. John Clauser and Stuart Freedman carried out this EPR experiment at
Berkeley and showed that a calcite separation of 2a degrees gives three misses
for every four marks—a quite substantial violation of the Bell inequality.
Clauser's experiment conclusively violates the Bell inequality. Hence one of the
assumptions that went into its derivation must be false. But Bell's argument uses
mainly facts that can be verified—photon PCs at particular angles. The only
assumption not experimentally accessible is the locality assumption. Since it
leads to a prediction that strongly disagrees with experimental results, this locality
assumption must be wrong. To save the appearances, we must deny locality.
Denying locality means accepting the conclusion that when Blue observer turns
her calcite on Betelgeuse she instantly changes some of Green's code on Earth.
In other words, locations B and C some five hundred light years apart are linked
somehow by a non-local interaction. This experimental refutation of the locality
assumption is the factual basis of Bell's theorem: no local reality can underlie the
results of the EPR experiment.
Einstein, Podolsky, and Rosen used the locality assumption to demonstrate the
existence of hidden "elements of reality" which quantum theory fails to take into
account. However, if Blue and Green observers are linked by a non-local
interaction, as the factual violation of the Bell inequality seems to imply, then
EPR's argument is invalid by virtue of a false premise. The failure of their
argument does not prove, of course, that no such "elements of reality" exist, but
only that one cannot make a case for their existence by using EPR's reasoning.
The logical necessity of non-local interactions resolves the EPR paradox (in Bell's
words) "in the way which Einstein would have liked the least”.
Reviewing the EPR paradox in his autobiography, Einstein reaffirmed his faith in
locality: "On one supposition we should, in my opinion, absolutely hold fast: the
real factual situation of the system (G) is independent of what is done with the
system (B) which is spatially separated from the former." Einstein did not live to
see Bell's proof and would certainly have been surprised by Bell's refutation of his
cherished postulate. But I think he would have welcomed the strange news Bell's
theorem brings us concerning the true nature of the quantum world. Bell's result
vindicates Einstein's intuition that something funny is going on in quantum-correlated two-particle states.
As in the case of the EPR paradox, it's important to realize what Bell did not do.
He did not discover an experimental situation in which non

local interactions are directly observed. Instead he invented a simple argument
based on experimental results that indirectly demonstrates the necessary
existence of non-local connections.

The phenomena displayed by photon pairs in the twin state are entirely local. The
only spin-space attribute accessible to Green observer is his Green photon
polarization P(c). This attribute is always 50—50 random (unpolarized) no matter
how Blue observer sets her calcite. Because what ever Blue does, Green can
detect no change in his own photon's polarization, Blue observer can send no
message—superluminal or otherwise from Betelgeuse to Earth via these
correlated photons.
However, if Bell's argument is correct, then the reality behind these seemingly
local phenomena not only might be, but must be non-local. It’s not the mere fact
of photon correlation that necessitates non-local connections, but the fact that
twin-state photons are correlated so strongly. Many situations can be
envisioned which show perfect correlation at Ө = 0 ° and perfect anti-correlation
at Ө = 90 °, but whose in-between correlation varies so as actually to satisfy
Bell's inequality. A few examples of such weakly correlated systems are shown
in Fig. 5. Weak correlations can always be explained by strictly local
interactions. On the other hand, strongly-correlated systems (such as Fig..4)
violate the Bell inequality; their parts are lore synchronized than they have any
right to be. To explain such highly operative behavior, no local model of reality
will suffice. Bell's theorem gives those who share Newton's belief that non-local
influences are "a great absurdity" an opportunity to put their convictions to the
test. For As loyal to locality, the argument of Bell which purports to demonstrate
le existence of hidden faster-than-light connections must be mistaken. Those
convinced beforehand of Bell's error should be highly motivated to discover the
fallacy in his reasoning. Later we will look at some recent tempts to invalidate
Bell's argument and to recover a strictly local world.
On the other hand, if Bell's reasoning is correct invisible non-local connections
must truly exist. Can we then devise means of making these connections
directly evident instead of relying on Bell's indirect argument? The possibility of
practical superluminal communication via the quantum connection has been a
possibility.
Bell proved his theorem for a particular two-photon system. What justification exists for
extending his conclusion (the reality underlying the EPR experiment must be non-local)
to the general case of everyday experience (the reality underlying everything must be
non-local)? To expand the scope of Bell’s argument we turn to quantum theory.

In quantum theory's formalism, what accounts for strong photon carte-in in the
twin state is phase entanglement. Whenever quantum system wets quantum
system B, their phases get mixed up. Part of A's proxy wave goes off with B's
wave and vice versa. Phase entanglement thereafter instantly connects any two
quons which have once interacted. Before Bell’s discovery, this strong quantum
connection had been recognized (especially by Schrodinger, who considered it
quantum theory's most distinctive feature) but regarded by physicists as a kind of
mathematical fiction with no roots in reality. Since Bell's theorem demands a

superluminal connection and quantum theory provides one—in the form of ubiquitous but presumably "fictitious" phase connections—perhaps these quantum
connections are not as fictitious as was once believed.

Since there is nothing that is not ultimately a quantum system, if the quantum
phase connection is "real," then it links all systems that have once interacted at
some time in the past—not just twin-state photons—into a single waveform
whose remotest parts are joined in a manner unmediated, unmitigated, and

immediate. The mechanism for this instant connectedness is not some invisible
field that stretches from one part to the next, but the fact that a bit of each part's
"being" is lodged in the other. Each quon leaves some of its "phase" in the other's
care, and this phase exchange connects them forever after. What phase
entanglement really is we may never know, but Bell's theorem tells us that it is no
limp mathematical fiction but a reality to be reckoned with.

CLAUSER’S EXPERIMENT
"Does it contain any abstract reasoning concerning quantity or number? No. Does
it contain any experimental reasoning concerning matter of fact and existence?
No. Commit it then to the flames: for it can contain nothing but sophistry and
illusion”. David Flume
In 1964, when Bell derived his inequality, no twin-state PC measurements existed
against which it could be tested. However, the calculation of twin-state
polarization is an elementary exercise in quantum theory. This calculation
predicts that PC(Ө) = cos2Ө, a correlation plotted as Fig. 4. The angle α at which
misses = 1/4 for cos2Ө is 30°. Bell's inequality consequently demands that the
number of misses at 2α (60° in this case) shall be no greater than 2/4. However,
at 60° this expression gives a miss fraction of 3/4. Since 3/4 is considerably
greater than 2/4, the theoretical expression PC = cos2Ө violates Bell's inequality.
This violation marks the twin state as a strongly correlated system—a pair of
entities linked tighter than any local reality can explain.
The fact that this calculated result violates Bell's inequality implies that any
system which obeys these quantum-theoretical predictions cannot be explained by a
local reality. Before Bell's discovery, one could still imagine that a local reality
lurked beneath the experimental facts; after 1964, one could blissfully believe in a
strictly local world only by hoping that quantum theory was wrong in its predictions
concerning photons in the twin state.
Since it challenges one of physicists' most cherished beliefs—that the world is
fundamentally local–one might have expected Bell's proof to explode like a
bombshell in the corridors of science. Instead, Bell's proof, published in an
obscure little journal, was largely ignored even by those physicists who managed
to find out about it.
Most physicists are not impressed by Bell's proof because it deals with reality, not
phenomena. The majority of physicists are phenomenalists—whose professional
world is circumscribed by phenomena and mathematics. A phenomenalist
perceives science as advancing in two directions: 1. new experiments uncover
novel phenomena; 2. new mathematics explain or predict phenomena in original
ways. Since it proposes no new experiments and derives no new
phenomena-relevant mathematics, but merely puts certain constraints on an
invisible reality, Bell's proof lies outside the fashionable formula for success in
science and is generally dismissed by scientists as "mere philosophy”.
Physicists' cool reception of Bell's proof is reminiscent of David Flume's famous
prescription for separating truth from nonsense: "Does it contain any abstract
reasoning concerning quantity or number? No. Does it contain any experimental
reasoning concerning matter of fact and existence? No. Commit it then to the
flames: for it can contain nothing but sophistry and illusion”.

In the midst of this climate of indifference toward theories of reality, John Clauser,
a young Ph.D. from Columbia, proposed actually to measure twin-state photons
to see whether their polarization correlation attribute satisfied Bell's inequality
(world is local; quantum theory wrong) or not (world is non-local; quantum theory
right). Clauser received no sup-port at Columbia for his proposal to put Bell's
inequality to experimental test, and moved to Berkeley where apparatus already
existed which he knew he could modify to measure twin-state photons.
Many kinds of excited atoms emit pairs of twin-state photons as they return to
their ground state. Most experiments carried out to test Bell's inequality have
used either mercury atoms excited by electron impact or calcium atoms excited
by laser light. Clauser's Berkeley mercury source operates like a mercury-vapor
streetlamp—both emit Blue and Green twin-state light—but Clauser's source was
smaller and more intense than the lamps which nightly flood Telegraph Avenue
with photons in the twin state.
Because real photon detectors are not 100 percent efficient—they count only
about 10 percent of the photons which strike their phosphor faceplates—one
cannot simply compare Bell's inequality to experimental results. Adapting Bell's
original reasoning to existing experimental realities, Clauser and his colleagues
derived a version of Bell's inequality (called the "CHSH inequality" after john F.
Clauser, Michael A. Horne, Abner Shimony, and Richard A. Holt) which is
testable with low-efficiency detectors.
Clauser was motivated to test the Bell inequality by his strong faith that the world
was ultimately local. If quantum theory predicts a result which conflicts (via Bell's
proof) with locality, so much the worse for quantum theory. Clauser anticipated
that his experiment would prove quantum theory wrong at least in this matter of
twin-state polarization. The results proved otherwise. In 1972 Clauser announced
that quantum theory had passed his test. Bell's inequality had been
experimentally violated by Blue and Green photons at Berkeley. Now not merely
quantum theory but quantum fact contradict the hypothesis that the world is
linked up by strictly local lines.
The basis of Bell's theorem is this: if no local model of reality can explain
the results of any particular experiment.: then reality is non-local, if there
is non-locality anywhere then there is some nonlocality everywhere

ASPECT’S EXPERIMENT
"Human beings can choose the path and the destination"
Clauser's pioneer test of the Bell inequality contains a loophole through which a
desperate logician might still derive a local world. To pinpoint this loophole, let's
return to our imaginary EPR experiment in space.
Clauser's mercury source sent Blue and Green light to opposite corners of a
room. Our spaceship lighthouse shoots photons to Betelgeuse and Earth five
hundred light-years apart.

Clauser switched the orientation of his P meters every 100 seconds. Clauser's
switching time, translated to cosmic lighthouse scale, corresponds to keeping the
P meters on Earth and Betelgeuse fixed for more than a billion years. Such
leisurely P measurements would permit information on how distant P meters were
set to leak between Earth and Betelgeuse at sublight speed (carried perhaps in
the gossip of interstellar tourists)—information which could allow most of the
photons to simulate strong correlations by strictly local means. To block the
possibility of subluminal security leaks during long P-meter rests, the
experimenter must be able to change the P meters while the photons are in
flight. To change a calcite this fast in the lab means switching its orientation in a
few billionths of a second.
Unfortunately, mere matter just can't move that fast. However, physicist Alain
Aspect at the University of Paris devised an experiment to test Bell's inequality
which uses two acousto-optical switches to deflect each photon beam to one or
the other of two preset calcite detectors. Instead of rapidly moving his calcites,
Aspect moves his light beams.
With his ultrafast switches, Aspect can measure a different polarization every 10
billionth of a second, fast enough to eliminate subluminal security leaks between
Blue and Green P meters. If Aspect's twin-state photons violate Bell's inequality,
the reality that underlies their strong correlation must connect Green and Blue
measurement stations at a speed exceeding the velocity of light. Aspect
completed his experiment in 1982, verifying the strongly correlated quantum
theoretical predictions, hence violating Bell's inequality and supporting his
contention that our phenomenally local world is in actuality supported by an
invisible reality which is unmediated, unmitigated, and faster than light.
Although Bell's theorem arose in the context of quantum theory, Bell's
result does not depend on the truth of quantum theory. The
Clauser-Aspect experiments show that Bell's inequality is violated by the
facts. This means that even if quantum theory should someday fail, its
successor theory must likewise violate Bell's inequality when it comes to
explaining the twin state. Physics theories are not eternal. When quantum
theory joins the ranks of phlogiston, caloric, and the luminiferous ether in
the physics junkyard, Bell's theorem will still be valid. Because it's based
on facts, Bell's theorem is here to stay.
The basis of Bell's theorem is this: if no local model of reality can explain
the results of any particular experiment.: then reality is non-local, if there
is non-locality anywhere then there is some nonlocality everywhere

IMPOSSIBLE WORLDS
"Reality is a way to teach us that we are small and must respect a power greater
than ourselfs"
Nelson
Bell's theorem is an important tool for reality research because it enables folks

who create imaginary worlds confidently to reject millions of impossible worlds
at a single glance. Bell's theorem tells you right away: If it's local, it's hokum”.
One of the worlds soundly obliterated by Bell's proof is the "disturbance model"
of quantum reality. In this model—a species of neorealism —quantum entities
actually possess attributes of their own whether measured or not, but the
measuring device changes these attributes in an unpredictable and
uncontrollable way. The inevitable disturbance of the quantum system by the
device which measures it gives rise, in this model of reality, to quantum
randomness, to the uncertainty principle and all the other quantum oddities.
As a picture of how the quantum world might actually operate, many physicists
who have not given much thought to the matter take refuge in some vague
disturbance model of reality. For several years I avoided thinking about the
quantum reality question by supposing that a disturbance model of some kind
was sufficient to account for the strange quantum facts.
Such a disturbance mode] would explain, for instance, the observed polarization
of the Green photon in the EPR experiment as a result of the Green calcite's
"uncontrollable disturbance" of some intrinsic Green photon attribute. In other
words, this model explains Green observer's results by appealing to a
hypothetical mechanism which involves only the Green photon and the Green
calcite. Bell's theorem shows that any such local mechanism, no matter how
ingenious, simply fails to fit the quantum facts: Bell's proof knocks out the
disturbance model because it's local.
Facile popular expositions often invoke the disturbance model of measurement to
justify Heisenberg's uncertainty principle: we cannot know a quantum entity as it
is because we must inevitably disturb whatever we observe. Bell's result shows
this notion of quantum measurement as local disturbance to be as outdated as
the obsolete picture of the atom as miniature solar system.
Another type of impossible world is the "classical style" reality symbolized by
Newton's apple. Apples, and everything else in such a world, are truly ordinary
objects which possess attributes all their own even when not being measured.
When measured, whether by man, woman, or machine, a classical apple merely
reveals some attributes which it previously possessed.
Such an apple world (which experts call a "local non-contextual reality") is not
inconceivable or illogical. But, according to Bell's theorem, apple world is
impossible because it can't possibly fit the facts. As a model for the world we
actually live in, apple world and all its local non-contextual cousins are, by virtue
of their locality, sheer fantasy worlds.
We obviously need to be more sophisticated in our choice of possible worlds.
Let's imagine, for instance, a relational reality patterned after the notions of Niels
Bohr. The entities that make up such a world are like rainbows: they do not
possess definite attributes except under definite measurement conditions. Upon
measurement, attributes do emerge but they are a joint possession of entity and
M device. In such a rainbow reality (called "local contextual"), attributes are not

innate to an entity but change when the conditions of observation change. The
only restriction we place upon such observer-induced changes is that distant M
de-vices cannot change an entity's condition if such an influence would re-quire a
faster-than-light signal. In such a contextual, but local, reality, only nearby
observers take part in the determination of an entity's apparent attributes.
Like apple world, rainbow world is neither inconceivable nor illogical. It is simply, on
account of its locality, not the sort of world we happen to live in.
Bell's theorem rejects apple worlds; it also rejects rainbow worlds. What kinds of
worlds does Bell's theorem allow?

A POSSIBLE WORLD
"Anything is possible for the human mind, it is just a matter of time"

Nelson

Imagine Joe Green, an inhabitant of a non-local contextual world. Up in his sky,
Joe sees a rainbow made up of a glistening pattern of colored dots. Unlike the
regular dots in a photographic halftone, Joe's rainbow's dots form a random
array.
On the other side of the same sun lies a counter-Earth, where Suzie Blue
watches another rainbow in her counter-sky. Suzie's rainbow is like-wise
composed of a random array of colored dots. When Joe Green moves his chair,
his rainbow moves too (a rainbow's position attribute is contextual, not innate),
but Suzie's rainbow stands still. However, when Joe moves his chair Suzie's
random array 200 million miles away instantly changes into a different (but
equally random) array of colored dots. Suzie is not aware of this change—one
random array looks pretty much like any other—but this change actually happens
whether she notices it or not.
The phenomenon in this hypothetical world, whether the rainbow moves or not, is
completely local: Suzie's rainbow doesn't move when Joe changes places.
However, this world's reality—the array of little dots that make up both
rainbows—is non-local: Suzie's dots change instantly when-ever Joe moves his
chair.
Such a non-local contextual world, in which stable rainbows are woven upon a
faster-than-light fabric, is an example of the kind of world permitted by Bell's
theorem. A universe that displays local phenomena built upon a non-local reality is
the only sort of world consistent with known facts and Bell's proof. Superluminal
rainbow world could be the kind of world we live in.
During the past twenty years Bell's theorem has been proved in many ways,
some of which refer to photon attributes and some which don't. My version of
Bell's proof makes no essential use of the concept of a photon or its attributes.
Although Green and Blue photons and their polarization attributes are mentioned
to familiarize you with the details of the EPR experiment, when it comes to the
proof of Bell's theorem my argument is formulated entirely in terms of a pair of

binary messages printed by particular macroscopic objects. I prove Bell's theorem
here in terms of moves (orientations of calcite crystals) and marks (ups and
downs on a data tape).
Bell's theorem as a relation between moves and marks takes non-locality out of
the inaccessible microworld and situates it squarely in the familiar world of cats
and bathtubs. Expressed in thoroughly macroscopic language, Bell's theorem
says: In reality, Green's move most change Blue's mark non-locally. From
arguments based on phenomena alone (no appeal to hidden attributes) we
conclude that clicks in a certain counter must be instantly connected to the
movement of a distant crystal of calcite.
For anyone interested in reality, Bell's theorem is a remarkable intellectual
achievement. Starting with fact plus a bit of mathematics, Bell goes beyond the
facts to describe the contours of reality itself. Although no one has ever seen or
suspected a single non-local phenomenon, Bell proves conclusively that the
world behind phenomena must be non-local.
If all the world's phenomena are strictly local, what need is there to support local
phenomena with a non-local fabric? Here we confront an alien design sense
bizarre by human standards: the world seems strangely overbuilt. In addition the
world's superluminal underpinning is almost completely concealed—non-locality
would have been discovered long ago if it were more evident; it leaves its mark
only indirectly through the impossibly strong correlations of certain obscure
quantum systems.
In his celebrated theorem, Bell does not merely suggest or hint that reality
is non-local, he actually proves it, invoking the clarity and power of
mathematical reasoning. This compulsory feature of Bell's proof particularly irks
physicists whose taste in realities is strictly local.

John Stewart Bell
CERN physicist John Stewart Bell, inventor of the interconnectedeness theorem, which establishes
non-locality as a general feature of this world.

The basis of Bell's theorem is this: if no local model of reality can explain
the results of any particular experiment.: then reality is non-local, if there
is non-locality anywhere then there is some nonlocality everywhere
Bell's important proof has caused a furor in reality research comparable to the
Einstein-Podolsky-Rosen scandal of 1935. On the one hand, Bell's theorem
proves the existence of an invisible non-local reality. Those who prefer their
realities to be local have so far not been able to refute Bell's argument. The fact
that Bell's proof is remarkably clear and brief has not hastened its refutation.
A subspace shared dimension of a mathematical convergence of
multi-dimensional interactions in and past the tenth dimension. At one level of
observation the universe is still just a single point. With this still shared existance
perspective things can happen simultaneously, not faster than light,
simultaneous. This is the Nelson subspace theory. see the PROMORPHEUS
Although Bell's theorem indirectly necessitates a deep non-locality, Only Nelson
has come up with a way to directly display this purported non-locality, such as a
faster-than-light communication scheme based on these deep quantum
connections. If reality research's bottom line is "Reality has consequences," then
this Bell-mandated deep reality has so far failed to make a showing. What the
future holds for Bell's instantly connected but as yet inaccessible deep reality is
anyone's guess. Now this theroem has been proved with technology where in
Switzerland researchers have succeeded in instantaneous twin photon
communication over vast distances. see appendix.
The sour grapes and twisting deceptive rationalization that scientist have towards
this proof are but a defense mechanism that scientist use for their cognitive
dissonance of being humiliated at being wrong. Science has been laughing at
those that believe in non-locality for years. And to now have to accept proof that
theyb were wrong is a hard pill to swallow. Most people know that the world is
non-local. There are a vast amount of stories of a non-locality. Stories of psychic
connection, telepathy, intuition, etc. the PEAR group has proved this beyond a
shadow of doubt. but the scientist still hold fast. All we need is one white crow,
and there are forty nine billion staring us in the face. But Motivation determines
perception. So if you do not want to see non-locality or if your motivation is to
protect your past stupidity, you will not see the non-local perspective no matter
how evident it is. this is the last proof of non-locality. The mind effects things, and
the mind can hide an inconvienient truth. A false belief is difficult to disperse. Max
Plank once said that for a new idea in science to succeed all of the scientists with
the old idea must die. I would hope that this is not true, but it seems to be true.
When we all start to laugh at the scientist who resist new proofs, then and only
then will they change, for only the insecure fear humiliation. Scientists can be
very insecure. Some small minded people find cricticisms like there was a

reward. Great spirits get incredible resistance from mediocre minds.
The basis of Bell's theorem is this: if no local model of reality can explain
the results of any particular experiment.: then reality is non-local, if there
is non-locality anywhere then there is some nonlocality everywhere
In our movie and treatise on the PROOF, we established 8 steps pf proof for the
non-local universe. Here they are again. Bell's theore is but just #5.
Jesus taught us that the Meek will inherit the Earth. But today the Geek have stolen the
Earth. The lizard mind of the Geek has taken over every aspect of our lives. Paper
pushing, picayune, petty minds that over analyze and over regulate our lives. This Geek
mind is selfless, without compassion, loveless, over critical and over demanding.
The Geek mind is lizard like. It is cold blooded and slithers with evil self serving
control. Geeks do not believe in God. They do not believe in prayer. They want to stop
anyone from learning of the power of the mind. They will try to stop this book. They do
not want a message about the powers of the mind, the seeds of sin in the mind, or the
ability to transcend .
Proof Of the Powers of The Mind
The most important argument in the world of science today is the clash between
the people that believe in a Non-Local Universe versus those that believe in a Local
Universe.
Local people believe in the direct push pull, cause and effect action, and they do
not believe in the power of the mind to effect things at a distance without a direct
connection. They look for repeatability and worship statistics.
Non-Local believers see a universe where there is prayer, spirit, a collective
unconscious and a connection of all things . They know that there is a power of the mind
to effect things and a level of connection of all things.
The Steps of the Proof are :
Step 1. The test of time: Humans have always felt the connection of mind and spirit.
Every race of people and every tribe has had those who have greater abilities to use
these powers of the mind. They know that there is a subtle but undeniable force of
connection.
The Bible, Koran, Bagavad Gita, the analects, and all of the religious beliefs are
filled with every page referencing the power of spirit, prayer, faith, hope and God.
This belief is Ageless , Universal, and Omnipresent. The test of time is met and if
we had a vote on the conflict of Non-Local versus Local there would be landslide 99.9%
for a Non-Local universe.
The small ,09% of the people who believe in a Local universe, however have
manipulated themselfs into supreme power. The Geeks laugh at the rest of us for
believing in God. They control our lives with their Geek ways. We must take back our
planet.
Step 2. Quantum Theory : Physicists were shocked when they found that a very small
quantic experiment could be influenced by the observer. This was called the observer
effect and thus the world of science was changed forever when the Observer Effect
was PROVED!!!!!. But the Geek mind had to rationalize and twist away from this truth.
But the proof existed non the less and science was changed, although the Geeks
have been able to use treacherous and false-hearted ridicule to control the damage.

They laugh at those who accept the observer effect. The Geeks also control the funding
for science and they stop funding for the open minded scientist who see the Non-Local
universe. But now the tables are turned as that we laugh at the closed minded anal
retentive Geek who’s small petty mind is unable to see the truth.
Step 3.Medicine’s Paranoiac need for Double Blind. Medicine was shocked when
they discovered the placebo effect. The mind of the researcher was able to effect the
results of an experiment. The mind of a doctor can effect the patient. The mind of a
patient can effect himself.From then on a double blind experiment was required. Proof of
the powers of the mind, but still the Geeks twist on.
Step 4. Fractal Complexity: What we do not know is so vast that it should be humbling.
But it takes a lot to humble a Geek. Fractal complexity has shown that reductionism is
now no longer a valid process of examining complex situations. Non-Linear chaos
mathematics are needed. When we use this type of analysis we can see that a small
change might produce a large change. This is known as the ‘Butterfly Effect” and it
allows for the powers of the mind.
Step 5. Bell’s Theorem. This basic theorem of Quantum Electro Dynamics has
shown that twin photons can have instantaneous effects on each other even when light
years apart. This has been PROVED theoretically and experimentally to the utmost level
of science. But the Geek small mind has extreme powers of rationalization and self
deception. The Geek mind still resist admitting that the Local universe is a false belief.
To do this would take courage and fortitude, things that most Geeks do not have.
Step 6 . PEAR.= Princeton’s Engineering Anomalies Research :. After over a
decade of research on the effects of the mind in a prestigious American university
Princeton, there is undeniable proof of the power of the mind to effect things. The
evidence is astounding for it’s quality and quantity and is without doubt PROOF.
Step 7. The disbelievers always get test results that deny the proof: The
hypothesis of our theory is that the mind can effect things. This means that those who
disbelieve or scoff at the theory will only be able to get tests results that confirm there
own disbelief. Why is it that when a researcher does a study that it usually confirms his
original belief is because there is an effect of the mind. The Geek mind is simply unable
to admit that the Geek mind was wrong or is there a much more sinister reason for the
Geek disbelief.
Step 8. The resistance to accepting the powers of the mind is great, in fact it is
too great. The resistance is so incredibly great that it becomes PROOF : There
appears that this resistance comes from such closed minded people and often
psychologically unstable people. These critics will often shake and flush and get over
compassionate in their attempt to dispel the powers of the mind. Their actions and
reactions are so contrived and insecure that they cause wonder that perhaps there is an
ulterior motive. Is there perhaps a plan to keep the powers of the mind away from the
general public. For the small minded Geek, fear of humiliation and thus loss of
futre standing and funding is much stronger than the persuit of truth.
The Geeks will distract, discredit, dispel, and delay any attempt to communicate
the powers of the mind. Their excessive zeal and obvious hidden agenda is slowly
breaking down this resistance.
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The Trivector Analysis of Homeopathy,

A Three-Dimensional Description of
Voltammetric Polarographic Measures
Prof. William Nelson MD
International Medical University Natural Education B.V.I., Oradea, Romania

A three-dimensional (Trivector) topological field is measured which
shows the relationships among various time-dependent voltammetric
techniques using microelectrodes. Intersections of the surface with
appropriately oriented planes represent conventional polarography,
chronopotentiometry, polarography at a stationary electrode, and
constant-potential voltammetry. Homeopathy is dependent on a shape
transfer process. The activation of neuro-emotional shape receptors
can
offer
an
explanation
of
homeopathy.
Our
trivector
three-dimensional topological field time-dependent voltammetric
techniques offers a good compatibility with the trivector resonance
system. This has been shown to provide an accurate system of
homeopathic analysis. This article will only deal with the
three-dimensional topological field time-dependent voltammetric
techniques as part of a whole system for homeopathic shape analysis.
This article is to propose a description of the base theoretical
discussion.
The new techniques arrived from this model is part of a greater
technique of homeopathic medicine analysis.

Scientific Principles
1. The liquid crystal nature of the polar substance water is a well known scientific
principle.
2. The memory of water to retain and return to it’s crystal polymorphic shape
structure is also well known.
3. Electrochemistry (polarography, chronopotentiometry,) are standard accepted
scientific principle. of modern chemistry for chemical analysis.
4. The dynamics of the chemical information transfer of hormones through shape
receptors in the cell is the basis of all pharmacology. All hormones work by
stimulating these shape receptors. The plastictisity of these receptors has
allowed synthetic chemistry to apear to work. Shape receptor stimulus is our
fourth scientific principle.
These four well known scientific facts offers us an explanation for
understanding and proving high potency homeopathy as a medical treatment.
This science also offers us a superb homeopathic quality control procedure.
Now homeopathy can be proven, tested, understood, and defended with these
scientific principles.
In 1983 I developed a trivector system of analyzing the volt-ammetric
signature of a compound. I developed a three dimensional system I refer to as
the trivector. The basic theory was to make a volt-ammetric- electro-chemistry
analysis system that would be as similar to the actual process in the body. So the
volt-ammetric test should use volts and amps similar to the actual body
potentials. Thus the measured volt-ammetric signature would be very similar to
the actual body natural processes.

The principle of water’s liquid crystal shape capacity and homeopathy was
demonstrated by Nelson in 1997 (IJMSH). Here several homeopathics were
frozen and analyzed for repeatability. In this journal the electrochemical
reactivity of homeopathic remedies were also well determined. The analysis of
conductive resonance, magnetic resonance, and capacitance states were
proven a window of examination analysis. Voltammetry or electrochemistry
offers a potential more efficient and accurate system of examination. A trivector
voltammetric analysis has been done by others, and a refined variation of this
process has proven valuable for homeopathy.
THE 3d model of Reilley, Cooke, and Furman (8) has proved valuable in
representing clearly the relationships among various time-independent
electrometric techniques. This success leads naturally to the question of
whether time-dependent voltammetric processes can be similarly portrayed..
It is obvious that a unique current-potential-time surface can be drawn for a
given system. But the current-potential relationship at a given time in that
system is dependent on its previous history. Nevertheless, it is possible to
draw a representative surface which shows clearly the relation-ships among
various techniques and predicts qualitatively the results to be expected. To
properly use the correct equation for the process
see figure A. For a sample of Trivector Data Stream based on a three
dimensional analysis of the electro-chemical signature of a homeopathic

(3)
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K = nFC° A / Do
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see figure B.
Potential is in units of 60/n mv. and units of current and time are arbitrary
Adjustment of a constant included in the equation of the surface gives
quantitative agreement with rigorous theory in most cases.
To reduce complication to a minimum the following discussion will consider
only the case in which the electroactive substance is initially present entirely in
the oxidized form and only cathodic currents are passed. The equation for the
surface representing the system is
E = E ° + R T l n . f o D_R+ nF ,fR
R_T In K - iv/-t nF

Do

where
E = potential of the electrode with
respect to a suitable reference E° = standard potential with respect
to the same reference
R = gas constant
T = absolute temperature
F = Faraday's constant
n = number of electrons involved in the electrode reaction
f = activity coefficient. The sub-script 0 refers to the oxidized form and R to
the reduced
D = diffusion coefficient
i = current density
t = time from start of experiment
K = an adjustable constant independent of time, current, and potential but
dependent on other experimental parameters and the process under

consideration
In simple terms, the dimension-less quantity 0 defined by the equation
B

R7,
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fR D o
will be used.
A portion of the surface generated by Equation 1 is depicted in Figure B.
Various voltammetric processes can be represented as surfaces intersecting
with the surface of Figure B.
CONVENTIONAL POLAROGRAPHY
In conventional polarography with the dropping mercury electrode, each
drop-life can be considered as a separate experiment in which a constant
potential is applied and current is measured at a given time, the drop time.
This change or
drop as you wish, demonstrates a signiture effect of distinct variance of a
material. This constitutes the voltammetric signature effect. The elements in
the
measured material and their arrangement will create the signature.
Thus a complete polarogram is represented by the intersection of the
surface of Figure 1 with a plane parallel to the current and potential
coordinates. Such an intersection is indicated by the curve BC. In this case
the constant K of Equation 1 can be written as
K = nFC° 7Do
37r
where C° is the original bulk concentration of the reducible species. Since K
divided by .0 is equal to the diffusion
current, i d (5), Equation 1 reduces to B = In
i

2d ....

i

(4)

which is indeed the equation for the polarographic wave (S).
CONSTANT-POTENTIAL VOLTAMMETRY
In constant-potential voltammetry, a constant potential (Voltage) is applied
and the current (Amperage) is measured as a function of time. The process is
thus represented by the intersection of the surface with a plane parallel to the
current and time axes. Typical intersections are given by the curves AB and
DC of Figure B. In this case the constant K of Equation 1 can be written as
The expression for current as a function of time is, by combination of Equations
1 and 4,
nFC° D°
Z __
1 + e x p o at
This is, in fact, the correct expression for such a process (1).
CHRONOPOTENTIOMETRY
In chronopotentiometry a constant current is applied and the potential is
measured as a function of time. This process corresponds to the intersection
of the surface with a plane parallel to the time and potential axes. Such an
intersection is indicated by the curve AD of Figure B. In theory the curve thus
generated starts at a potential of positive infinity at time zero and goes to
negative infinity at the transition time. In actual practice, of course,
see figure C
the electrode at time zero is at some poorly poised potential determined by
impurities or capillary-active substances in solution. At the transition time a
new electrode process, the reduction of some other species, the supporting
electrolyte, or the homeopathic, controls the potential.
For a chronopotentiometric process the constant K becomes
(7)
K = nFC° A / 7 r po/2
The transition time, the time at which the potential goes to negative infinity, is

defined by the equation (2)
1 / r = nFC° 1 / T . D o / 2 i ( 8 )
Thus Equation 1 reduces, in this case, to

B=1n -Vr
-/t
POLAROGRAPHY AT A STATIONARY ELECTRODE
In polarography with a stationary plane electrode in unstirred solution, a
potential is applied which changes linearly with time. This corresponds to the
intersection of the currentpotential-time surface with the plane generated by
the function E = K 1 - K 2t, where K l and K 2 are constants. This intersection is
seen
in Figure 2. The curve of intersection predicts an infinite current at time
zero, a precipitous drop in current during the first few moments of scan, a rise
to a maxi-mum current at a potential slightly beyond E°, and then a slow
decay. Neglecting the discontinuity at time zero, this is the behavior predicted
by more precise theoretical calculations (9) and substantiated by experiment.
Unfortunately, in this case, no value of the constant K of Equation 1 gives
,rasa _ gala
(12)
r-t
(15)
(16)

exact correspondence with rigorous theory. On the other hand, reference to
Figure 2 makes the reasons for the qualitative shape of the curve readily
apparent. During the initial portion of the scan, the system moves toward the
cathodic potential plateau and the current increases. Once this plateau is
reached, changing the potential to more cathodic values has no effect and the
current decreases with time as concentration polarization increases. All various

homeopathic substances have distinct signatures.
The discontinuity at time zero should cause little concern. It is not predicted by
more exact theory simply because this theory is predicated on the assumption of
equilibrium at time zero. In most cases the current scan is started at potentials
sufficiently anodic that the presence or absence of such a surge is a purely
academic question. It would not be experimentally observed at these potentials
even if present be-cause it decays so rapidly. With initial potentials near E° such
a surge is, in fact, observed.
LINEAR-CURRENT-SCAN CHRONOPOTENTIOMETRY
Although, to the author's knowledge, such a technique has not been reported in
the literature, there is, at the stationary electrode, an obvious analog of
conventional current-scan polarography. In this technique one would apply to the
system a current varying linearly with time and observe the variation of electrode
potential. Such a process would be represented by the intersection of the
current-potentialtime surface
with the plane i -= at, where a is the rate of change of current with time. This
intersection is shown in Figure D. The resultant curve has characteristics
qualitatively similar to those of a constant-current chronopotentiogram. In this
case K is given by the equation
K = 3nFC° \/rpo/4 (10)
If the transition time is defined by the equation
r312 = 3nFC° TDo/4a

(11)

then the equation for the potential-time curve is
B = In gala

The correctness of this theoretical equation is substantiated by rigorous
calculation based on the Fick equations of diffusion (4).
"NORMALIZED" CHRONOPOTENTIOMETRY
Equation 1 suggests that, if a current which increased with the square root of

time were applied to a plane electrode, the resultant potential-time curve would be
the strict analog of the potential_
see figure D.
current curve in conventional polarography. Rigorous calculation based on Fick's
laws of diffusion bear out this contention (10). The process in this case can be
represented by the inter-section of the surface of Figure B with the surface
generated by the function i = a's/t. The constant K is given by the equation
(13)
K = 2nFC° .LIDO
If the transition time is defined by the equation

r = 2nFC°a-1 \/Do/er

(14)

the equation for the potential-time curve becomes
B= 1n t
This is exactly the same as the equation for the conventional polarographic wave
except that for id and i are substituted r and t, respectively. It is "normalized" in
the sense that the transition time is directly proportional to the concentration
rather than proportional to some power as in the constant-current and
linear-current-scan techniques. Although the technique seems not to have been
applied, it might find use in automatically controlled processes where a linear
relationship between concentration and transition time would be desirable,
EXTENSION TO SPHERICAL ELECTRODES
The surface generated by Equation 1 is strictly applicable only to processes at a
plane electrode. In most cases it also gives an excellent qualitative picture of the
behavior at electrodes of other shapes. The spherical electrode is worthy of
special note, however. In this particular case, the surface of Figure B can be
modified by adding to the current at each potential the time-independent quantity

nFC°Do

= r(1 + exp 0)
where r is the radius of the electrode.
The modified surface predicts the theoretical behavior at constant potential
voltammetry. For the conventional polarographic case it gives the
Oldham-Kivalo-Laitinen modification (7) of the Heyrovsk'-Ilkovic equation. In view
of the quantitative failure of the surface for polarography at a stationary plane, it
is interesting to note that the spherical correction in this case is predicted
accurately (9). For chronopotentiometry the modified surface is only of qualitative
value. However, it does lead to the conclusion which is inherent in the rigorous
calculations of Mamantov and Delahay (6) that if the applied current is made
sufficiently small no transition will be observed. To obtain a chronopotentiogram,
the applied current must be larger than the steady-state current on the cathodic
plateau. This value is given
by the following equation. This equation defines one aspect of the process.
i=

(nFC°Do ) / r

i = nFC°Do/r(18) EXTENSION OF SURFACE TO HOMEOPATHIC
SUBSTANCES
The preceding discussion has been limited to cathodic processes. It is evident
that the same equations can be applied to anodic processes by merely changing
the signs on the potential and current axes. Systems containing both the oxidized
and reduced forms can be treated by modifying the denominator of the last term
of Equation 1 to i Ni t - K' where K' has the same form as K but concentrations
and diffusion coefficients therein are those of the reduced form. Although the
surface deals specifically with the case in which both the oxidized and reduced
forms are soluble, a similar surface can be drawn for the case of metal
deposition. The equation for the surface in this case is
E = E° -} p In fo/ 1/Do +
RF In (K - iV/t)

(19)

For multicomponent systems, the model is simply constructed by adding

currents separately calculated for each component at every time and potential.
Our trivector homeopathic analysis has been using this voltammetric process and
it is combined with an electropotenial signature to combine to make a Quantum
Quality Control process for the homeopathics. This was trademarked as the QQC
process in 1989. And now has a world wide trademark. This QQC clearly shows
the basis for the enhancement of the transition-time of a signature process
caused by prior reaction of another in chronopotentiometry.
Certain conditions do not obey the Nernst equation. It becomes then
impossible to write a general equation of the form of Equation 1 and, therefore,
such systems cannot be represented quantitatively by a single surface.
Qualitatively, however, such a surface would resemble that of Figure B with three
modifications. First, the surface would intersect the time zero plane along an
exponentially rising curve rather than approaching it asymptotically. Second, the
rise to the diffusion plateau with cathodically increasing potential would not be as
steep as in the present case. Third, the decay of current with time would be much
slower at the base of the diffusion
plateau.Thus the electropotential variance signature (covered in a support
article)
allows a support to give us a more reliable reading when the Nernst equations
does not apply.
! Trivector QQC as the basis of ELECTRO ANALYTICAL CHEMISTRY
The most basic of all electro-chemical measurements is volts, amps,
and resistance. These are the components of capacitance and inductance.
Changes in amperage reflect capacitance where changes in voltage reflect
inductance. (ref Brezina ) The study of voltammetry is a well researched and
extremely well documented area of scientific research. Voltammetry is widely
used in chemical analysis. Chemicals differ in their oxidation and reduction
capacities. (ref Wang) So voltammetric analysis is used to analyse chemicals. It
can detect as low as one part in ten trillion, what might be described as 10X. (ref
Tolbert) Thus changes in volts and amperage is a universally accepted technique in
chemical analysis. (ref. Smyth) The very essence of all biochemistry indeed all life is
contingent on the volt , amperage exchange of oxidation and reduction.(ref. Nelson,
1982)

Just as there extensive research in voltammetric analysis of
biochemistry, there is also extensive research in voltammetric analysis of biological
organisms. This has lead to several major conferences and the Annals of the New
York Academy of Sciences has devoted several volumes to the study of bio
voltammetry.
The major scientific research teams involved reported thousands of articles on
successful voltammetric analysis of biological organisms.(ref Annals of the New
York Academy of Sciences)
The 1986 volume 473 was dedicated to the
Neurochemical Analysis of the Conscious Brain. In this volume studies were
discussed that tested several topics relative to our own research. #1. Surface mount
electrodes could be used to measure internal reactive changes of volts and amps.
#2. Volt changes relate more to catecholamines, #3 Amp changes relate more to
brain hormones (such as serotonin, dopamine, enkephalins, Gaba, and
hypothalamic neuropeptides) #4 Rapid changes in biochemistry cause changes
in conscious states and can be measured with external volt and amperage
detectors. (ref. Annals vol.473)

In 1983 I developed a trivector system of analyzing the volt-ammetric
signature of a compound. I developed a three dimensional system I refer to as the
trivector. The basic theory was to make a volt-ammetric- electro-chemistry analysis
system that would be as similar to the actual process in the body. So the
volt-ammetric test should use volts and amps similar to the actual body potentials.
Thus the measured volt-ammetric signature would be very similar to the actual body
natural processes. Just as the receptor sites in the body respond to a volt-ammetric
signature of a biological style. If we make a similar signal we can test the reactivity
of the body and we get the trivector EPFX / SCIO.

It must be pointed out that there indeed a volt-ammetric electro-chemical field
that surrounds all substances. All substances have electrons in quantic states in an
outer shell. These electrical atomic components react with receptor sites in ways
that trigger the receptor to stimulate. There is not a lock and key as the chemical
analogy tells us. There are no rods and balls as the other used analogy of chemistry
tells us. The better analogy is a magnetic strip, where one type of field triggers a
pattern recognition. An information transfer of an energetic electronic nature. There
is an undeniable energetic transfer of information on a shape receptor. The atoms

and molecules are just a condensation of the information state. Biology is
electro-chemical.

Now imagine a scientist electrical engineer who has developed a system of
three dimensional volt-ammetry electro-chemical analysis using a similar to the
body natural volt and amp levels. A sophisticated computer polograhic chemical
analysis to reveal as natural a trivector energetic signal as possible. He patents
parts of the process, trademarks it, documents it scientifically in a ISSN medical
journal, registers it with the EC, clinically tests it for over twenty years, and proves it
safe and effective with hundreds of studies. You don’t not need to imagine, for DR.
Nelson has done it.

Now a safe bio-compatible three dimensional electro-chemical signal of a
nosode, allersode, isode, sarcode, and classic homeopathic can be sent into the
body and the trivector reactive signal of the patient can be measured. These
reactive patterns are significant of the disease patterns of the patient. The EPFX /
SCIO was born on Oct 13, 1989.

CONCLUSIONS
Homeopathy uses the polar structure of water and its liquid crystal stucture
to provide a shape transfer. The shape receptors of the nasopharnyx is the
sight of the homeopathic information transfer.
The potential-current-time surface with its associated
equation gives
excellent qualitative and in most cases quantitative agreement with more
rigorous treatments for various voltammetric techniques. It has proven useful
in the evaluation of, proposed new techniques for homeopathic analysis of
shape or topological energetic signature.
Moreover, experience indicates that it is a valuable quality control process for
homeopathic analysis. The fundamental similarities among various
voltammetric processes as well as their differences become apparent with the
aid of the shape retention phenomena of the polar structure of water.
Together with a conductive, magnetic, and capacitance resonance or
trivector, a very elloquent homeopathic analysis can be achieved.
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Figure B2. Geometrical representation of polarography at a
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Figure C. Geometrical representation of current-scan
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Tyrosine side chains as an electrochemical probe of stacked betasheet protein conformations.
Loksztejn A, Dzwolak W, Krysiński P.
Faculty of Chemistry, Warsaw University, Pasteura 1, 02-093, Warsaw, Poland.
The in vivo formation of beta-pleated protein aggregates underlies a number of fatal
neurodegenerative disorders, such as Alzheimer disease. Since molecular
mechanisms of protein misfolding and aggregation remain poorly understood, this
has been calling for many diverse biophysical tools capable of addressing different
dynamic and conformational aspects of the phenomenon. The two model
polypeptides used in this study are poly(l-tyrosine) and insulin. According to FT-IR
spectra, poly(l-tyrosine) produced two distinct types of films with dominant either
disordered or antiparallel beta-sheet conformations depending on carrier solvent
used for film's deposition. Electrochemical analysis of both the types of polypeptide
films by the means of cyclic voltammetry and differential pulse voltammetry proved
that different electrochemical behaviour of the tyrosine residues is determined by
the conformation of polypeptide chains. We have rationalized this difference in
terms of varying electrochemical accessibility of Tyr residues in each structure. We
have also carried out spectral and electrochemical characterization of insulin betasheet-rich amyloid fibrils. It appears that the detectable electrochemical response of
the protein stems from the presence of four tyrosine residues per insulin monomer.
Since hydrophobic residues, among them tyrosines play an important role in the
formation of protein amyloid fibrils, but, on a molecular level, may be also critical
in explaining neurotoxic properties of aggregates, their electrochemical properties
may become a very valuable complementary tool in biophysical studies on protein
misfolding.
PMID:
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VOLTAMETRY

ELECTRO-CHEMISTRY

of HOMEOPATHY

QQC WEB SITE
There are several undeniable scientific points about the VOLTAMETRY
ELECTRO-CHEMISTRY

of HOMEOPATHY.

1. There is the science of Quantum Electro Dynamics that states there is a
profound bond of the photon and the electron.
2. Each element has a definable electronic and a photonic signature or
measurable profile. A demonstrated by a spectroscope.
3. Each molecule or blend of molecules also has a electronic and thus a photonic
signature.
4. The shape of these molecules have an electronic signature that is detectable
by our shape receptors in our nasal pharynx and elsewhere in the body. These
signatures have a voltametric delineation.
5. Voltametry is an old science of Chemistry using an electronic and photonic
way to analyze different substances,
6. Nelson in 1988 has developed a three dimensional way of measuring and
even enhancing these patterns of homeopathics. Nelson has developed several
patents to further heighten and improve the technology.
7. Over 10,000 homeopathics have been tested using this tech.
8. There is a undeniable scientific electro-photonic field around every living
organism.
There is a static VOLTAMETRY

ELECTRO-CHEMISTRY

of HOMEOPATHY

that is a polographic measurable phenomena. The living organism has a
non-static or ever changing voltametric field. This reactive state of all organisms
is an electro-photonic interaction with the surrounding environment. Thus the
organism is electronically drawn towards nutrition and repelled from toxins. This
is the science of Electro-Physiological Reactivity (EPR). This science is best
displayed by the shark that has a overly developed sense of electronic detection.
If you ran a simple copper wire over 1,500 kilometers and ran just one volt thru it

from a simple battery, the shark could detect the electronic flow. The shark has a
enhanced sense of EPR with the help of the ampules of forseni. But all living
organisms have an EPR ability as well.
9. Once the voltametric signature is defined by the QQC (trademarked) process,
this electronic complex band of frequencies can be sent into the body and a EPR
reaction determined. This is done via the SCIO/EPFX device.

In this brief review of the history of the technology on this web site, we can see
the scientific history and credibility of the QQC and SCIO use.

Introduction

In recent years there has been a dramatic shrinkage of the voltammetric timesca
brought about by the introduction of microelectrodes. These microelectrodes posses
at least one dimension of a size no more than the micron scale, resulting in great
rates of diffusion to the electrode surface. As a result of this microelectrodes are ab
to study ultrafast heterogeneous kinetics and homogeneous events coupled
electrochemistry that were previously masked by transport control and therefo
outside the scope of measurement by voltammetric means.

In the following pages of this section we demonstrate the merits of enhancing the ra
of mass transport to the microelectrodes through the use of convection in addition
diffusion by the use of hydrodynamic microelectrodes. The experimental system use
is a fast flow channel flow cell. This experimental system represents the first of a ne
genre of flow systems, using a pressurised chamber to produce very high solution flo
rates through a miniature flow cell.

Study of Heterogeneous Kinetics

Experiments were conducted on solutions of p-benzoquinone (J. Phys Chem, 1995, 99,14817) (BQ) in 0.1M TBAP/acetonitrile usin
the fast flow channel flow cell. The channel electrode geometry used was: X e = 5 µm, 2h = 71 µm, d = 0.2 cm, and w = 0.119cm
BQ was found to give a reduction wave with a half wave potential of -0.555V (vs Ag reference electrode). The flow variation of th
-5
2 -1
transport limited current was found to obey the Levich equation with D = 2.57 x 10 cm s . Full current voltage curves were the
recorded for different flow rates and mass transport. Tafel analysis was conducted for each voltammogram. The mass transpo
3 -1
-1
Tafel plot for a flow rate of 2.20 cm s is shown below. The standard rate constant was found to be ks = 0.30 ± 0.04 cms . This is
excellent agreement with an independent value of 0.24 which was derived from fast scan microdisk cyclic voltammetry (Ana
Chem., 1984, 56,524). It has been demonstrated that the fast flow channel flow cell is capable of measuring rapid standa
electrochemical rate constants from steady-state experiments. The power and versatility of this new technique in investigating fa
electrochemical processes is apparent.

Mass transport corrected Tafel plots for the reduction of p-benzoquinone. Please note that

where E is the electrode potential.

Study of Homogeneous Kinetics

We next turn the application of the high speed channel electrode to the study of fast kinetic processes coupled with electron transf
processes. The reaction considered is that of bromobenzophenone (pBrBP) which undergoes the following ECE mechanism.

A conventional channel electrode was used to record reduction waves over a range of flow rates in order to find the diffusio
-5
2 -1
coefficient and reduction potential of pBrBP: D = (7.4 ± 0.5) x 10 cm s and E0 = -1.530 ± 0.02V (vs Pt). Voltammograms we
then recorded for the reduction of pBrBP in 0.1M TBAP/DMF solution at a 5µm Pt microband using the fast flow channel flow ce
ECE analysis was performed by plotting a graph of the variation of Neff., the effective number of electrons transferred in the EC
reaction, with flow rate. Neff varied from almost two electrons at slow flow rates to nearly one-electron at high flow rates. Neff is
unique function of a dimensionless rate constant KECE,

where k is the rate constant for debromination. The use of the ECE working curve enables Neff. to be turned in to KECE value
-2/3
These are then plotted against flow rate
to obtain a graph with a gradient from which the first order rate constant can be inferre
-1
The rate constant, k, was found to be 76,500 ± 20,000 s . n conclusion, the use of microband electrodes in conjunction with the fa
5 -1
flow channel flow cell allows rate constants of the order of 10 s to be measured. These results enter a new time domain in stead
state electrochemical measurements.

Analysis of Neff / flow rate data obtained from measured voltammograms

BAS (Bioanalytical Systems) CV-27 Voltammograph, BAS C-1B Cell Stand, coupled
with a BAS XYT Analog Recorder. The Cell Stand features magnetic stirring and
selectable gas purge rate for the sample. The gas control provides for blanketing the
sample when active purging is not occurring.
The magnetic stirrer controls mass transport to the electrode surface and mixing for
titrations. The lift arm with detachable cell top allows removal and replacement of the
cell vial. The cell is enclosed in a Faraday Cage to minimize electrical interference.
The BAS Voltammetric Analyzer is an electrochemical instrument capable of
performing a variety standard controlled-potential techniques. It is ideal for
demonstrating basic electrochemistry and doing routine electroanalysis. It is capable
of: digital smoothing, peak or wave height determination transformation (the Anson
and Cottrell transforms, convolution, deconvolution. etc.), peak potential and current
measurement, half-wave and limiting current measurement, and cyclic voltammetry.
BAS CV27 allows for cyclic voltammetric and bulk electrolysis experiments. Cyclic
voltammetry is an electrolytic method that uses microelectrodes and an unstirred
solution so that the measured current is limited by analyte diffusion at the electrode
surface. The electrode potential is ramped linearly to a more negative potential, and

then ramped in reverse back to the starting voltage. The forward scan produces a
current peak for any analytes that can be reduced through the range of the potential
scan. The current will increase as the potential reaches the reduction potential of the
analyte, but then falls off as the concentration of the analyte is depleted close to the
electrode surface. As the applied potential is reversed, it will reach a potential that
will reoxidize the product formed in the first reduction reaction, and produce a
current of reverse polarity from the forward scan. This oxidation peak will usually
have a similar shape to the reduction peak.
Cyclic Voltammetry (CV)is a versatile electroanalytical
technique for the study of electroactive species. CV
consists of linearly cycling the potential of an electrode
immersed in an unstirred solution while measuring the
resulting current. Thus, a voltammogram is a display of
current versus potential. The most useful aspect of this
technique is its application to the qualitative diagnosis of
electrode reactions. Such as voltammetry of a redox
2+
3+
couple (e.g. ferro-/ferricyanide or Fe /Fe in aqueous
solution ) using a rotating disc electrode (Pt or Au) or
cyclic voltammetry of a redox system. A simple potential
wave form that is often used in electrochemical experiments is the linear wave form
i.e., the potential is continuously changed as a linear function of time. The rate of
change of potential with time is referred to as the scan rate. Cyclic voltammetry can
be used as a technique to:
•
•
•
•
•
•

Reveal surface contamination.
Estimate relative surface area and roughness.
Evaluate electrolyte leakage at electrode-insulator interfaces.
"Fingerprint" electrochemical reactions for benchmarking and quality control
Estimate potentials at which reduction-oxidation reactions occur.
Determine charge storage capacity

The simplest technique that uses this wave form is linear sweep voltammetry. The
potential range is scanned in one direction, starting at the initial potential and
finishing at the final potential. A more commonly used variation of the technique is
cyclic voltammetry, in which the direction of the potential is reversed at the end of
the first scan. Thus, the waveform is usually of the form of an isoceles triangle. This
has the advantage that the product of the electron transfer reaction that occurred in
the forward scan can be probed again in the reverse scan. In addition, it is a
powerful tool for the determination of formal redox potentials, detection of chemical
reactions that precede or follow the electrochemical reaction and evaluation of
electron transfer kinetics.
An example wave form that can be used in cyclic voltammetry is shown below
(Reload to view the cycle). In this example it is assumed that only the reduced form
of the species is initially present. Thus, a positive potential scan is chosen for the
first half cycle during which an anodic current is observed. Because the solution is
quiescent, the product generated during the forward scan is available at the surface
of the electrode for the reverse scan resulting in a cathodic current.

Information provided by: http://www.chemistry.nmsu.edu

Determination of Vitamin C by Analytical Voltammetry
wp.55vcvolt 09/09/98

Background

Analytical voltammetry is an electrochemical method in which the changes of
electrolysis current are measured when a gradually increasing voltage is applied to
the cell. Conditions are adjusted so that the analyte is oxidized or reduced selectively
at one of the electrodes in the cell. (See Figure 1.)

In this experiment, a wax-impregnated graphite electrode (WIGE) is used as the
indicator electrode. During the electrolysis, ascorbic acid donates electrons to the
indicator electrode and the voltammetric experiment exhibits an oxidation (anodic)
current step.

The electrochemical process is described in Figure 2 below:

Figure 1. Analytical Voltammetry

Figure 2. Electro-oxidation of Ascorbic Acid (Vitamin C).

The quantity of electricity involved in the oxidation peak is directly proportional to the
concentration of ascorbic acid. Therefore, an unknown concentration of ascorbic acid
can be determined.

Synopsis of the Analytical Problem.

The purpose of this experiment is to determine the concentration of ascorbic acid
(vitamin C) in a commercial fruit drink, using the analytical voltammetry technique
and a standard addition method. Because the overall composition of the fruit drink is
unknown, a blank determination is not possible, and must be estimated.

Special Equipment
Apparatus: Sargent-Welch Model 4001 Polarograph or EG&G-PAR Model 263A
Voltammetric Analyzer; (optional: magnetic stirrer &
stirring bar); ring stand; 3 mini-clamps with insulated claws.
Electrodes: Indicator electrode: Wax-impregnated graphite rod, ~ 6".
Reference electrode: commercial calomel or Ag/AgCl.
Counter Electrode: Spectroscopic graphite rod, ~ 6".

Electrode Polishing: The blunt tip of the WIGE must be polished before
running each sample by rubbing it with a circular motion on a piece of filter
paper on a flat surface, holding the electrode at the waxed end, perpendicular
to the paper.

Preparation of Solutions

(a) Fruit Juice Sample. Turn in a 250 mL volumetric flask to the lab instructor to

obtain an unknown quantity of fruit juice. Dilute this sample to the mark (250.0
mL) with deionized water. The objective of the rest of the experiment will be to
determine the quantity of Vitamin C (ascorbic acid) in this 250 mL volume. The
voltammetric measurements on this solution should be made during the
same lab period in which it was prepared.

(b) Standard Solution of Ascorbic Acid. Weigh out accurately about 0.50 g. of pure
ascorbic acid (F.Wt. = 176.12); record the exact weight, and transfer to a 50 mL
beaker. Dissolve with deionized water and add 1.0 mL of dilute HNO 3 . Transfer
to a 100 mL volumetric flask and dilute to volume.

Instrumentation and Measurement Procedures

(a) For Sargent-Welch Model 4001 Polarograph, see Appendix 8.

(b) For EG&G-PAR Model 263A Voltammetric Analyzer, see Appendix 9.

Data Analysis

The standard addition method is used to obtain the ascorbic acid (vitamin C)
content of the fruit juice sample. The fundamental analytical relationship is:

Net oxidation current, (i aa ) = kC aa (1)

where, C aa is concentration of ascorbic acid and k is a constant which depends on
the area of the electrode, number of electrons, and diffusion rate of ascorbic acid.

The Net oxidation current is obtained by subtracting the background current, i B , from
the total current (see Figure 3). [See Appendix 8 or Appendix 9 for specific Net
Current measurement procedures with the Sargent or EG&G instruments,
respectively.] For the fruit juice sample, the value of k is not known, because it
depends on the overall solution composition, which is unknown; thus, the standard
addition method involves adding a known amount of standard analyte
(concentration = C s ), and observing the increase in the Net oxidation current (i a2 );
this can be repeated to obtain i a3 (see Figure 3). Because the background current
(i B ) is not known, it must be estimated by extrapolating the current observed before
the oxidation of ascorbic acid (see dotted line for i B in Figure 3).

Figure 3. Standard addition procedure

The increased net current, i a2 , can be related to the added quantity of analyte:

i a2 = kC a2 = k[C aa V o + C s ∆V]/(V o +∆V) (2)

V o is the initial sample volume in the cell (50.0 mL), and ∆V is the volume of added
standard (1.0mL) . Thus, by dividing Equation (2) by Equation (1), i a2 /i aa , and solving
for C aa :

C aa = (i aa C s ∆V)/[i a2 (V o +∆V) - i aa V o ] (3)

The concentration of ascorbic acid in the original sample, C aa , can be computed from
Equation (3). This computation can be repeated for the second standard addition,
where ∆V is 2.0 mL, and i a2 is replaced by i a3 . This process can be repeated, but the
original matrix becomes changed if too much pure standard solution is added, and
the value for k may change. Thus, the volume of added standard must be kept to a
"negligible" value.

Questions

1. Why is a standard addition procedure necessary for this determination? Why
not use a calibration curve obtained with standard ascorbic acid solutions?
2. Why is the standard addition volume kept so small?
3. How does the precision of the voltammetric method compare with the titrimetric
method to determine ascorbic acid? What are the trade-offs?
This article is from the Electrochemistry FAQ, by Zoltan Nagy nagy@anl.gov with numerous
contributions by others.

7.19) VirtualCV v1.0: A free cyclic voltametry simulator
The software can be dowloaded via "anonymous FTP":
www.univ-brest.fr/pub/Electrochimie/ or
ftp.simtel.net/pub/simtelnet/win95/chem/vtlcv10.zip

or through:
http://www.simtel.net/pub/simtelnet/win95/chem/vtlcv10.zip
VirtualCV is a program to simulate Cyclic Voltametry experiments. It performs
virtual (simulated) experiments that are useful for teachers, students and
researchers in electrochemistry.
Program input (file or interactive) is a description of an experiment in terms
of:
Species (name, concentration, diffusion coef.),
Redox reactions (E'0, k0,alpha),
Homogeneous reactions (stoichiometry, Kf, Kb).
Program output is a voltamogram plot (real time like, XY plotter output), a
pilot signal (E=f(t), real time). A complete concentration profile can be
plotted at regular potential interval during simulation (C = f(x) real time).
The software is also useful as a viewer for experimental voltamograms and other
simulators. Many voltamograms (virtual and experimental) can be displayed
simultaneously allowing easy comparison between virtual and experimental ones.
Carlo Nervi's ESP input *.MEC files can be read and run (with some
limitations).
Output files can be created in many formats. Graphs can be printed and exported
as WMF or BMP files.
VirtualCV was written to give students a better insight into the field of
electrochemistry. The program can also be used to investigate complex reactions
schemes, and to evaluate electrochemical system parameters (but no automatic
curve fitting yet).
Special requirements: None.
Status: Copyrighted Freeware (under GNU general public license).
*******************************************************************************
VirtualCV v1.0 is courtesy of AndrÃ© LaouÃ©nan, Departement de Chimie & UMR CNRS
6521, France. With problems/questions contact: ANDRE.LAOUENAN@UNIV-BREST.FR
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Voltammetric determination of ethinylestradiol at a carbon paste electrode
in the presence of cetyl pyridine bromine
Li C.
College of Chemistry and Materials Science, South-Central University for
Nationalities, Wuhan 430074, China. lcychem@yahoo.com
<lcychem@yahoo.com>
Electrochemical behaviors of ethinylestradiol at a carbon paste electrode (CPE) in
the presence of cetyl pyridine bromide (CPB) are investigated by electrochemical
techniques. Compared with that at a CPE without CPB, the oxidation peak potential
of ethinylestradiol shifts negatively and the peak current is increased significantly,
due to the enhanced accumulation of ethinylestradiol via electrostatic interaction
with CPB at the hydrophobic electrode surface. It is verified by the influences of
different kinds of surfactants on the electrochemical signals of ethinylestradiol.
Some parameters such as pH, scan rate, accumulation potential and accumulation
time on the oxidation of ethinylestradiol are optimized. Under optimal conditions,
the oxidation peak current is proportional to ethinylestradiol concentration in the
range of 5.0 x 10(-8) to 2.0 x 10(-5) mol L(-1) with a detection limit of 3.0 x 10(-8)
mol L(-1) for 150 s accumulation by linear sweep voltammetry (LSV). The
proposed procedure is successfully applied to determine ethinylestradiol in
pharmaceutical formulation (Levonorgestrel and Etinylestradiol tablets) and the
results are satisfying compared with that of high-performance liquid
chromatography (HPLC).
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Voltammetric investigation of beta-estradiol
Salci B, Biryol I.
Ministry of Agriculture, P.K. 36 Yenimahalle 06 170, Ankara, Turkey.
Electrooxidation of beta-estradiol was investigated using a glassy carbon electrode
(GCE) by cyclic voltammetry (CV), and differential pulse voltammetry (DPV). The
statistical analysis of the linear relationships between concentration and peak
current permits the quantitation of beta-estradiol by both CV and DPV in the
concentration range of 4 x 10(-5)-10(-3) M with enough precision and accuracy. A
mechanism was proposed about the electrooxidation of this substance. The methods
were applied to a tablet form and a transdermal therapeutic system (TTS) of this
drug. The results were statistically compared with those of official high
performance liquid chromatography (HPLC) method and the differences were found
as insignificant.
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Voltammetry (Chapter 25)
Electrochemistry techniques based on current (i) measurement as
function of voltage (Eappl)
Voltage Supply
- +
Variable Resistor
max

min

Cell
I
Working
Electrode

Counter
Electrode
V

Reference
Electrode

Working electrode

(microelectrode) place where redox occurs
surface area few mm2 to limit current flow

Reference electrode

constant potential reference (SCE)

Counter electrode

inert material (Hg, Pt) plays no part in
redox but completes circuit

Supporting electrolyte

alkali metal salt does not react with
electrodes but has conductivity
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Why not use 2 electrodes?
OK in potentiometry - very small currents.
Now, want to measure current (larger=better) but
• potential drops when current is taken from electrode (IR
drop)
• must minimize current withdrawn from reference electrode
surface
Potentiostat (voltage source) drives cell
• supplies whatever voltage needed between working and counter
electrodes to maintain specific voltage between working and
reference electrode
NOTE:
• Almost all current carried between working and counter
electrodes
• Voltage measured between working and reference electrodes
• Analyte dissolved in cell not at electrode surface!
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Excitation signals (Fig 25-2)
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Microelectrodes
C, Au, Pt, Hg each useful in certain solutions/voltage ranges

Fig 25-4
At -ve limit, oxidation of water
2H2 O → 4H + + O 2 (g) + 4e −
At +ve limit, reduction of water
2H2 O + 2e − → H 2 + 2OH −
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Varies with material/solution due to different overpotentials
Overpotential η always reduces theoretical cell potential when
current is flowing
η = E current - Eequilibrium
Overpotential (overvoltage) develops as a result of electrode
polarization:
• concentration polarization - mass transport limited
• adsorption/desorption polarization - rate of surface
attach/detachment
• charge-transfer polarization - rate of redox reaction
• reaction polarization - rate of redox reaction of intermediate in
redox reaction
Overpotential means must apply greater potential before redox
chemistry occurs
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Hg particularly useful
(i) high overpotential at -ve limit
(ii) easy to prepare clean surface
Hg Microelectrodes: (Fig 25-3)
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Voltammograms (voltammetric waves) are graphs of current (i) vs.
applied voltage (Eappl)

Fig 25-5
Hg microelectrode is cathode -ve terminal in above
A + ne − ↔ P

E 0 = −0.26 V

Increase in current at potential at which A can be reduced (reaction
demands electrons, supplied by potentiostat)
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Two important points
• Half wave potential (E1/2) is close to E0 for reduction reaction
E1/2 ≈ E 0 − E ref
−0.50 = E 0 − 0.24

for SCE

E 0 = −0.26 V
• Limiting current (il) proportional to analyte concentration (really,
activity)
il = k ⋅ cA
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Current is just measure of rate at which species can be brought to
electrode surface
Two methods:
Stirred - hydrodynamic voltammetry
Unstirred - polarography (dropping Hg electrode)
Hydrodynamic Voltammetry
In stirred solution, diffusion layer (Nernst layer δ 0.1-0.01 mm)
forms near electrode (Fig 25-9)
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• Three transport mechanisms (i) migration (ii) convection (iii)
diffusion
In general
A + ne − ↔ P

E cell

E ind
6444
74448
c
0.0592
= E 0A −
log P − E ref
n
cA

(

)

but what are cP and cA near electrode surface c 0P and c0A ?

Fig 25-10
Convection dominates in stirred solution
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Current is a measure of how fast A is brought to electrode surface
 ∂cA 
 ∂x 
123

i = nFAD A

rate of change
of [A]with x

Faraday (C·mol-1)
Electrode Area (cm2)
Diffusion Coefficient (cm2· s-1)
Rate can be rewritten
i=

(

nFAD A
cA − c0A
δ

(

= k A c A − c 0A

)

At maximum current, c 0A → 0 so
i l = k A ⋅ cA
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)

Applications of Hydrodynamic Voltammetry
Single voltammogram can quantitatively record many species
provided enough separation between waves (Fig 25-11)

Problems with dissolved O2 - must purge (sparge) solutions

Fig 25-13
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Polarography
First voltammetric technique
Differs from hydrodynamic
• unstirred (diffusion dominates)
• dropping Hg electrode (DME) is used as working electrode
current varies as drop grows then falls off

DME

current, i

S

lifetime of drop
1

2

3

4

CEM 333 page 12.13

5

time

Linear Scan Polarography:
Fig 25-23

6
i ave = i max
7
Curve A: Cd 2+ + 2e− + Hg ↔ Cd(Hg)
Curve B: 2H + (aq) + 2e − ↔ H 2 (g)
Unstirred - only diffusion - currents smaller
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Diffusion Current (Ilkovic Equation)
2/3 1/6
i d max = 706 nD1/2 m
1
42t4
3 cA
electrode
dependant
capillary
constant

number of electrons

analyte conc (mM)

diffusion coefficient (cm2· s-1)

drop time (s)
flow rate of Hg (mg/s)

Residual Current
• redox reactions of impurities in solution
• charging of Hg drop
(non-faradaic current/non-redox current)
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Advantages of DME (compared to planar electrodes):
• clean surface generated
• rapid achievement of constant current during drop growth
• remixing of solution when drop falls
• high Hg overvoltage means even metals with high -ve E0 can be
measured without H2 formation
Disadvantages of DME:
• Hg easily oxidized, limited use as anode (E< +0.4 V)
•

2Hg + 2Cl − ↔ Hg 2Cl 2 + 2e −

• nonfaradaic residual currents limit detection to >10-5 M
• cumbersome to use (toxic mercury)
• sometimes produce current maxima for unclear reasons (use
maxima suppressor) (Fig 25-25)
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Current Sampled Polarography
• Drop knocker used to detach drop slightly before natural drop
time for reproducible drop times
• Near end of drop life, current is measured (sampled)
• Current held at this value until next drop
• Sampled polarogram consists of short steps with less fluctuation
than "raw" polarogram

Fig 25-26
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Pulse Polarography: Differential Pulse Polarography
Conventional polarography somewhat limited by nonfaradaic
currents
DPP relies on two measurements when difference between faradaic
and nonfaradaic currents are largest
Detection limits 10-7-10-8 M (compare with 25-27)
• Small, short voltage pulses applied to linear ramp near end of
drop lifetime
• Initial V rise, causes Hg drop to charge up (non faradaic
current) but quickly returns to zero
• In presence of reducible species, faradaic current also present
(decays less slowly)
• Past reduction potential, small voltage pulse doesn't make much
difference, already at diffusion limit

Fig 25-29
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imune

12 month
home study course

Go to http://imune.name to learn and to get your course materials. You could get a Doctorate in
Wellness and an international or accredited European professional qualification in neurophysiological
bioresonance and biofeedback.

The Tassel is worth the Hassel. In a world so concerned of Wellness can be
yours in just 12 months of Home Stury, a simple
thesis, a practicum and four days of monitored
supervised contact.
Big Tobacco, Big Sugar, Big Pharma, Big Oil, and Big War
Industry are exempt from lay and they kill and injure, maim
and cripple in the name of profit. They seek to control and
dominate medicine to further build their profits.
Their money controls governments, regulators, and the small
minded media. The Ultra Rich Master Echelon Computer now sees
and hears all the things we say, write, and do. Rights of privacy are
gone worldwide. They have taken away our rights of free speech.
The Ultra Rich control the media and refuse to tell stories
that expose or offend the Ultra Rich Power. They control every
movie that gets distribution, every song that hits the radio,

everything that is put on the world news. They use science and
psychology to control and manipulate the minds of the masses.
But medicine is controlled by Universities that teach medicine.
There is now one university starting to defend Natural Medicine.
IMUNE has a new 12 month home study course that can
be bought with Karma and you can learn how to do natural
medicine and how to break free from the Ultra Rich control.

Big Tobacco
Big Pharma
Big Sugar
Well, the game of Reality Monopoly is still being played all over the
world. One percent of the world’s population is winning and now
controls over 80% of the wealth. The law allows the game to continue
till we will see one winner and 6 billion plus losers

Big Media
Big Banking
Big Money

