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Photosynthesis--The Photo Part 
The history of discovery and the photo-electronic-chemi-osmotic processes 

involved in the so-called "light reactions" is interesting, but I'll leave that to your CMB 
textbook as well. You should read it closely if your gleanings from prerequisite courses 
were weak on photosynthesis. 

I think the parallelisms between respiration and photosynthesis are worthy of 
emphasis, hence this over-simplified diagram: 

RESPIRATION: 

sugar → glycolysis 
cytosol → pyruvate → Krebs cycle 

mito matrix 

→ CO2 
→ NADH → 
→ ATP 

ETS + Ox Phos 
mito cristae 

← O2 
→ H2O 
==> ATP!! 

PHOTOSYNTHESIS: 

sugar ← sucrose syn 
cytosol ← triose ← Calvin cycle 

chloro stroma 

← CO2 
← NADPH ← 
← ATP ← 

Light R + P Phos 
chloro thylakoid 

→ O2 
← H2O 
<== LIGHT!! 

You should be able to reproduce these basic relationships between these two 
processes. This is a "forest" diagram...don't get too caught up in looking at the trees. 
You should be aware of the fundamental arrow-direction differences, and the three 
distinct phases shared by the two reaction pathways: 

• Glycolysis and sucrose synthesis are both enzymatic processes occuring in the 
cytosol. They involve the structural relationship between a half-sugar and a 
whole sugar. 

• The Krebs and Calvin cycles are a cyclic set of enzymatic reactions occuring in 
the cytoplasm of an endosymbiont (organelle internal liquid: matrix or stroma) 
and process carbon as carbon dioxide. 

• The light reactions and electron transport chain are electronic in function, using 
a set of membrane-bound carriers. These carriers are heme-iron and 
quinone/polyphenol electron/proton handlers. They pump protons across the 
inner membrane (the endosymbiont cell membrane) to conserve energy. That 
energy is trapped in chemi-osmotic ATP synthesis as the protons are leaked 
back into the cytosol of the endosymbiont (organelle matrix or stroma). 

Here is an even simpler comparative diagram: 
Respiration: 
CH2O + O2 → CO2 + H2O + ATP 
Photosynthesis: 
CO2 + H2O + light → CH2O + O2 
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The two reaction systems are basically the reverse of each other. One undoes the 
other in plants. Since plants do not eat to supply their energy needs, the plant must do 
enough photosynthesis to meet its needs for maintenance, growth, and reproduction 
while compensating for losses due to respiration both night and day. 

There are two important differences between the pathways outlined 
above...making them not quite the reverse of each other. One critical difference is the 
role of NADPH rather than NADH between the electronic and enzymatic portions. If 
these two very similar reducing agents were identical, it would be possible to use the 
Krebs Cycle to drive the Calvin Cycle. This would make the Calvin Cycle truly a "dark 
reaction," but NADH produced by the Krebs cycle has insufficient reducing power to 
drive the Calvin Cycle reactions. The phosphorylated NADPH does have this power, 
so the Calvin Cycle is dependent upon the light reactions of photosynthesis, and so 
occurs only in the light. The second critical difference between the pathways is an 
energy conversion solution. While the respiration pathway yields energy trapped in the 
form of a phosphate bond in ATP, photosynthesis requires the harnessing of energy in 
the form of light. The energy transduction step is a very important fundamental 
difference; this is where chlorophyll becomes a critical part of photosynthesis. It is this 
very special molecule that has the capacity to absorb light energy while hanging onto 
its electron pool long enough to drive an electron transport system. The heterocyclic 
ring system with conjugated double-bonds (an electron cloud) in association with a 
magnesium ion (another large electron cloud) provides a large volume in which 
electrons can be boosted for this energy-harnessing transduction to occur. Because of 
this critical feature of chlorophyll in photosynthesis, we really need to write our 
simplest form of photosynthesis as shown here: 

Photosynthesis: 

CO2 + H2O 
light 

--------------> 
chlorophyll 

O2 + CH2O 

The light reactions 

In prerequisite courses you have studied the light reactions quite extensively. Here 
I would just like to hit the high spots. First, light has wave properties. the length of the 
wave determines the energy and color of the light. Human vision and photosynthesis 
cover the range of wavelengths from 400 to 700 nanometers. The high-energy end of 
this spectrum is the shorter wavelength purple light at 400 nm. The rest of the rainbow 
and decreasing energy follows as wavelengths increase to the lowest-energy red light 
at 700 nm. Light also has photon, particle, properties. Light intensity is measured as 
photon flux density: photons per square meter per second. Sunlight provides a plant 
with tremendous energy. Plants tap small amounts of energy in some very interesting 
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biochemistry, releasing in each step some energy in the form of heat. So photosynthesis 
obeys the Second Law of Thermodynamics in every way. 

Because short-wavelength light has higher energy, you might expect plants to use 
that part of the solar spectrum for photosynthesis. However, evolution would not favor 
that approach...much of the light energy from the sun would be lost to photosynthesis 
because most photons would lack sufficient energy to drive the reactions. So it turns 
out the the reaction center pigments, P680 and P700, are chlorophyll pigments 
absorbing light maximally at 680 and 700 nanometers...in the low-energy red-end of 
the visible spectrum. Of course if plants could only absorb 680 and 700 nanometer light, 
they would be missing a lot of light. So evolution has provided chlorophyll a with a 
range of other pigments, antenna pigments, that absorb higher-energy wavelengths and 
pass the absorbed energy on to chlorophyll a. Thus plants can utilize light from every 
wavelength in the visible spectrum from 400 to 700 nm. This is best observed by 
examining the action spectrum for a particular plant: 

 
Here you can see that wavelength does change the rate of photosynthesis. You 

can see that all the wavelengths from 400-700 nm do drive photosynthesis. However, 
you do notice a drop in effectiveness at 540 nm, corresponding to green light. Obviously 
plants will be using less of this light and reflecting more of this color to our eyes. Plants 
look green. But green still drives photosynthesis! So obviously then, a plant must have 
more than green pigments that assist in photosynthesis. Other pigments must trap 
light...for example green light...and pass the energy on to chlorophyll. Also you might 
notice that wavelengths outside the range of the graph shorter than 400 nm might be 
able to drive photosynthesis! Indeed the near-ultraviolet wavelengths can be absorbed 
and the energy is sufficient to survive the transfer to chlorophyll P680 and P700. 
However, wavelengths longer than 700 nm appear to be unable to drive photosynthesis. 
The wavelength is too long, the energy content of the photons too low, to be able to 
excite the electrons of P680 or P700. Between 680 and 700 nm, the light can probably 
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drive just one of the two photosystems and so efficiency drops rapidly in this range of 
wavelengths. 

Now let us examine the rate of photosynthesis as a function of light intensity 
(photon flux density): 

 
Here you can see that respiration rates (red line) do not change with photon flux 

density...it is not a light-driven pathway. You can also see that photosynthesis (green 
lines) cannot be driven in the dark (0 PFD) and increases with increasing light intensity. 
Because Respiration and photosynthesis basically undo each other, there is a place on 
this graph where the respiration and photosynthesis lines cross. The photon flux density 
at this particular point is called the compensation point because the two processes 
compensate for each other. At densities below this point, the plant is dying. At densities 
above this point, the plant can be growing and reproducing. At the compensation point, 
the plant is "breaking even" in terms of producing carbohydrate and using it. 

You also observed there are two green lines representing photosynthesis in two 
different plants...a fern and corn. Obviously ferns are shade-tolerant and can grow and 
thive in darker conditions (compensation point is lower for ferns). They are also 
"scorched" by intense sunlight probably by oxygen free-radicals produced by excessive 
photolysis. But this brings up the interesting question of why our government spends 
research dollars on crop photosynthesis but does not fund much research on the really 
efficient photosynthesis of ferns or other shade-tolerant species. Clearly as we must 
farm more intensely, finding ways to crop under orchard trees would be one way to 
maximize food production. Getting the fern photosynthesis adaptations into corn might 
be worth a bit of research. 

Obviously light energy drives photosynthesis. We have learned above that 
photosynthesis is not a single step, but in fact consists of two major groups of reactions. 
One set of reactions is largely electronic and light drives the electrons through an 
electron transport system coupled to phosphorylation of ATP. This has been called the 
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"light reactions." The other half of photosynthesis has been called the "dark reactions" 
even though they never have and do NOT occur at night. I often call them light-
independent reactions because light is not directly reacting with the elements. But that 
is misleading too; light only directly participates in two of the many electronic 
exchanges in the light reactions. Some people want to call the dark reactions the "carbon 
fixation reactions" even though carbon fixation is just one chemical reaction of many 
in that pathway. So we have a hard time choosing names for this second group of 
reactions. Suffice it to say that these are largely enzymatic reactions rather than 
electronic, and they occur in the stroma rather than in the thylakoid. 

Here is a diagram of the light reactions...this is the famous Z-scheme. Not much 
of a Z here, since I have put energy on the vertical axis. But if you put energy on the 
horizontal axis (rotate the screen 90° right) you will end up with a Z. This energy 
diagram has compounds of low energy at lower positions and higher-energy compounds 
at higher positions. 

 
Examining the diagram above we notice that light is funneled to two photosystems 

with the red-absorbing reaction center pigments P680 and P700. These two reaction 
center pigments are chlorophyll a molecules that are different in absorption maxima 
due to the way they are held by the chlorophyll binding proteins. You isolated those in 
cellular and molecular biology classes by doing electrophoresis. You will notice that 
the light funnel consists of antenna pigments that absorb different colors of light. 
Because this is an energy diagram, the funnel shows purple at the top and red at the 
bottom. By having P680 and P700 absorbing such long-wavelength/low-energy light, 
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evolution has provided a pathway for photosynthesis to harvest virtually the entire 
visible spectrum! 

Next you notice that light excites P680 and shoots electrons up to Phaeophytin. 
The huge jump in energy is not achieved by magic...we did not violate the second law 
of thermodynamics. Clearly this diagram is not showing the light energy with enough 
magnitude! Huge amounts are coming downhill to the reaction center pigment, and only 
some of that will boost the electrons the amount you see. The rest will be lost as heat. 

The loss of electrons allows P680 to split a water molecule and replace its 
electrons. This action releases protons and oxygen gas. The protons participate in the 
electron transport chain and the coupled photophosphorylation steps. Thus water is the 
source of the electrons used in photosynthesis. Now, where do these electrons go? What 
is the amazing part about how chlorophyll works? 

Chlorophyll is an amphipathic molecule. It has a polar head 
and a non-polar tail. This allows it to bind to chlorophyll binding 
proteins in the thylakoid membranes and to interface with the 
similarly amphipathic phospholipid bilayer. The "head" portion of 
chlorophyll is a porphyrin ring system. It is polar because of 
unshared electron pairs on oxygen and nitrogen atoms that comprise 
the porphyrin system. The bonding pattern in the ring system is 
resonant...notice the notation with alternating single and double 
bonds. This provides a large cloud of resonating electrons that are 
shared collectively over the large surface of the head of the 
chlorophyll molecule. Adding a nice big cloud of electrons and 
holding them in place is a chelated Magnesium atom. Metals like 
magnesium have wonderful ability to lose electrons or gain 
electrons; they have multiple valence states. The surrounding 
tetrapyrrole ring system just enhances this ability to gain and lose 
electrons. 

So the large vertical arrows in the "z" scheme of the light 
reactions indicate the movement of electrons into the large electron 
cloud at the head of chlorophyll. From here, Phaeophytin picks the 
electrons up and passes them in turn to Q, cytochrome b, 
plastoquinone, cytochrome f, and plastocyanin. These electron 
transport molecules are embedded in the thylakoid membrane. 
Protons from photolysis are shuttled by plastoquinone from the 
stroma into the thylakoid lumen. This accumulation of protons 

represents a conservation of energy. The leakage of protons through an ATP synthase 
from lumen to stroma releases that energy which is trapped in the phosphate bond in 
ATP. So the electron transport system of the light reactions is coupled to 
phosphorylation; this is termed photophosphorylation. 
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The electrons then move to P700 to replace electrons boosted by light and passed 
to X, ferredoxin, and then either NADP or cytochrome b6. Again, the boosing light can 
be just about any wavelength in the visible spectrum because the energy is sufficent to 
transfer from antenna pigments to P700 and leave some energy to satisfy the second 
law of thermodynamics. 

If ferredoxin passes the electron to NADP, the NADP is joined by some of the 
protons that have returned to the stroma. This produces a supply of NADPH for the 
carbon fixation reactions. Because these electrons do not stay in the light reactions, we 
call this non-cyclic flow. If ferredoxin passes the electron to cytochrome b6, it is then 
passed back through the electron transport system between the photosystems as shown 
above. Because this electron returns to P700, we call this cyclic electron flow. Since an 
electron can cycle through this pathway indefinitely, producing ATP from the energy 
lost along the ETS, a plant cell can produce any ratio that is needed of NADPH 
(reducing equivalents from non-cyclic flow) and ATP (energy from cyclic flow). 
Evolution will favor this kind of flexibility, so there is little surprise that we find it! 

Our final graphic is to examine how these light reactions are arranged in the cell. 

 
In this diagram, you can see that the electron transport carriers and photosystems 

are embedded in the thylakoid membrane of the chloroplast. While photolysis, 
phosphorylation, and NADP reduction are stroma-side events, most of the light 
reactions occur within the thickness of the thylakoid membrane. The plastoquinone 
shuttling protons from stroma to thylakoid lumen and the return of protons through the 
two coupling factors of ATP synthase represent photophosphorylation. 

In summary, the light reactions split water and drive the electrons and protons to 
NADPH, trap energy in the form of ATP, and releases oxygen gas to the atmosphere 
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Evidence of photon emission from DNA 

in living systems 
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Abstract 
In recent years the low level analysis of ultra-weak photon emission in human cells is achieved using 
sophisticated Photomultiplier Technique (PMT). The basis of photonic measurements goes back to 

https://www.omicsgroup.org/journals/ultraweak-electromagnetic-wavelength-radiation-as-biophotonic-signals-to-regulate-life-processes-2332-0796.1000126.php?aid=25407#corr
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the theoretical finding of Einstein that a photon, which hits a metal plate, causes an electrical 
impulse. This current can be detected by single photon detection device as mentioned before. As 
shown in a variety of analytical laboratories worldwide using this sensitive workhorse it is evident 
that all cells from plants over animals up to humans emit a low level biophotonic emission. The 
measured electromagnetic wavelengths of this miniscule 0.01 Femto Watt (10-17 W) radiation are 
ranging from ultraviolet light over the visible up to the infrared region. In order to visualize the size of 
this very weak light source: the   luminous power of a candle in a Lunar Distance (LD) (1 LD equal to 
384’400 km) still can be measured using the photomultiplier system mentioned above. From 
biophotonics investigations so far, the origin of ultra-weak photon emission is the DNA as well as 
proteins coupled with radical reactions. In order to determine this radiation in human cells, a 
fibroblastic differentiation system was developed using  dermal fibroblasts of skin. Since normal cells 
store efficiently ultra-weak photons, it has been shown that older cells as well as cancer tissue tend 
to lose this retention capacity. From all these results it seems evident, that this low level radiation 
serve as biophotonic signals in order to transfer information in biological systems. Further intense 
basic research is needed in order to show evidence that ultraweak electromagnetic radiation plays 
the key role in life. 

Keywords 
Biophotonic signals; Photomultiplier technique; Photon emission; Photon detection; Electromagnetic 
wavelengths; Radiation; Luminous power 

Introduction 
Photons participate in most atomic and molecular interactions and changes in life regulation 
processes. In this respect, the development of photomultiplier tubes (PMT’s) in the early fifties of the 
last century was a key event in order to detect photons in biological tissue as reported by Colli et al. 
[1]. This practical discovery of light emission in cells by a highly sophisticated physical method was 
based on the theoretical finding of Einstein in 1905, the so-called photoelectric effect. For this 
breakthrough, Einstein received the Nobel Prize in Physics for the year 1921. The discovery of 
ultraweak photon emission by a physical device confirmed the so-called mitogenetic radiation 
determined by onion roots as biological detectors from the Russian biologist Alexander Gurwitsch as 
I reviewed 22 years ago [2]. The discovery measured latter on by PMT, that plant cells emit a low 
level radiation, was a coincidence. In the early nineteen fifties, PMT’s were the breakthrough 
analytical technique in Physics, in order to detect single photons as side products of nuclear 
collisions. They allowed in the late fifties of the last century to provide evidence for the immense zoo 
of subatomic particles in modern physics. Colli as physical scientific researcher tried to test this new, 
highly sensitive device. At this time, Colli’s wife bought some fresh vegetables on the street market 
and visited the physical laboratory of his husband, thereafter. She placed her shopping bag with the 
fresh bought plants in it, beside the new PMT. Shortly after this event, Colli checked his new device 
and realized an unexplained counting rate of the PMT. He concluded that the PMT was defect and 
returned it immediately to the factory in order to receive shortly after a new apparatus on guarantee. 
He tested then the substituted PMT again with fresh vegetables. To his surprise, the new, replaced 
PMT was again showing ultraweak photons (Emilio del Giudice, personal communication on 
Summer School 2010 in Neuss (Germany)). Therefore, Colli and his co-workers performed 
experiments with plant cells and published thereafter the observation of ultraweak photon emission 
in plants as mentioned above [1]. But it needed another twenty years, until Popp in Germany, 
Quickenden in Australia and Inaba in Japan confirmed in the middle 1970s independently this 
ultraweak radiation in plant cells as measured already beginning of the 1950s in Italy [1,2]. In the 
meantime, it is now scientifically accepted that plants, animals and humans emit a weak, so called - 
biophotonic radiation which can be readily detected with an appropriate photomultiplier system [3,4]. 
Although the emission is extremely low in mammalian cells, it can be efficiently induced in human 
cell cultures by ultraviolet light as shown almost ten years ago [5]. This process is most probably 
coupled with a very weak delayed luminescence (DL). The scientific researchers, the physicist Fritz-

https://www.omicsonline.org/searchresult.php?keyword=molecular
https://www.omicsgroup.org/journals/ultraweak-electromagnetic-wavelength-radiation-as-biophotonic-signals-to-regulate-life-processes-2332-0796.1000126.php?aid=25407#1
https://www.omicsgroup.org/journals/ultraweak-electromagnetic-wavelength-radiation-as-biophotonic-signals-to-regulate-life-processes-2332-0796.1000126.php?aid=25407#2
https://www.omicsonline.org/searchresult.php?keyword=particles
https://www.omicsgroup.org/journals/ultraweak-electromagnetic-wavelength-radiation-as-biophotonic-signals-to-regulate-life-processes-2332-0796.1000126.php?aid=25407#1
https://www.omicsgroup.org/journals/ultraweak-electromagnetic-wavelength-radiation-as-biophotonic-signals-to-regulate-life-processes-2332-0796.1000126.php?aid=25407#1
https://www.omicsgroup.org/journals/ultraweak-electromagnetic-wavelength-radiation-as-biophotonic-signals-to-regulate-life-processes-2332-0796.1000126.php?aid=25407#2
https://www.omicsonline.org/searchresult.php?keyword=photomultiplier
https://www.omicsgroup.org/journals/ultraweak-electromagnetic-wavelength-radiation-as-biophotonic-signals-to-regulate-life-processes-2332-0796.1000126.php?aid=25407#3
https://www.omicsgroup.org/journals/ultraweak-electromagnetic-wavelength-radiation-as-biophotonic-signals-to-regulate-life-processes-2332-0796.1000126.php?aid=25407#4
https://www.omicsgroup.org/journals/ultraweak-electromagnetic-wavelength-radiation-as-biophotonic-signals-to-regulate-life-processes-2332-0796.1000126.php?aid=25407#5
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Albert Popp and the biologist Yu Yan described this phenomenon twelve years ago as coherent 
states in biological tissues [6]. In the last years, we developed a cell culture model for biophotonic 
measurements using fibroblastic differentiation [7-15]. An in vivo application of ultraweak radiation 
on human skin was developed by Cohen and Popp [16] and most recently confirmed by Musumeci 
and co-workers [17]. Schrader et al. used this method in order to test antioxidant stress in vivo on 
human skin [18]. All these results open the highly interesting question if ultraweak photons serve as 
electromagnetic signals in biological systems in order to regulate life processes in plant, animal and 
human cells [19]. This review presented here, will show new insights on this highly interesting 
hypothesis and further, intense biophotonic research has to be undertaken, as initiated already by 
the German biophotonic research program [20] in order to show clear evidence of ultraweak photons 
as inducers of cellular activation processes shown for example more than 30 years ago in the 
rhodopsin protein molecule of the eye [21]. 

Information Transfer by Electromagnetic Waves by Structured Water 
Rarely is it thought about the admirable achievement to transfer sound over large distances. Such 
a transmission is difficult because acoustic waves disappear quickly. Additionally their transfer of 
343 m/ sec in air at 20ºC is slow compared to the velocity of electromagnetic waves. They propagate 
considerably faster with 299792458 m/sec. Clerk Maxwell predicted electromagnetic waves based 
on mathematical correlation of his Maxwell-equation as summarized elsewhere [19]. Heinrich Rudolf 
Hertz proofed the existence of such waves in the 1880s more than 130 years ago. In the year 1896 
Guglielmo Marconi succeeded to transfer electromagnetic waves on short distances. Alexander 
Gurwitch, a brilliant biologist from Russia developed between 1920 and 1935 a biological hypothesis 
with mitotic onion roots in order to prove that light transfer information in cells [2,22]. In the early 
1950s, Herbert Fröhlich confirmed theoretically the transfer of information by electromagnetic waves 
in biological systems as summarized recently by his last pupil Gérard Hyland [23]. The biophysicist 
Fritz-Albert Popp proposed together with the biologist Walter Nagl in the year 1983 an 
electromagnetic model of cell differentiation [24]. This was the first genius concept in biology of 
modern natural science based on ultraweak photon research that electromagnetic waves may be 
important in order to regulate life processes. In cellular systems, this low level radiation has been 
measured by a various of scientific researchers from Australia [25], Austria [26], Belgium [27], [Brazil 
[28-30], Czech Republic [31- 32], China [6,33-35], Germany [3,4,6,16,18-20,24,34-37], Great Britain 
[23,37-38], Holland [33,39-42], India [43,44], Italy [1,5,14-15,17,33-34,45-47], Japan [48-54], New 
Zealand [25], Poland [55-57], Russia [22,58-62], South-Korea [63], Switzerland [2,5,11-15,19,45,64-
68], Ukraine [69-71] and USA [72-76]. 

Water is structured energy. A typical example is a whirlpool showing excessive power. As reported 
by Wernet et al. [77] in the year 2004, triangular chains, 3-dimensional rings and even triangulary 
pyramids are found in the molecular arrangement of water. The nuclear physicist Emilio del Giudice 
from Milan (Italy) found coherent regions in water [78]. Light is composed normally from photons of 
different wavelengths compared to the colours of a rainbow. As del Giudice emphasizes, coherent 
photons are very likely to a single, intense colour. According to his research, water is able to pick up 
information of other molecules similar to a DVD writer and player. This is even possible if the 
originated molecule is disappeared. This important observation is further corroborated by the 
Japanese physicist Kunio Yasue and his colleagues [79]. They found that water molecules are 
capable to transform disordered energy in coherent photons, a process called supra-radiation 
according to the physicist Dicke [80]. In summary, water, the natural medium of all cells, is most 
probably the crucial controller of the transmission of information from cellular molecules as DNA and 
proteins. Water molecules may perform this process through arrangement of highly organized 
patterns, as proposed by Wernet and co-workers mentioned above, which then can memorize wave 
frequencies. 70% of the human cell is not else than structured water. In the brain the amount is 
elevated to 90%. Only blood (92%) and saliva (98%) contain more water. Most interestingly the high 
level of water in the brain decreases with age. The American biochemist Albert-Szent Györgyi, 
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originated from Hungary, received in 1937 the Nobel Prize for Medicine. He claimed that water is the 
mother for vital processes in the cell [81]. 

DNA Damage and Repair: Photochemical Processes in Order to Induce 
Intercellular Communication by Electromagnetic Waves 
We have 15 years ago shown that in vivo induction of pyrimidine dimers in human skin by UVA 
radiation is not only a sign of DNA damage, but may initiate intercellular communication [12]. As 
reviewed most recently [19], DNA changes are mostly induced by interaction of UV radiation with 
molecules of biological significance. Absorption of UV-light by nucleic acids are inducing the most 
fatal effects in cells. As summarized by Niggli [82], pyrimidine photodimers are the major 
photoproducts induced by UV light with crucial biological effects. It was James Cleaver in San 
Franciso in the year 1968 [83] who found the cause of skin cancer after intensive exposure to the 
sun in humans with the illness Xeroderma Pigmentosum. Missing DNA excision repair was the 
biochemical reason for high levels of skin cancer in young people suffering on this well investigated 
genetic disease. Beside enzymatic cutting of photoinduced DNA changes, in order to regain 
hereditary stability of the damaged genome induced by UV-light, the photo repair system as studied 
by Richard Setlow and William Carrier in the year 1964 [84], is another highly relevant repair process 
of UV damaged DNA. Also a highly important molecule of life is oxygen. A few minutes without 
oxygen may lead to the fatal event of death. Most interestingly, nerve tissue and cells of the brain, 
composed of only to 2% of the body weight; consume more than 20 % of the oxygen taken by 
breath. The Russian chemist Vladimir Voeikov established the hypothesis that the photons stored in 
oxygen gain access to the cells by radical reactions [85]. Radicals are chemically, highly active 
substances [86]. They arise in plant, animal or human cells by irradiation with ultraviolet light 
or ionizing electromagnetic waves like X-rays. Vitamin E and superoxide dismutase, for example, 
influence significantly radical reaction processes which happen in aqueous solutions. According to 
Voeikov radical processes are indispensable to life in order to gain the stored light energy in oxygen. 
Together with Emilio del Giudice he showed that water respiration is the basis of the living state [87]. 
As mentioned above, the Italian physicist Del Giudice showed that excited atoms and molecules are 
interacting with the zero point vacuum fields as summarized by Lynne Mc Taggart [88]. In these 
processes arise small areal units of high order state. These so-called Coherent Domains (CD) have 
in water a diameter of about 100 nm fitting to about 107 water molecules. The lifespan of these 
coherent domains is estimated to months or even long-lasting periods over years. A CD is 
surrounded by normal water, so-called bulk water. As summarized by Voeikov and Del Giudice [87] 
water hydrating hydrophilic surface areas is significantly different from bulk water. These diversities 
in density, freezing temperature, viscosity and relative permittivity are so striking that Zheng and co-
workers [89] considered it as a fourth aggregate state. They reported that the thickness of this layer 
is probably hundreds of microns. Pollack [90] defined water adjacent to hydrophilic surfaces as so-
called “Exclusion Zone Water” (EZ-water). As outlined by Voeikov and Del Giudice [87] the most 
important features of EZ-water is the prominent peak of light absorption in the UVC range of 270 nm. 
Most interestingly EZ-water excited by this wavelength emits low level photon emission. In addition, 
the thickness of the EZ-water layer increases with illumination by visible light. IR radiation enhances 
the size of EZ-water significantly stronger, confirming the results by Albrecht-Buehler showing IR 
radiation effects in cells [73,75]. Based on these above-mentioned qualities, Voeikov and Del 
Giudice conclude that EZ-water can store energy. Their most important conclusion is that a CD in 
water is able to transform low grade energy with high entropy in high grade energy with low entropy. 
In this process oxygen is needed, in short: Cells, which contain at least 70% H20, perform water 
respiration. 

Patrick and Rahn [91] investigated in the seventies of the last century the yield of thymine 
dimerization upon UVB-irradiation in DNA as a function of photosensitizers in the presence and 
absence of oxygen. They observed that that the pyrimidine dimer yields are about three- to six fold 
lower in the presence of oxygen confirming the report of Greenstock et al. [92] of reduced dimer 
yields of UV-Irradiated thymine solution. These quenching results from the transfer of 
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the excitation from the sensitizer to the oxygen. This reaction is very fast and accounts for almost all 
quenching of triplets to oxygen as reviewed by Foote in the year 1976 [93]. I have shown in the year 
1983 [82], that after UVC and UVB irradiation superoxide dismutase in the irradiation medium of the 
UV exposed cells enhance the pyrimidine dimer yield for both UV ranges by 25%, while catalase 
lower the dimerization in the size of 15%. It was discussed in this doctoral thesis [82], that the 
decrease in dimer yields observed in fibroblasts treated with the enzyme catalase is probably due to 
the quenching of molecules in excited states by the catalase produced molecular oxygen which is 
confirming the report of Patrick and Rahn [91]. Surprisingly, superoxide dismutase which is 
producing during its catalytic reaction oxygen too, shows higher dimer yields. It is well known that 
the uncatalyzed reaction is producing singlet oxygen [94]. These authors also show, that superoxide 
dismutase suppresses singlet oxygen production which has been shown to be involved in cell 
damage and carcinogenesis [86]. A report of Goda et al. [95] demonstrates that in the catalytic 
reaction the resultant O2 is formed in the triplet state in contrast to the non-enzymatic reaction. The 
difference may be accounted for by the presence of catalytically active Cu2+ ions in the dismutase 
molecule [96]. However, triplet oxygen may be capable to introduce pyrimidine dimers. In this 
respect we have also shown that UVA radiation which produces pyrimidine photodimers mostly via 
photosensitization [97] are introduced on human skin in vivo [12] as detected by antibody staining of 
dimers. Lamola has shown chemical induction of dimers in the dark [98]. In this respect, Giuseppe 
Cilento has created a photobiochemistry without light as reviewed in the year 1988 [29]. As Voeikov 
and Del Giudice emphasize, it has now become clear that life is possible without sunlight [87]. 
Fantastic ecosystems have been found at the bottom of the ocean. There is no light and no oxygen 
from the atmosphere at 10 kilometer below the ocean surface. The temperature is rarely more than 
2-4ºC. Most surprisingly, highly active aerobic animals of various, different species, live in this cold 
darkness. It is possible that they use as energy source the thermal heat emerging from the hot, inner 
core of our Earth. It is well know from marine research that the basic physiology and biochemistry of 
these living beings in the cold darkness of the deep ocean is not significant different from those 
animals living on the land under the sun. The continuous flow of energy in their bodies required for 
multiplication, growth and life formation is preserved by their efficient capacity to utilize energy from 
their scanty surrounding area. But it has to be noted that this ability is not the specific property of 
deep-sea creatures. It is the general strategy of all life. Another astonishing example of light in the 
cells is the desert mice Monodelphis domestica. As Ley published almost 30 years ago, these 
animals mostly living in the dark have an efficient DNA repair system based on photo reactivation 
[99]. As Lynne Mc Taggert reviewed [88], Popp found in 1975 that carcinogens absorb ultraviolet-A 
light (UVA) in the range of 380 nm. He tested first benzo[a]pyrene by irradiation in the UVA range 
and found that this carcinogen, causing for example scrotal cancer in chimney sweepers, absorb the 
UV radiation and re-emit then photons at a complete different frequency. Most surprisingly, the 
harmless benzo[e]pyrene allowed the UV-light to pass through it unchanged. Popp was astonished 
by this observation and performed his test on 37 different chemicals. Several tested substances are 
cancer causing, others in this testing system are unoffending chemicals. Using his test he was able 
to predict the carcinogenic potential of his tested substance as reviewed in the year 1979 [100]. In 
the meantime it is clear that the carcinogenic substances predicted by the UVA-test of Popp can 
interchelate with the hereditary DNA source. Benzo[a]pyrene for example is a so-
called procarcinogen which is activated by detoxification enzymes like cytochromes P 450 in the 
mitochondria to the highly carcinogenic Benzo[a]pyrene-7,8-dihydrodiol-9,10-epoxide interchelating 
with the guanine residue of the DNA [86]. This activation process is similar to that of aflatoxin B1 
found for example in Aspergillus flavus and Aspergillus parascitus. Aspergillus flavus show 
accelerated growth in decomposed peanuts, but also in rotten hay or grains in a decay action. The 
epoxide is here induced by the cytochrome P 450 pathway in hepatocytes. Most interestingly for this 
enzymatic processes water and oxygen is needed. As pyrimidine dimers, these highly toxic 
chemicals change the DNA source and may induce mutations, leading finally to carcinogenesis 
[82,86]. We have in the year 1999 reported that in vivo induction of pyrimidine dimers in human skin 
by UVA radiation is not only initiation of cell damage, but may be a common biochemical pathway of 
intercellular communication [12]. As reviewed elsewhere [19,66], ultra weak photon emission is most 
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probably involved in this communication process. It is well known, that biophotonic emission has 
been detected both in the ultraviolet as well as in the visible region of the 
electromagnetic spectrum [2,19]. There is substantial evidence that DNA is an important source 
of ultra-weak photon emission [2,11,19,50,66]. As published more than 20 years ago, normal 
fibroblasts tend to store UV-light efficiently , while excision repair deficient Xeroderma Pigmentosum 
cells [83] loose the capacity to store ultraweak photons. This observation was confirmed then years 
ago in report showing temperature dependence of ultraweak photon emission in fibroblastic 
differentiation after artificial UV-exposure [101,102]. In several reports [12,66,102], we have 
proposed that pyrimidine dimers are inducers of photonic activation of biochemical pathways via 
excision repair of pyrimidine photodimers in DNA similar to the more than forty years ago published 
light-driven activation process of chemical reactions by bacteriorhodopsin [103]. As reported by 
Albrecht-Buehler [73,75], cells use infrared radiation in order to perform intercellular communication. 
In this respect, it is of high interest to observe that EZ-water emit in the UVC region as reported by 
Voeikov and Del Giudice recently [87]. Theoretical consideration of Fröhlich, propose intercellular 
communication by coherent states of cells. As discussed by John Swain [72], there are at least two 
types of quantum electromagnetic communication systems associated with the living state. One is in 
the microwave frequency range as hypothesized by Fröhlich [23], the other is from the UV, over the 
visible to the infrared region: UV and visible is suggested by Popp [3,4,34,58], the infrared data is 
based on the scientific observations of Albrecht Buehler [73,75]. According to Swain [72] there exists 
a coupling by resonance between these two regions. As Swain [72] emphasizes, a biological system 
can easily store low microwave energy and transfer it to high energy photons as found in IR, visible 
and UV regions. In John Swain’s view [72], there exists, as cited, “a natural framework not just for a 
biological molecule to experience long-range forces pulling it to where it should go, but also for the 
appropriate amount of energy to be transferred between them. The use of single photons as part of 
cell-tocell signaling is also fascinating and the sort of system here could allow for a high degree of 
selectivity with little cross-talk by choosing slightly different optical frequencies for different 
communication”. Based on Fröhlich’s hypothesis of quantum, coherent behavior in cells, 
microtubules as light conductor are important as proposed 25 years ago by the scientist Bornens 
from Belgium [27]. In this concept, structured water and their respiration processes, as brilliant 
implicated by Voeikov and Del Giudice, play an highly important role as infinite energy source in the 
dark [87]. Further intense, bio photonic research has to be realized in order to show further 
evidence, that the electromagnetic waves are the essential key in intra- and intercellular 
communication processes. 
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This book is just a small collection of 

scientific articles proving that the 

white blood cell uses light beams of 

active photons. 

Simultaneous monitoring system of fluorescence and 

chemiluminescence 
Optimizing diet for each person 

  
By using a technology to measure two types of light signals at the same time, we have developed a 
method to simultaneously monitor two events occurring within and around neutrophils (a type of white 
blood cell) during the reaction of the first line of defense called innate immune system. This method is 
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currently being used in a commissioned study to evaluate the functionalities of food, namely 
antioxidation, anti-inflammation and innate immune activation using cultured cells. Ultimately, we 
hope this method will be used to evaluate not only the functionality of food products, but also the 
actual effects of food within the body after the food has been consumed and digested. 
  
Issue 

Reactive oxygen causes many diseases 

 
When we breathe, a tiny amount of the oxygen we inhale turns into reactive oxygen – an unstable 
type of oxygen that can cause cell damage and is known to be a cause of certain kinds of illnesses. 
Normally, reactive oxygen is quickly broken down within the body. However, due to factors such as UV 
rays, cigarette smoke, stress and air pollution, the body becomes subjected to more reactive oxygen 
than it can handle. When this happens, the body is in a state of oxidative stress. This can induce many 
unwanted effects (such as cell damage, protein denaturation, and gene mutation), and may in the 
long-term contribute to problems such as aging, cancer, andl lifestyle related diseases. 
Recently, there has been increasing interest in dietary measures to combat oxidative stress, for 
example in food products containing antioxidants such as vitamin C, vitamin E, and polyphenol. But 
while there are many established methods for evaluating the antioxidizing function of foods, there is 
still no easy-to-use method for judging the true effects of food products or their specific ingredients in 
the human body after being consumed. 
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Neutrophils 

  

 
  
Neutrophils are the first-responder immune cells in cases of a bacterial infection. They ingest the 
pathogen and attack it with a type of reactive oxygen called superoxide （O2-・）. Superoxide itself is 
not so potent, but when a neutrophil converts oxygen into superoxide it also releases an enzyme 
called myeloperoxidase (MPO), which then combines with chloride （Cl-） and bromide （Br‐） ions to 
produce some stronger compounds: hypochlorous acid (HOCl) and hypobromous acid (HOBr). And 
while these compounds do contribute to our biological defense system’s battle against pathogens, at 
the same time they can cause inflammation in healthy tissue – inflammation which increases the 
amount of reactive oxygen in the body, thus bringing on oxidative stress. 
Hamamatsu’s research focuses on this overactivation of neutrophils as a factor in oxidative stress. 
Neutrophil activation can be detected from superoxide production and MPO activation. We monitor 
both of these events by using our technology to simultaneously measures chemiluminescence and 
fluorescence from each event. In the future, we hope this measurement method can be implemented 
on a tiny droplet of blood taken from a person’s fingertip, with no sample preparation. 
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Future prospects 

 
If the measurement system for evaluating the antioxidant capacity of ingested food were to be 
packaged in a kit that includes all the necessary reagents so that anyone could easily use it, this 
would surely aid in the promotion of healthier foods and lifestyles. For instance, at home you could 
use it to select the types of food and supplements that best suit your particular physical constitution 
and current physical condition. By customizing your diet and also by monitoring your body’s level of 
oxidative stress on a daily basis, you would be engaging in a form of preventive medicine to extend 
good health. In an agricultural setting, food growers would be able to use the system out in the field 
to find the right conditions for harvesting better products, which would increase the amount of value-
added healthy foods in our food supply. They could also use the system to monitor the health of 
livestock and poultry, thus improving food safety. 
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Current research 

In a commissioned study, we are investigating the possibility of evaluating the functionality of food 
through close examination of the biological defense mechanism of neutrophils. First, we obtained 
neutrophil-like cells from cultured cells and stimulated them with fMLP (formyl-methionyl-leucyl-
phenylalanine), a neutrophil chemotactic factor. This initiated a PI response that increased the density 
of intracellular calcium ions (Ca2+), which in turn prompted the production of superoxide (O2-・). The 
fluorescence and chemiluminescence emitted during the change in density of intracellular Ca2+ and 
production of O2-・ was monitored simultaneously. 
 

 

  
From observations of the patterns and amounts of fluorescence and chemiluminescence in the various 
types of food and food ingredients that were tested, it was determined that the method can 
differentiate these aspects of a sample’s functionality: antioxidation (active oxygen scavenger action), 
anti-inflammation (suppressing reactive oxygen production so as to control excessive inflammation) 
and innate immune activation effects. 
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Anti-My-26: a monoclonal antibody inhibiting 
human phagocyte chemiluminescence. 
J T Warren and C I Civin 

J Immunol March 1, 1985, 134 (3) 1827-1835; 

Abstract 

Anti-My-26, a mouse monoclonal IgG1 antibody, was raised against human granulocytes and has been 
shown to inhibit luminol-enhanced, glucose-independent chemiluminescence (CL) of human 
granulocytes (or monocytes) responding to the soluble secretagogues A23187 or ionomycin (calcium 
ionophores) and phorbol myristate acetate (PMA). Anti-My-26 inhibition of CL was reversible and was 
dependent on both secretatogue and monoclonal antibody concentration. This inhibition appeared to 
be directed at the component of granulocyte CL that is independent of NAD(P)H-oxidase-catalyzed 
formation of superoxide anion, because neither opsonized zymosan-stimulated CL nor the PMA-induced 
decrease in NAD (P)H-associated autofluorescence was affected by anti-My-26. In addition, ionomycin, 
over a wide concentration range, failed to generate any decrease in granulocyte autofluorescence. The 
A23187-induced CL inhibited by anti-My-26 was correlated with its depression of oxygen consumption. 
Furthermore, anti-My-26 was not cytotoxic and did not itself induce oxidative metabolism when used as 
a stimulant. Binding of anti-My-26 to phagocytic cells was not decreased by pre-exposure of cells to 
either A23187 or PMA. Evidence is presented to suggest that the binding of anti-My-26 to the 
granulocyte surface inhibits the oxidative response to calcium ionophore and PMA by blocking a 
common pathway(s) stimulated by these different secretagogues. 

 

 

http://www.jimmunol.org/
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• The Journal of Infectious Diseases 

 
 
 
 Vol. 141, No. 1, Jan., 1980 

•  Chemiluminescence by... 
JOURNAL ARTICLE 

Chemiluminescence by Polymorphonuclear 
Leukocytes from Patients with Active 
Bacterial Infection 
Alan G. Barbour, Craig D. Allred, Claus O. Solberg and Harry R. Hill 

The Journal of Infectious Diseases, Vol. 141, No. 1 (Jan., 1980), pp. 14-26 

Published by: Oxford University Press,  Stable URL: http://www.jstor.org/stable/30110703 

Page Count: 13 

Topics: Neutrophils, Bacterial infections, Infections, Leukocytes,Chemiluminescence, Blood 
plasma, Chemotaxis, Cyclic nucleotides, Chemical suspensions, Diabetes mellitus 

Int J Androl. 1991 Aug;14(4):271-7. 

An automated chemiluminescence test for diagnosis of 
leukocytospermia. 
Leino L1, Virkkunen P. 

https://www.jstor.org/action/showPublication?journalCode=jinfedise
https://www.jstor.org/stable/i30110698
https://www.jstor.org/publisher/oup
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Leino%20L%5BAuthor%5D&cauthor=true&cauthor_uid=1879961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Virkkunen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=1879961
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Author information 
Abstract 
A new rapid and sensitive chemiluminescence (CL) test was developed for the analysis of 
leucocytes in semen. Opsonized zymosan induced luminol-dependent CL of diluted (1:500) 
semen was measured in samples from 64 fertile and infertile men with or without 
leukocytospermia, using an automated luminometer set-up. The white-blood-cell (WBC) count 
in semen was determined using a conventional leucocyte-peroxidase staining method. A good 
linear correlation (r = 0.932) was observed between the seminal white-blood-cell number and 
the CL response. The coefficients of inter-assay variations for the CL method were 9.6% and 
1.8% for semen samples with 0.3 x 10(6) WBC ml-1 and 3.2 x 10(6) WBC ml-1, respectively. The 
results also suggest that the previously reported inhibitory effect of seminal plasma on CL 
activity of human phagocytes is due to the quenching of light-producing reactions and that this 
can be circumvented by using appropriate semen dilution. It is concluded that the simple and 
high-capacity CL test is an especially convenient method for routine diagnosis of 
leukocytospermia. 

PMID:    1879961 

 

Dig Dis Sci. 1985 Feb;30(2):139-42. 

Chemiluminescent response of neutrophils from patients 
with inflammatory bowel disease. 
Faden H, Rossi TM. 
Abstract 
The activity of inflammatory bowel disease (IBD) is often difficult to monitor by currently 
available laboratory tests. The oxidative metabolic activity of Ficoll-Hypaque separated human 
neutrophils was determined in a luminol-dependent chemiluminescence assay and compared 
to the white blood cell (WBC) count and the erythrocyte sedimentation rate (ESR) among 13 
subjects with inflammatory bowel disease. Clinical disease activity was assessed with a 
standardized scoring system and judged to be mild in five subjects and absent (remission) in the 
other eight subjects. The chemiluminescent response of neutrophils was increased among 12 
persons compared to that of healthy subjects. In contrast, the WBC count and ESR were 
abnormal only among two and four individuals, respectively. The widespread abnormality in 
neutrophil chemiluminescence, even among subjects classified as being in remission, suggests 
that chemiluminescence determinations may provide a means to monitor longitudinal changes 
in disease activity. 

PMID:   3967561 
 

https://www.ncbi.nlm.nih.gov/pubmed/1879961
https://www.ncbi.nlm.nih.gov/pubmed/3967561
https://www.ncbi.nlm.nih.gov/pubmed/?term=Faden%20H%5BAuthor%5D&cauthor=true&cauthor_uid=3967561
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rossi%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=3967561
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Twin photons prove Bell’s Theorem 

and non-locality of universe 
Physicist RAYMOND Y. CHIAO is widely known for pioneering experiments in the twilight zone of 
quantum mechanics where objects can pass through solid walls. His recent work involves investigations 
of faster-than-light phenomena. He has measured how long photons take to “tunnel” through a barrier that 
ought to be impenetrable and found that they appear to outpace the speed of light when they are 
successful in reaching the other side. Born in Hong Kong and educated in the United States, he earned a 
bachelor’s degree from Princeton University, where he was elected to Phi Beta Kappa in his junior year, 
and a Ph.D. in physics from the Massachusetts Institute of Technology in 1965. After teaching at MIT for 
two years, he joined the physics faculty of the University of California, Berkeley and was named a full 
professor in 1977. Dr. Chiao has held a Woodrow Wilson Fellowship and an Alfred P. Sloan Fellowship. A 
member of Sigma Xi, he won the second prize of the Gravity Research Foundation in 1981 and the 
Scientific Innovation Award for Outstanding Work in Modern Optics from the Center for Advanced Study 
at the University of New Mexico in 1986. He is a fellow of both the American Physical Society and the 
Optical Society of America. Dr. Chiao has published some 125 papers in major scientific journals. He 
edited Amazing Light (1996), a volume dedicated to the Nobel laureate Charles H. Townes on the 
occasion of his eightieth birthday. 

Nature 419, 577 (10 October 2002) | doi:10.1038/419577a 
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Quantum physics: 
Single photons stick together 

Philippe Grangier 

Abstract 

In the right circumstances, two photons can meet and 'coalesce'. This effect has now been 

observed for photons emitted independently from a single-photon source, and has 

implications for quantum computing. 

Can two photons that have never met know something about each other? The question bothered 

Einstein, and, reporting on page 594 of this issue, Santori et al.1 demonstrate in a new context that 

the answer is 'yes'. 

Quantum Theory 
and Reality 

  A new scientific truth does not triumph by convincing its 
opponents and making them see light, but rather because its 
opponents eventually die, and a new generation grows up that is 
familiar with it. Max Planck 

What we observe is not nature itself, but nature exposed to our 
method of questioning. Werner Heisenberg 

 
Anyone who has not been shocked by quantum physics has not 
understood it. Niels Bohr 

One can't believe impossible things. Alice in Wonderland 
  
  What is an Electron? Of Particles and Waves 

 
 
 
 
 
 
 
 

Our story will be begin here because it is the electron, and 
our knowledge of it, that has been responsible for so much 
of the technology that we take for granted today.  Without 
the electron there would be no electricity, no electric lights, 
no TV, radio, CDs, DVD's, thumb drives, cell phones, 
computers and electronic social networking.  We would not 
have supermarket doors that open automatically or 
computers to play video games, surf the Web, and do word 
processing and spreadsheets for business. But what exactly 

http://www.nature.com/nature/journal/v419/n6907/full/nature01086.html
http://www.nature.com/nature/journal/v419/n6907/full/419577a.html#B1
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is an electron? In the early moments of the twentieth 
century scientists found themselves asking this very 
question. The discovery of radiation and the atom promised 
to open up a strange new world of knowledge, 
understanding, and power. 

At first physicists assumed that the atom was like a 
miniature solar system. At the center was a nucleus 
consisting of particles glued together somehow, and that 
circling this nucleus were the swiftly moving electrons, like 
little particle planets. This model did not last very long. 
Although we still use a version of this model today to have 
some visual handle on what the atom looks like, the pioneers 
of atomic physics discovered fairly quickly that 
mathematical calculations based on this model predicted 
that the electron would crash into the nucleus in an instant. 

Physicists also discovered that electrons could be stripped 
from the atoms and made into beams of radiation. This was 
a great breakthrough, because they could manipulate these 
beams, and begin to deduce from the behavior of these 
beams the nature of the electron itself. A similar channel of 
investigation was taking place in attempting to understand 
the nature of light. From this another remarkable discovery 
was made: Beams of electrons behaved very much like 
beams of light. 

  
 
 
 
 
 
 
 
There is one 
simplification at least. 
Electrons behave in this 
respect in exactly the 
same way as photons; 
they are both screwy, 
but in exactly the same 
way.  Richard Feynman 

We saw that the speed of light was considered a paradox by 
many at the turn of the century. By this time the nature of 
light was also very controversial and something of a 
paradox. Under some conditions light seemed to behave as if 
it consisted of very small particles of matter (now called 
photons). Under other conditions, however, light showed 
clear signs of being a wave of energy, a disturbance of a 
medium, the intensity of which could be measured. To 
understand how this is a problem, we must first clearly 
understand that a particle and a wave are very different 
phenomena. 

A particle is a localized piece of matter, like a baseball, that 
at any given time has a definite size. It can be in only one 
place at a time. A baseball thrown in Hawaii cannot be in 
New York at the same time. Furthermore, we assume, 
ontologically speaking, that we may discover in this 
marvelous universe some very strange objects but that, 
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regardless of how strange they are, if they are objects, then 
they will have a definite location at any given definite time. 

A wave, on the other hand, is a very different kind of thing. 
In fact it is appropriate not to refer to it as a thing at all, but 
rather as an event or phenomenon. Things by definition 
have a definite localized size at a given definite time. Waves 
do not. Imagine dropping a pebble into a still pond of water. 
At first there is a small splash, and then circular waves 
move away from the spot where we dropped the pebble. The 
wave spreads out; it does not stay in one place, but can be in 
many places at the same time. Also, it is the medium of the 
water that transmits the energy of the dropped pebble. The 
wave is simply a disturbance of the medium. It does not 
have an existence of its own like the smile of the Cheshire 
cat in Alice in Wonderland. Without the water being in the 
pond there would be no waves. 

On the north shore of the Island of Oahu in the State of 
Hawaii, every winter large waves pound the shoreline. 
These waves are caused by the seasonal winter storms 
migrating northeast of the state in the jet stream on their 
way to make life miserable for people in the Pacific 
Northwest, and eventually much of the rest of the 
continental United States. The winds from the migrating 
storms cause a significant disturbance in the sea and a series 
of undulations are transmitted many miles until finally, 
reaching the reef on the north shore of Oahu, spectacular 
waves of thirty feet or higher break and push forward a 
mountain of water and foam toward the beach. On the cliffs 
overlooking Waimea Bay you can watch a gigantic half 
circle of water march relentlessly toward the beach and then 
simultaneously, across a quarter mile area, surge onto the 
beach. It is a very spectacular sight. Tourists travel many 
thousands of miles to see it, and single-intentioned surfers 
wait in anticipation all year, hoping to be the first to ride the 
biggest wave on record and survive. 

 
It would be a strange event indeed, if one day while watching wave 
after wave break, we saw one wave flow in its normal way toward 
the beach, and then, just as the wave was about to touch the 
fringes of the vulnerable beach, the entire half circle of water 
collapsed instantly to a single unpredictable point on the beach and 
exploded! The wave would have turned into a massive particle 
located at one place, rather than spread out as waves normally are. 
Imagine wave after wave doing this, with the location of the 
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collapse being unpredictable each time. Strange indeed this would 
be, but something like this is what electrons and photons seem to 
do! 

  Thought Experiments 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
All of modern physics is 
governed by that 
magnificent and 
thoroughly confusing 
discipline called 
quantum mechanics .... 
It has survived all tests 
and there is no reason 
to believe that there is 
any flaw in it .... we all 
know how to use it and 
how to apply it to 
problems; and so we 
have learned to live 
with the fact that 
nobody can understand 
it.  Murray Gell-Mann 

The science of the subatomic realm is called quantum 
physics or quantum mechanics. The word "quantum" refers 
to the fact that energy at the subatomic realm comes in 
packets, or quanta; energy is said to be "discrete" rather 
than continuous. The best way of understanding the 
implications of discrete motion is to understand the most 
famous phrase in this science, the "quantum jump." As we 
will see, this does not refer to a continuous quick motion, 
such as a child jumping from one place to another, but 
rather a discontinuous, instantaneous movement from one 
place to another. In other words, quantum objects seem to 
be able to move from place to place without being anywhere 
in between. They seem to "pop" in and out of existence. 

In the following pages we are going to retrace the same 
baffling steps taken by physicists in the twentieth century. 
The goal was simply to understand the nature of subatomic 
objects such as the electron and the photon. The result was a 
revolution in thought so radical that even Einstein could not 
accept it. We will be using though a method Einstein would 
have approved of, what are called "thought" experiments. 
Instead of looking at the actual technical experiments, we 
will imagine a series of composite pictures that remain true 
to the actual experimental findings.(1) 

Imagine first a lead box impenetrable except for two 
microscopic slits on one side. Inside the box the side opposite 
the slits is coated with photographic film. Imagine that on 
the outside facing the two slits we have a source of radiation, 
beams of electrons or light, and that we aim this radiation at 
the face of the box with the two slits. By looking at the kind 
of exposure that results on the photographic film, we can 
infer what kind of radiation is penetrating the box. For 
instance, if the radiation consists of beams of particles, then 
only those particles that happen to be aligned with the two 
slits will pass through into the box, and the result should be 
a "particle effect": The photographic film should show a 
diffused piling up of little hits adjacent to the two slits. 

http://home.honolulu.hawaii.edu/%7Epine/book1qts/chapter8qts.html#N_1_
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On the other hand, if the radiation is a wave, then a much 
different effect should result. We should see a "wave effect," 
roughly the same result we would see if we dropped two 
stones into a still pond of water at the same time. Two 
circular undulations would collide into each other and 
interfere with each other. In our example, a wave would 
split in two as it enters the two slits, and then the two waves 
would begin to spread out again, eventually colliding with 
each other as in our pond example. This should cause an 
"interference effect," a wave picture, on the photographic 
film. Instead of a piling effect adjacent to the two slits, the 
radiation would spread throughout the length of the 
photographic film, producing alternating bands of exposure. 
Some of the wave crests would meet and accentuate each 
other, and some would meet the troughs of other waves and 
cancel each other. This is similar to a wave approaching the 
beach and a backwash wave meeting it and producing a 
bigger wave, or a crest meeting a trough of another wave 
and canceling each other. The exposed bands on the 
photographic film would be the result of the crests meeting. 
Such a resourceful experimental process is what Einstein 
had in mind with his clock analogy. We may not be able to 
see the invisible electron, but we can infer a reasonable 
representation of what it is by observing the effects it has on 
macroscopic objects. 

When similar experiments are done, the result is 
remarkable. The photographic film always shows an 
interference effect indicating a wave Amazingly, the 
radiation produces this same effect in passing through a 
vacuum, presumably a physical state with no wave medium 
such as air or water. How can a wave exist without a 
substance of some sort to disturb? Also, when we look 
closely at the exposure of the film, the exposed areas show 
piles of little hits, as if millions of individual particles hit the 
film, each blackening only a single grain of film in 
unpredictable locations. Remember that if the radiation is a 
wave, then as it reaches the film, it should be spread out 
along the entire length of the film like a wave breaking on a 
beach. But how can it hit at only one unpredictable place? 
This is as ridiculous as the possibility of watching a wave 
march toward a beach and seeing the entire wave collapse at 
a single point on the beach! 

  
 

Obviously, more experiments are necessary. Baffling results 
are common in science. So let's close one of the slits and see 
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In the universe great 
acts are made up of 
small deeds. Lao Tsu 

what happens. Perhaps the particles are so small that as 
they penetrate the slits they ricochet all over the interior of 
the chamber, bouncing off each other in a wild 
unpredictable manner which eventually somehow produces 
the illusion of an interference effect. After all, the electron is 
about 10,000 times smaller in mass than an average atom. 
Thus, in closing one of the slits, we would lessen this wild 
ricocheting, and a piling effect should result adjacent to the 
single slit. 

Sometimes nature cooperates. If we alternate in opening and 
closing each slit, the result appears consistent with the 
particle hypothesis -- a double piling effect adjacent to each 
slit. 

But wait. To be sure that we are dealing with a particle, let's 
return to our original experimental setup with two slits open 
simultaneously. This time, however, we will lower the 
intensity of the radiation. Another way to lessen the 
possibility of the ricocheting effect, and at the same time 
rule out once and for all the wave hypothesis, is to filter the 
radiation to such a point that only a single measure of 
radiation passes through into the chamber at a time. If the 
radiation consists of particles, if only a single particle is 
passing through at a time, it can go through only one slit or 
the other. If it is a particle, then it cannot ricochet off other 
particles or be in two places at the same time and ricochet 
off itself. 

 
 
 
 
 
 
 
The "paradox" is only a 
conflict between reality 
and your feeling of 
what reality "ought to 
be."  Richard Feynman 

Conducting this experiment will take more time for an 
exposure to develop because millions of particle hits will be 
required to make an exposure, and there are three possible 
paths for each particle: to penetrate the chamber through 
either of the two slits or be stopped by the lead barrier. 
Nevertheless, we should eventually observe a particle effect -
- a double piling effect of hits adjacent to the two slits. 

Alas, nature fails to cooperate. The result is an interference 
effect, exactly as in our first case. Now we are really in 
trouble. Why should we get a wave effect with two slits 
open, even though the exposure is the result of cumulative 
unpredictable hits, and a particle effect with only one slit 
open? With two slits open the radiation is acting as if it 
penetrates the chamber at two places simultaneously, 
something only a wave can do. With one slit, however, the 
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radiation is more localized,(2) as we would expect from 
particles that can be in only one place at a time. 

It is easy to lose sight of the philosophical significance of 
these results. Many of the great names of science, however, 
who were working at understanding this baffling 
microscopic realm, also had a background in philosophy, 
and it was immediately apparent that there was something 
major at stake here. Since the time of the ancient Greeks 
and the fledgling beginnings of scientific exploration, we 
have assumed that we are dealing with one world, one 
consistent reality. That is, even though we expect the world 
to be baffling at times, with strange and new details of 
discoveries, we also expect that whatever these details are, 
they stay the same independent of our knowing. They are 
objectively "out there" waiting for us to discover, and they 
are what they are regardless of our knowledge or ignorance. 
We assume as Newton did that the world does not depend 
on us or how we choose to make our observations of it. We 
do not expect something to be a particle on Mondays, 
Wednesdays, Fridays, and Sundays, and a wave on 
Tuesdays, Thursdays, and Saturdays -- especially when 
these phenomena are of entirely different types. What kind 
of a world would it be for us if dogs were dogs on certain 
days of the week but turned into cats on others? 

  
 
 
 
 
 
 
 
 
 
 
If we take quantum 
theory seriously as a 
picture of what's really 
going on, each 
measurement does 
more than disturb: it 
profoundly reshapes the 
very fabric of 
reality.  Nick Herbert 

Let's try one more example. What we want to know is, does 
the radiation pass through both open slits simultaneously or 
only one? Consider then the following experimental 
arrangement: both slits open, one measure of radiation 
entering the chamber at a time, but with one added feature -
- a detection device inside the chamber that will reveal 
whether or not the radiation is passing through both slits as 
a wave would or only one or the other of the slits as a 
particle would. Because the situation is almost identical to 
the case in which an interference effect was recorded, we 
would expect to see the detection device react as if a wave 
was surging through both openings simultaneously. On the 
other hand, if the radiation consists of particles, then only 
one instance of detection should be recorded at a time. 
Remarkably, the latter is the case -- only one instance of 
detection is recorded at a time -- and the photographic 
result is now consistent with the arrangement with only one 
slit or the other open!! 

http://home.honolulu.hawaii.edu/%7Epine/book1qts/chapter8qts.html#N_2_
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As physicists conducted further experiments with subatomic 
phenomena, they found that all subatomic phenomena 
display this same ambiguity. This ambiguity has come to be 
known as wave-particle duality. This result was not easy to 
accept. One of the most fundamental principles of science 
seemed to be mocked by these results: the notion that we are 
dealing with, and can know the details of, an objective 
world. To use Einstein's cosmic clock analogy, we expect 
that the internal mechanism stays the same regardless of 
our hypotheses and beliefs about what the internal 
mechanism is. We do not expect the internal mechanism to 
change as we change our experimental attempts to know the 
internal mechanism. 

It is perhaps one of the greatest achievements of the 
twentieth century that in spite of this shock, a very 
successful mathematics was developed that not only allowed 
physicists to predict the results of the above experiments but 
also produced one of the greatest scientific and technological 
success stories in recorded history. In 1926 the physicist 
Erwin Schrodinger discovered a wave equation that predicts 
the above results, but with a high epistemological and 
ontological price. 

As we would expect from the name, the equation literally 
portrays the radiation as a wave, but a very strange wave. 
According to the equation, in our two-slits-open 
configuration as soon as the radiation leaves its preparation 
point, it begins to spread out in a strange multidimensional 
"hyperspace." As it encounters the slits it splits, as any real 
wave would, passing through into the chamber and 
interfering with itself. As the radiation touches the 
photographic film, however, all of the energy of the wave 
collapses to a single unpredictable point! We can never 
predict at what exact point the radiation will be received, 
but we can always, with a remarkable consistency, predict 
the probability of where it will strike and the overall 
statistical pattern, not only for this particular arrangement, 
but for all the others as well. 

Because of the influence of the twentieth century philosophy 
called logical positivism, most physicists have been taught to 
think of the equation as a calculation device, not as 
depicting what is literally real. The special mathematical 
function used is thought to represent only a "probability 
function" for, given initial conditions, the probability of 
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finding a hit, or a pattern of hits, at a particular location. 
Thus, the only waves that exist are said to be "probability 
waves." Thus, just as some astronomers during the middle 
ages thought of Ptolemy's epicycle as just a device used for 
making predictions where planets would be, the wave 
equation is just a device for predicting what electrons will 
do. For the logical positivists, the question of reality was a 
nonsolvable useless philosophical question. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We have sought for firm 
ground and found none. 
The deeper we 
penetrate, the more 
restless becomes the 
universe; all is rushing 
about and vibrating in a 
wild dance.  Max Born 

But wait. Given the tremendous success of our electronic 
technology in the twentieth century are we really no longer 
interested in the foundational reality behind all this success? 
Don't we still want to know what electrons and photons are? 
Let's look at one more example. 

Imagine a light source directed at a half-silvered mirror, a 
mirror covered with a very light reflective coating. Such a 
mirror functions as a beam-splitter. Shining light on the 
mirror tilted at an angle will cause the light to split into two 
separate beams. If we assume that light consists of little 
particles called photons, then the physical properties of the 
half-silvered mirror should cause each individual photon to 
pass through the mirror or be reflected at an angle. Each 
photon must become part of one beam or the other. If we set 
up photon detectors at the appropriate angles, at points A 
and B, individual detections at A or B should result. With 
this experimental arrangement, the mathematics predicts 
that over a sufficient period of time 50 percent of the light 
will be received at A and 50 percent will be received at B. 
Furthermore, if the intensity is lowered through filtering, 
such that only a single photon approaches the mirror at a 
time, then only a single whole photon should be detected at a 
time. Detections at A and B should never be recorded 
simultaneously. This prediction is just common sense. If the 
photon is an individual object, it cannot be in two places at 
the same time. 

When such an experiment is actually conducted one whole 
unit of energy is detected at either A or B, confirming the 
particle interpretation of subatomic phenomena. If a photon 
is a particle, it will pass through the mirror and be detected 
at A or be reflected and detected at B. However, remember 
that the Schrodinger equation is a wave equation. If the 
equation is interpreted literally, the equation describes that 
the light energy is in both channels! The half-silvered 
mirror splits a wave packet into two "hyperspatial, 
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virtual/real, probability" waves. Then at the exact moment 
that the energy reaches the detectors, some sort of strange 
decision is made, and the entire unit of energy is received at 
only one point, at either A or B! The wave packet 
"collapses." If a whole unit is received at A, then the energy 
that was approaching B has jumped over to A. In addition, 
the equation predicts this will happen even if the two 
detectors are separated by many light years, and even if one 
detector is much closer to the half silvered mirror than the 
other. The latter case implies that the energy that is 
approaching the one that is closer, say B, waits?! until the 
energy approaches A, and then either jumps to A or the 
energy that was approaching A goes "backward in time" 
and collapses at B. The mathematics always works, but what 
it describes literally seems impossible. Like Alice in 
Wonderland, we cannot believe in impossible things can we? 
According to the mathematics, there is an instantaneous 
collapse of potentiality in multidimensional hyperspace to a 
three-dimensional location. Strange indeed. So physicists 
who follow the logical positivists party line tell us that we 
must not think of the split wave packets as real, but only as 
a description of the probability of where photons will go. 

But wait. Can we prove that the light really passes through 
both channels? Quantum jumping and wave collapsing 
aside, we can at least test for the photons passing through 
both channels. Consider the following arrangement. This 
time we will create an interferometer by placing totally 
reflecting mirrors at the points where detectors A and B 
were. Thus, if the light beam is really split by the half-
silvered mirror, the totally reflecting mirrors will now 
reflect the split beams of light. If we aim these totally 
reflecting mirrors so that the beams will meet again, it is 
possible to take a picture of the waves interfering with each 
other, just as we did in the two slit experiment. With this 
arrangement, interference fringes result similar to that 
found in the two slit experiment. The interference effect can 
be produced by having one of the totally reflecting mirrors 
slightly farther away than the other, so that the light waves 
will arrive out of phase. The beams are recombined by 
another half-silvered mirror and transmitted to a chamber 
with a photographic plate. 

If the intensity of the light is reduced to one photon at a 
time, the interference effect can only be accounted for by 
assuming the photon really splits into two wave packets and 
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then recombines. In fact, if we pick up an ordinary playing 
card and block one of the paths, there is no interference 
picture. Instead, a defused piling exposure is created, 
similar to the particle picture we received when only one slit 
was open in the previous experiment. If the energy is a 
wave, then we can understand the interference picture. If 
the energy is a particle, then we can understand the fact that 
only one detector at a time receives one whole unit of 
energy. The result of one arrangement indicates that a wave 
of some kind is really passing through both channels 
simultaneously. The result of the other makes sense, if we 
assume that the energy is passing through only one channel 
at a time. If the energy is passing through both channels at 
the same time, why do the detectors not trigger 
simultaneously? How does the energy passing through one 
channel get over to the other detector? How could this 
possibly happen if the detectors are far enough away that 
any transmission of a signal between them would require a 
speed greater than the speed of light? It is time for a little 
philosophy. 

 
The Copenhagen Interpretation 

  
In a sense [for the 
Copenhagen 
Interpretation], the 
observer picks what 
happens. One of the 
unsolved questions is 
whether the observer's 
mind or will somehow 
determines the choice, 
or whether it is simply a 
case of sticking in a 
thumb and pulling out a 
plum at 
random.  Dietrick E. 
Thomsen 
 
 
 
 
 
Atoms are not 

Nature at the subatomic level apparently does not conform 
to normal logic. Since the time of the ancient Greeks, 
Western logic, through Aristotle's law of excluded middle, 
has demanded an "either-or" in our relationship with the 
universe. Either light is a particle or it is not a particle. 
Either light is a wave or it is not a wave. Either the light 
splits and goes through both channels or it does not. If it 
goes through both channels, it should be detected at both 
channels. It is not detected at both channels, yet it does go 
through both channels. If it goes through both channels, 
why is one whole unit of energy detected at only one 
detector? How do two halves spatially separated become one 
whole unit instantaneously? 

No logical inconsistency exits within the mathematics itself. 
In the particle-effect case, the mathematics allows us to 
predict that approximately 50 percent of the time detector A 
will record a unit of energy and 50 percent of the time 
detector B will record a unit of energy. In the interferometer 
arrangement, the mathematics predicts an interference 
effect, and even allows a straightforward calculation of the 
wave length of light by measuring the interference fringes. 
The problem is more in our reaction to the results of these 
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things.  Werner 
Heisenberg 

experiments and the success of the mathematics. We want to 
know what kind of a thing is producing these strange 
results. What is going on "out there" that enables the 
mathematics to be successful? Our minds desire a complete 
understanding. What is real? What is the truth? 

These questions reflect our natural curiosity about reality. 
We want to go deeper, to find the basic, hidden causes of all 
things. Western science since the ancient Greeks has 
assumed an ontology: The cosmos consists of one distinct, 
complete reality full of individual separated details. We 
have also assumed an epistemology: The details, whatever 
they might be, can be known, and the process of knowing 
these details does not affect what the details actually are 
independent of the knower. This is consistent with our 
common sense and what each of us experiences everyday: a 
world undisturbed by human thoughts, wishes and desires, 
full of things, spatially separated from each other, and 
interacting with each other through distinct recognizable 
forces. If someone has a tangerine tree in his yard, he might 
wish that it would be an apple tree, but it will still be a 
tangerine tree. Similarly, we do not think of someone 
thinking cancer into existence or wishing it away. We think 
of the cancer being objectively "out there," something 
beyond our mental control, like trees. We can cut down 
trees and operate on cancer, but they are distinct realities 
that we discover with our thinking, not something that we 
create with our thinking. 

 
 
 
 
 
 
Causality may be 
considered as a mode of 
perception by which we 
reduce our sense 
impressions to 
order.  Niels Bohr 
 
 
 
 
 
 

So it is natural for us to think of electrons or photons as 
some sort of independent things. They show signs of being 
particles, so we begin to think of them as if they really are 
particles independent of our observations of them. But they 
also shows signs of being waves, and they cannot be both 
waves and particles at the same time, no more than a tree 
can be both a tangerine and apple tree at the same time or 
someone can have cancer and not have cancer at the same 
time. 

In the 1920s a few philosophically minded physicists, led by 
the Nobel Prize-winning physicist Niels Bohr, realized that 
nature was trying to tell us something very important. Once 
again nature was using paradox to alert us to a fundamental 
error in the assumptions we were making and the way we 
were asking our questions. According to Bohr, and what is 
known as the Copenhagen interpretation,(3) the results of 

http://home.honolulu.hawaii.edu/%7Epine/book1qts/chapter8qts.html#N_3_
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When Einstein has 
criticized quantum 
theory he has done so 
from the basis of 
dogmatic 
realism.  Werner 
Heisenberg 

these encounters with subatomic phenomena amount to a 
major epistemological discovery. Descriptive terms such as 
"particle," "wave," "position," "mass," and "spin," are 
human concepts. These concepts involving assumptions of 
space and time work for us at a normal macroscopic level 
and will always be indispensable for describing the results of 
our physical experiments. But nature is now making it very 
clear to us that we have reached a barrier in our attempt to 
describe it fully in terms of human concepts derived from 
ordinary experience. 

Wave-particle duality is nature's way of informing us that 
cannot impose our human concepts on the subatomic level. 
Just as Einstein had discovered that we cannot impose our 
normal assumptions of space and time to all levels of reality, 
so quantum physics reveals that we have no empirical 
justification to impose our most basic thoughts about the 
nature of reality on the subatomic realm. The idea of an 
extended thing sitting in a three-dimensional space, waiting 
for us to discover it, is revealed as another human 
projection, a limited image of reality, more of an echo of the 
way our minds work than reality itself. According to Bohr, 
nature empirically reveals this understanding to us by 
showing that we can have only complementary views of 
reality. If we set up an experimental arrangement that 
allows for a wave manifestation of subatomic phenomena, 
wave effects will be observed. If we set up an experimental 
arrangement to view subatomic phenomena as particles, 
particle effects will be observed. According to Werner 
Heisenberg, another major contributor to the Copenhagen 
interpretation, what we observe in our experiments is not 
nature itself, but nature exposed to our methods of 
questioning nature. In short, an electron is not a thing until 
we observe it! 

Bohr argued that this interpretation is a necessary, 
"pragmatic" response. Experiments must be conducted in 
human terms, in laboratories full of macroscopic equipment 
in three dimensions. Our laboratory equipment must be 
capable of measurements that are understandable through 
the conceptual reference frame of human beings. This 
barrier, however, should not be seen as an end to science or 
as an imposed state of ignorance. It is a discovery, a 
momentous discovery about ourselves and the nature of 
science. To discover that complementary views of reality 
exist, rather than only one unified view, is as important as 
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Einstein's discovery that the reference frame of an observer 
is crucial for measuring space and time. Rather than 
limiting science, Bohr viewed this new knowledge as 
liberating the sciences from the tyranny of thinking that 
each science must explain itself in terms of a more basic 
science such as physics and chemistry. Biology, for instance, 
could very well be a complementary perspective on living 
things, not totally reducible to physics and chemistry. 

 
A Debate: Bohr and Einstein 

 
 
We believe in the 
possibility of a theory 
which is able to give a 
complete description of 
reality, the laws of 
which establish 
relations between the 
things themselves and 
not merely between 
their probabilities .... 
God does not play 
dice.  Albert Einstein 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is wrong to think that 
the task of physics is to 
find out how nature is. 
Physics concerns what 
we can say about 
nature.  Niels Bohr 

Ironically, the main resistance to the Copenhagen 
interpretation came from Albert Einstein and a few of his 
followers. Einstein objected very much to the idea that we 
had stumbled upon a barrier to knowing what is real. 
Philosophically, Einstein was a realist who believed that the 
goal of science was to conjecture boldly about the nature of 
reality from the details of our empirical observations. He 
acknowledged that as we continued to probe nature for her 
secrets, we would encounter more and more exotic features, 
the majority of which would never be directly observable 
because of human limitations. He believed, however, that 
the human mind could always infer at least the most likely 
hypothesis about the nature of the reality causing the events 
we do observe. Thus, although Einstein introduced the 
world to a revolutionary view of space and time, one that 
destroyed the classical or Newtonian conceptions of absolute 
space and time, he nevertheless remained a classical 
physicist faithful to the concept of reality Descartes stated 
centuries earlier: "There is nothing so far removed from us 
to be beyond our reach or so hidden that we cannot discover 
it." 

As we noted previously, for Einstein, nature was like a 
mysterious clock. We are limited to observing only the 
exterior features of this clock. We may never be able to see 
directly inside and know for certain how the clock works, 
but by observing and thinking about the movement of the 
hands long enough, the human mind will provide a very 
likely answer as to how the clock works. For Einstein a 
clockwork for the universe exists and can be known. For 
Bohr, for us to assume that a clockwork exists independent 
of our observations that we can picture in human terms is 
only another human philosophical bias, another example in 
a long line of assumptions that experience validates at a 
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certain level, but which experience at another level now 
demonstrates cannot be considered to be true. 

Although Bohr thought quantum physics to be in part an 
important epistemological discovery, and the barrier 
between the human mind and reality primarily pragmatic, 
the Copenhagen interpretation does raise the question of 
whether this epistemological discovery is also an ontological 
one. For Einstein, Bohr's interpretation was much too close 
to, and in fact seemed to imply, a traditional ontology -- an 
ontology historically very much opposed to the major goal 
of scientific method. If an electron is not a thing until it is 
observed by some instrument, does this not imply that 
reality depends on our observations, and hence, ultimately 
the thoughts we use to frame the world? Does this not imply 
that reality is created by human thoughts? 

Metaphysical Idealism is a old and widespread belief stating 
that the physical world as we experience it is basically an 
illusion; the perception of a world of material things 
separated in space is said to be only an appearance. 
Individual things exist only in so far as we have an idea of 
them. Supporters of this metaphysics argue that if there 
were no human observer or recording instrument of any 
kind in a forest, then a falling tree would make no sound. In 
fact, there would be no trees to fall and no forest. When I 
walk out of a room, I assume that the physical room and all 
its contents are still objectively there. But according to the 
Idealist, the room ceases to exist if there is no one there to 
have a thought of the room. 

 Would it (the world) 
otherwise (without 
consciousness) have 
remained a play before 
empty benches, not 
existing for anybody, 
thus quite properly not 
existing?  Erwin 
Schrodinger 
 
 
 
 
 
 
 

The majority of scientists have always viewed this 
metaphysics with disdain, as more of a symptom of despair 
of the sometimes harsh realities of the physical world, as 
primarily a religious view associated with those who find the 
physical universe threatening and who desire a more perfect 
world. Does the Copenhagen interpretation of quantum 
physics validate this philosophy? How embarrassing for 
Western science if this is so. Imagine that after thousands of 
years of struggling to know the details of Democritus' atom, 
Western science shipwrecks into a religious philosophy it 
thought it had left behind at a more primitive time! 

Thus, Einstein viewed quantum physics to be an incomplete 
theory. He argued that we simply do not know enough yet. 
Our knowledge is not complete. Because we cannot produce 
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First they told us the 
world was flat. Then 
they told us it was 
round. Now they are 
telling us it isn't even 
there!  Irving Oyle 

a consistent picture of subatomic phenomena, we obviously 
do not know exactly what these things are yet and enough 
about the mysterious forces governing their motions and 
manifestations. Einstein summarized his view with the 
famous statement, "God does not play dice with the 
universe." In other words, God has created one universe 
and does not choose to have it manifest itself as full of waves 
at one moment and as particles at another for no reason. 

Bohr and Einstein had several public debates over what was 
the proper interpretation to give to the results of quantum 
physics. These were fascinating discussions between two 
intellectual giants, but little was resolved at the time. The 
vast majority of physicists heeded Bohr's advice that there 
was a pragmatic limitation inherent in our measuring 
devices. Physicists should be interested primarily in being 
able to predict experimental results and not in the question 
of what is real. They were persuaded, with the help of a 
philosophical tradition that began with Hume, that the 
question of what is real is primarily an unanswerable 
philosophical question. Physics must concern itself 
primarily with complex experimental arrangements and the 
derivation of the complex mathematical formulas needed to 
predict the "constant conjunctions" of appearances first 
discussed by Hume. On the other hand, motivated by the 
goal of finding a hidden reality, physicists have also pursued 
Einstein's dream of a unified picture of reality, of seeking a 
theory that enables us to understand at a fundamental level 
all the forces of nature. 

Bohr claimed he was being the better empiricist. He argued 
that the results of quantum experiments provide empirical 
evidence that nature does not have a hidden true self that 
can be pictured with human concepts. It seems so obvious 
that nature must have some objective true self. But it also 
seemed so obvious that time was absolute. Einstein provided 
the means to demonstrate with empirical evidence that there 
is no universal, objective, absolute time, one slice of 
simultaneity throughout the universe. Today, to continue to 
believe that there is an absolute time is simply metaphysical 
dogma, given the overwhelming reliable empirical evidence 
to the contrary. But Einstein failed, according to Bohr, to 
understand that the empirical evidence also demonstrates 
that the faith in a hidden, objective reality is but faith in a 
dogma. 
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Bell's Discovery 

  
 
 
Bell's theorem is easy 
to understand but hard 
to believe.  Nick Herbert 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
No elementary 
phenomenon is a 
phenomenon until it is a 
recorded 
phenomenon.  John 
Archibald Wheeler 

So, is there any way of answering the question whether 
nature has a hidden objective reality? Following Bohr, 
experiments have been conducted that are consistent with 
the view that it does not; that in our relationship with the 
universe we can have only different pictures of its clockwork 
-- actually, to be more precise, that a precise clockwork does 
not exist until we attempt to picture it! For many years 
following the Bohr-Einstein debates it was thought that the 
issue between them must forever be relegated to the realm 
of inconclusive philosophical perspectives. No conceivable 
experiment was known that could be conducted to 
disconfirm either one. Bohr could argue that the 
experimental results are most consistent with his theory of 
complementarity, but he could not prove that some day we 
would not discover some bizarre hidden reality that 
explained how an electron could manifest itself as a wave in 
one situation and a particle in another. Similarly, the 
followers of Einstein could argue that if we think, and 
search, long enough someday we will find this hidden 
reality. No one knew of an experiment that would decide 
such an apparent metaphysical issue and eliminate or 
confirm the possibility of a hidden reality. 

In 1964 physicist John Bell discovered that it was 
theoretically possible to test whether or not quantum 
physics was a complete theory. By tinkering with the 
mathematics, he discovered that an experiment could be 
devised to confirm or disconfirm hidden processes, or 
"variables" as physicists refer to them. 

Before we describe this discovery and its application in 
crucial experiments, let us review first why quantum 
measurements are so puzzling. The essence of all the 
puzzles, according to the physicist-philosopher Henry 
Stapp, is "How do energy and information get around so 
fast?" In the interferometer experiment we can demonstrate 
that a wave is passing through both channels. But when we 
modify the experiment to detect the radiation in each 
channel, we detect only one whole unit of energy at a time 
per channel, implying not only that the radiation consists of 
particles, and therefore not waves, but also that the 
radiation is not in both channels. In the particle detection 
experiment the Schrodinger equation describes a wave 
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splitting process with a "probability" wave in both 
channels, and then an instantaneous collapse of a potential 
existence to one localized "actual" spot, to either detector A 
or B. The Copenhagen interpretation deals with this puzzle 
by claiming it is inappropriate to think of the radiation as 
some kind of definite real thing before we measure it. The 
radiation "becomes" something definite, conceptualizable 
by human beings, only after we measure it. (It is always a 
particle after we measure it, even though some 
measurements suggest the particle had wave-like properties 
between measurements.) Reality, specific attributes 
possessed by things, according to the Copenhagen 
interpretation, can only be discussed in terms of an "entire 
experimental arrangement." 

According to Bohr, the problem of quantum measurement 
can be interpreted as a pragmatic epistemological discovery 
and does not necessarily imply an idealist metaphysics. 
Concepts such as "particle" and "wave" are human 
concepts, and we have discovered that nature will not allow 
us to picture it consistently with these concepts. Insofar as 
we must always conduct our experiments through a human 
framework, with human concepts, there is an 
epistemological barrier that no future scientific discovery 
will change. For Bohr, the success of quantum theory 
represents a "treasure chest" of scientific and philosophical 
discoveries. The Copenhagen interpretation should not be 
viewed as advocating a dogmatic end to research and 
discovery, but rather a dramatic discovery that continues a 
trend first started by Copernicus and sustained by the 
startling discoveries of Einstein: The universe is not 
required to conform to human concepts. Our belief that 
nature must have one true self, one consistent clockwork for 
us to tinker with, is revealed to be merely another human 
belief and not necessarily the way things are. 

In a fundamental way Bell's discovery allowed physicists to 
test Bohr's claimed epistemological discovery. A test was 
now possible to see if the subatomic realm had a true self 
independent of our measurements. 

 
Quantum Jogging 

  
 
 

To understand Bell's discovery and the eventual 
experiments, let us try an analogy first. Suppose we have a 
large group of runners. Half of the runners are tall and half 



2017 IJMSHNEM ‘LIFE IS PHOTONIC’ 

60 
 

 
 
 
The hope that new 
experiments will lead us 
back to objective events 
in time and space is 
about as well founded 
as the hope of 
discovering the end of 
the world in the 
unexplored regions of 
the Antarctic.  Werner 
Heisenberg 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I think I can safely say 
that nobody 
understands quantum 
mechanics …. Do not 
keep saying to yourself 
..."But how can it be 
like that?" because you 
will get "down the 
drain," into a blind alley 
from which nobody has 

are short. Suppose that each of the short runners and each 
of the tall runners has a twin. Each of the twins will begin 
running at the same point, but will run a course in the 
opposite direction to a finish line that is the same distance 
from the original point of departure. Suppose also that each 
runner will run the course at the same speed, and that the 
spacing between the times when each runner leaves is such 
that no runner will be able to overtake the one immediately 
preceding him. No tall runners will overtake short runners 
or vice versa. Imagine then a continuous stream of runners 
leaving the original point and running in opposite 
directions. We might have something like this: Two short 
runners leave the starting point one after the other 
simultaneous with their respective twins, then two tall, then 
two short again, then one tall, and one short after that, then 
two tall, and so on. Suppose that overall the pattern is 
random. Suppose further that the contingencies of the 
course and physical training of each runner are such that 
many of the runners will not finish. Now we are ready to 
carry out the implications of our thought experiment. 
Suppose each twin has a strong desire to finish if and only if 
the other does. Our common sense would predict that 
finishing together is not likely. Suppose one of the short 
runners pulls a muscle just before the finish line. How likely 
would it be that the twin, running on an independent track, 
separated by a considerable distance, either knows this and 
decides to stop running or pulls a muscle also and does not 
finish? In other words, if we were to observe the runners 
finishing and established a mathematical correlation of 
completion, we would not expect it to be very high. Suppose 
that about 90 percent of the tall and short runners did not 
finish; it would not be likely that every time a short or tall 
runner finished or did not finish, the respective twin 
finished or did not finish as well. If we found the random 
result at one finish line to be T, T, S, T, S, S, T, S, we would 
not expect this result to be highly correlated or equal to the 
result at the other finish line. We would expect an inequality 
in the results. 

There is one possibility, however, where the results could be 
highly correlated. Suppose each runner carried an 
electronic pager, such that whenever a runner knew they 
could not finish, he would signal the twin not to finish. In 
other words, if the runners could communicate, a very high 
correlation could be established. 
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yet escaped. Nobody 
knows how it can be 
like that.  Richard 
Feynman 

Suppose though that we change our thought experiment a 
little. This time we will control, at one finish line, which 
runners finish and which ones do not. Suppose at a point 
immediately before one of the finish lines we set up a fork in 
the course, such that the short runners must take one path 
and the tall runners another. Suppose further that we have 
control over an electronic switch that closes each path by 
throwing up a barrier for either the short or tall runners. 
By randomly changing the switch we can change which path 
is open and which type of runner finishes. It is important to 
be able to do this after the runners have already left. 
Otherwise the runners could know ahead of time what kind 
of course they must run and adjust their actions 
accordingly. Suppose that the barriers are so close to the 
finish line, and we are able to switch the barriers so rapidly, 
that there is no time for each twin to signal the other 
whether he is going to finish or not. Now clearly there could 
not possibly be a very high correlation. It would be a 
strange result, indeed, if even most of the time when a tall 
runner finished, his twin also finished, and most of the time 
when one did not, his twin did not, and likewise for the short 
runners. 

We assume that the local conditions at a barrier cannot 
instantaneously influence the local conditions at the other 
finish line. This locality assumption is an inherent part of our 
normal view of reality. We assume that the runners are 
independent individuals who will face independent 
conditions at independent places. What Bell showed is that 
if this assumption is correct and also applies to the 
subatomic realm, then the results we obtain in the 
subatomic realm with particles should reflect the same kind 
of inequality in correlation we expect to find in our 
macroscopic realm of short and tall runners. 

Quantum theory, on the other hand, predicts an entirely 
different result for subatomic particles. Because it is 
incorrect to refer to subatomic particles as having any 
definite state with a definite place until a measurement takes 
place, an analogous runner's example to what happens in 
the subatomic realm would be the following: Our runners 
do not exist as definite runners until they are observed to 
finish, and a measurement at one finish line will 
instantaneously produce a correlated set of characteristics 
at the other finish line! From a quantum perspective, the 
locality assumption is denied; it is incorrect to think of our 
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runners as real independent entities, in real independent 
places, experiencing real, local independent circumstances. 
Instead, between the time we see them leave and finish, our 
runners are a "superposition of states" of existence. They 
are neither tall, nor short, nor fast nor slow, but all these 
potential states at once. 

If quantum theory is true, an analogous experiment in the 
subatomic realm should result in a significant violation of 
Bell's inequality deduction, because it is incorrect to think of 
subatomic particles as independent things with definite 
properties until a measurement takes place. If experiments 
are devised where "twin" particles are created and fly off in 
opposite directions like our runners, then quantum theory 
predicts that there will be a high correlation of the particle 
states when they are measured at a quantum finish line, 
because a measurement of one particle instantaneously 
collapses a wave function of potential (or entangled) states, a 
wave function that was created at the time of the twin 
particle creation. 

 
The Aspect Experiment 

  
 
 
Nature loves to 
hide.  Heraclitus 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
My own suspicion is 

Because the locality assumption seems so obvious to our 
common sense, and because the technological tools were not 
sufficiently developed to conduct the proper experiments, 
recognition of the significance of Bell's work was slow in 
coming. A decade after Bell published his work intense 
discussion and experimental work finally began. As is so 
often the case in science, the results of the first experiments 
were inconclusive. By the 1980s using a reliable 
experimental design results supported decisively that in the 
subatomic realm Bell's inequality is violated and the 
predictions of quantum theory are correct. The results were 
consistent with the interpretation that the measurement of a 
subatomic particle at one finish line instantaneously 
determines the state of its twin at another finish line, 
regardless of how far the two finish lines are apart. 

In the realm of subatomic particles our runners are 
replaced by mathematical objects with attributes such as 
"charge," "spin," "velocity", and "momentum." We 
naturally tend to think of these attributes in the same way 
we think of the attributes of our runners. Just as we think of 
each runner as a real independent body with definite 
characteristics such as being short or tall, fast or slow, we 
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that the universe is not 
only queerer than we 
suppose, but queerer 
than we can suppose …. 
I suspect that there are 
more things in heaven 
and Earth than are 
dreamed of, or can be 
dreamed of, in any 
philosophy. That is … 
why I have no 
philosophy myself, and 
must be my excuse for 
dreaming.  J.B.S. 
Haldane 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Physics tells us much 
less about the physical 
world than we thought 
it did.  Bertrand Russell 

are more comfortable thinking of a particle having a real 
location or a real spin. Quantum physics, however, seldom 
allows us to be comfortable. Consider quantum spin. What 
kind of real attribute requires a subatomic particle to turn 
around twice before it shows its original face! Imagine 
looking at a position on the Earth from the Moon, say New 
York, and watching the Earth spin around twice before New 
York is visible again. 

As bizarre as quantum attributes are, quantum physicists 
have learned how to deal with them mathematically and 
even set up experiments which create twin particles with 
opposite spin. The most notable, and most conclusive, we 
will call the Aspect experiment.(4) Using polarization, a 
property that can be thought of as similar to spin, physicists 
tested Bell's inequality prediction.(5) Atoms were excited to 
produce twin photons of light that sped away with opposite 
polarization. Methods were developed to test the states of 
the photons at their respective finish lines. In many respects 
this experiment was analogous to our thought experiment 
with the barriers and electronic switch. Bell's inequality 
theorem was violated. The spins of particles at distant finish 
lines were highly correlated. (In this experiment the main 
interest was in how often the photons at different finish lines 
would be blocked.) Because there was an analogous 
switching device, there was no possibility that a signal could 
be sent at a normal cosmological speed (the speed of light) 
causing the particle's spin to be correlated.(6) In summary, 
the result was as fantastic as our hypothetical, unlikely, 
runners thought experiment, where we find to our 
amazement, in spite of all of our precautions, that most of 
the time when a tall runner finishes or does not finish, so 
does the twin, and most of the time when a short runner 
finishes or does not finish, so does the twin. There is now 
little doubt that a violation of Bell's inequality is a fact of 
life. If there is a hidden reality with forces influencing the 
results of our paradoxical measurements, these forces must 
travel faster than the speed of light. They must be 
instantaneous. 

It is important to realize that the violation of Bell's 
inequality is a "factual" demonstration that at least one 
assumption of Einstein's realism must be false, what we 
referred to above as the locality assumption. To accept the 
totality of Einstein's realism we must assume that the local 
conditions at one finish line could influence the local 

http://home.honolulu.hawaii.edu/%7Epine/book1qts/chapter8qts.html#N_4_
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conditions at the other finish line only if the two locations 
are linked by a causal chain whose transmission of effects 
does not exceed the speed of light. In other words, if reality 
consists of separate objects, then one object cannot influence 
another object unless some sort of signal or influence travels 
from one object to the other during some amount of time. If 
the movement of one object "instantaneously" influences 
the movement of another object, then they are not really 
separate objects. In addition, if someone is standing on one 
side of a dark room with a flashlight, the flashlight must be 
turned on before an object can be illuminated on the other 
side of the room. Recall that some very strange results are 
possible if the speed of light can be exceeded. Our mother 
astronaut could return to Earth and be involved in a fatal 
automobile accident before her child was conceived and 
before leaving for her space voyage. Thus, for many 
reasons, a hidden force travelling faster than the speed of 
light is ruled out as a possible explanation for the puzzling 
results of quantum experiments. The Aspect experiment 
shows that we must reject the totality of Einstein's realism, 
but not necessarily all possible versions of realism. For 
instance, the entire universe at the subatomic level could be 
one interconnected object. 

The results of the Aspect experiment and the violation of 
Bell's inequality are also consistent with the Copenhagen 
interpretation: Quantum objects should not be considered 
things until a measurement takes place. Unfortunately, the 
implications of this interpretation for the nature of reality 
are philosophically disturbing for most physicists. Thus, 
most physicists accept the pragmatic aspect of the 
Copenhagen interpretation and ignore the reality question. 
The reality question is something for "the philosophers" to 
worry about. This response is often portrayed as a 
sophisticated, modern point of view: physics should not be 
concerned with futile philosophical questions, but keep to 
the business of predicting results and applying quantum 
mathematics to novel situations such as computer 
technology, fiber optics, and superconductivity. By any 
standard this approach has been very successful.  Today, 
even quantum crytographic devices are becoming a reality, 
allowing the transfer of money between banks allegedly 
guaranteeing absolute secrecy.  By using pairs of entangled 
photons to send information, any electronic interference 
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from an eavesdropper immediately disturbs the quantum 
entanglement and signals a breach of security as well. 

However, is the instrumentalist approach any different from 
the reaction of past scientists to Ptolemy's epicycles, 
Copernicus's circles around invisible points, or Newton's 
gravity? 

   Quantum Ignorance and Reality 

 
 
No language which 
lends itself to 
visualizability can 
describe the quantum 
jumps.  Max Born 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For many, the reality question beckons still. The history of 
physics, and science in general, shows that the traditional 
pursuit of a deep objective truth is not just an idle ivory 
tower game. A quest for a deep understanding of reality has 
been valuable not only for its own sake but for the purpose 
of maximum practical application as well. The history of 
science has demonstrated repeatedly that when we 
understand the way things are at a deep invisible level, we 
are better able to understand, control, and predict the 
visible world in which we live. Until quantum physics, the 
vast span of scientific endeavor has vindicated Einstein's 
simple vision: The better we have been able to understand 
the invisible mechanism of the cosmic clock, the better we 
have been able to understand the motions of its visible 
hands. We may not be able to see Kepler's ellipses nor 
Newton's gravity in the starry night, but an understanding 
of these veiled realities has enabled us to embrace the night 
sky -- to predict, to control, to see, to explore -- in a manner 
undreamt of by the ancients who so patiently and 
relentlessly watched this surface reality. Other examples 
abound: The understanding of the molecular and atomic 
constitution of matter has enabled us to deal with the 
surface experiences of heat, temperature, and pressure; by 
understanding a deeper level of reality, we have been able to 
create objects that do not exist in nature, such as plastics; 
and now, by understanding the invisible structure of DNA 
we are controlling the development of life itself, with many 
practical applications in agriculture and medicine. 

Is it over? The Copenhagen interpretation implies a strange 
kind of ignorance -- call it quantum ignorance. According to 
Bohr, it is a mistake to search for a hidden, deeper 
mechanism that will explain the results of quantum 
measurements, because between measurements there is 
nothing there to know, that is, nothing there that can be 
conceptualized in human terms. This is nature's way of 
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Reality is the real 
business of 
physics.  Albert Einstein 

educating us, of revealing its ultimate message: "Picture me 
with your human pictures if you must, but do not take your 
pictures too seriously." According to Max Born, another 
contributor to this interpretation, "No language which lends 
itself to visualizability can describe the quantum jumps." 

For those sympathetic with Einstein, there must be 
something more; the results of quantum experiments must 
be only an example of what can be called classical ignorance. 
There must be something there that we are "disturbing" 
when we interact with it in attempting to measure it. We are 
ignorant of why quantum events happen as they do only 
because we do not know all the forces acting on subatomic 
particles, just as we cannot predict each throw of the dice in 
a dice game, because there are too many minute factors 
involved and because any attempt on our part to measure 
these factors in the act would disturb the results. In the case 
of dice there are other ways of demonstrating the existence 
of these factors, and thus we have every reason to believe 
that they are there, even if we cannot control them. 

Bell's theorem and the consequent experiments do not rule 
out some kind of realism, that some kind of hidden force or 
reality is at work in the subatomic realm. They do 
demonstrate, however, that these forces, if they exist, must 
be very strange forces that are capable of propagating 
instantaneously regardless of distance. If our finish lines for 
subatomic particles were billions of miles away, the violation 
of inequality would be the same. If one of our finish lines 
was located in the vicinity of the star Betelgeuse, 540 light 
years distant, and the other on Earth, quantum physics 
predicts the same results. The results of Bell's theorem and 
the Aspect experiment show not only that quantum theory is 
a complete theory but also that any interpretation of 
quantum physics must incorporate the fact of instantaneous 
action. 

So what kind of a reality do we live in? Notice that even the 
language of this question is misleading. To ask what kind of 
a reality we live in suggests that there is one reality 
independent of human beings and our attempt to know and 
measure this reality. Human language has evolved in a 
context of ordinary macroscopic reality. So how can we even 
begin to describe the subatomic realm? If it is a mistake to 
think of the electron as a thing with a definite place, with a 
definite velocity, until "it" is actually observed with a 
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measurement, then it is difficult, to say the least, to 
understand how an "it" can exist without a location prior to 
a measurement which then gives it a location. 

The concept is less difficult mathematically but no less 
strange. Mathematically, quantum physics allows a 
distinction between the static properties of the electron, such 
as "charge" and "mass," and the dynamic properties, such 
as "position" and "velocity." In this way most physicists 
believe that they can avoid versions of idealism, such as that 
of the eighteenth-century Irish philosopher and bishop 
George Berkeley, who taught that physical matter possessed 
reality only insofar as it was perceived by a mind. Put more 
dramatically, Berkeley believed that only mind or 
consciousness exists. For Berkeley, the entire physical 
universe is only an idea in the mind of God. Here is how 
Nick Herbert in his Quantum Reality describes the reaction 
of most physicists: 

No believer in observer-created reality, even the most 
extreme, goes as far as Berkeley. Every physicist upholds 
the absolute existence of matter -- electrons, photons and 
the like -- as well as certain of matter's static attributes. . . . 
Electrons certainly exist -- with the same mass and charge 
whether you look or not -- but it is a mistake to imagine 
them in particular locations or traveling in a particular 
direction unless you actually happen to see one doing so. 

In other words, almost all physicists are convinced that 
something is out there, even though they are convinced that 
whatever it is, it will not conform to classical attempts to 
describe reality. But how can there be some "thing" without 
there being an independent "place" for this something to 
be? When we think of things like ordinary runners or 
elementary particles, we assume that they must have 
independent, objective attributes. What would be left if we 
took away from a tall runner his tallness, his speed, and his 
individual identity of being in one place? What kind of a 
runner could exist that was both short and tall, fast and 
slow, and neither short nor tall, fast nor slow? What kind of 
a runner could exist that only became a tall runner after we 
observed him at the finish line? Whatever they are, 
quantum objects are not ordinary things. 

  A Paradigm for the Twenty-First Century? 
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The observer is never 
entirely replaced by 
instruments; for if he 
were, he could 
obviously obtain no 
knowledge whatsoever 
.... they must be read! 
The observer's senses 
have to step in 
eventually. The most 
careful record, when 
not inspected, tells us 
nothing.  Erwin 
Schrödinger  

According to Nobel laureate Richard Feynman, we "can 
safely say that nobody understands quantum mechanics." 
Consider, however, the following provocative possible 
paradigm for our time. 

We know that the paradigm of Newtonianism involved a 
combination of epistemological and metaphysical 
assumptions: What is real does not depend on us, and 
reality is reducible to small independent particles of 
physical matter and empty space; thoughts, ideas, colors, 
emotions were all considered to be secondary realities, as 
not real, but rather the result of the movement and 
interactions of particles. This view, which we will call 
metaphysical reductionism, is seriously contradicted by the 
science of the twentieth-century, particularly the 
Copenhagen interpretation. What is real does seem to 
depend on us and our method of questioning nature. As the 
physicist E.P. Wigner has claimed, a measurement cannot 
legitimately be said to have taken place until it is 
acknowledged by the conscious awareness of a human being. 
Far from being a secondary reality, consciousness has a 
much greater significance in quantum theory. We confront 
the world with the filters of our human thoughts about the 
world, and nature conforms to these thoughts to some 
extent. A reality becomes manifest based upon the thoughts 
behind one of our experiments. We do not measure reality 
as Newton and all classical physicists believed; we measure 
the "relationship" between reality and our thoughts. 

In the quantum realm it is not possible to pin down a 
consistent reality, and nature teaches us in the process not to 
take our thoughts about reality too seriously, on the one 
hand, and to take them very seriously, on the other hand. 
We should not think of our human concepts of "particle" 
and "wave" as reflecting an independent reality, but we 
have been forced to recognize the creative power of human 
concepts. The mathematics of quantum theory does not 
picture a precise clock with definite parts but a strange 
indefinite cosmic substance capable of manifesting an 
infinite number of fleeting faces. Quantum theory pictures 
the particles that make up everything that we touch and feel 
not as little, hard, definite, independent things, but a tangle 
of possibilities that are entangled with every other tangle of 
possibilities throughout the universe. As with the particles in 
the Aspect experiment, the particles in my body may be 
connected in some way with the particles of your body, and 
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these in turn with particles in a distant sun, in a distant 
galaxy, billions of light years away. 

 
Neorealism 

 
 
 
 
 
There is the immense 
"sea" of energy …. a 
multidimensional 
implicate order ... the 
entire universe of 
matter as we generally 
observe it is to be 
treated as a 
comparatively small 
pattern of excitation. 
This excitation pattern 
is relatively 
autonomous and gives 
rise to approximately 
recurrent, stable and 
separable projections 
into a three-
dimensional explicate 
order of manifestation, 
which is more or less 
equivalent to that of 
space as we commonly 
experience it.  David 
Bohm  

There is little disagreement today among physicists and 
philosophers of science that the metaphysical reductionism 
of the seventeenth, eighteenth, and nineteenth centuries has 
been destroyed by the science of the twentieth century. But 
there is no consensus on a replacement. The results of 
relativity and quantum theory have sent physicists and 
philosophers of science scurrying in many different 
philosophical directions. Although most physicists have 
accepted the practical dictates of the Copenhagen 
interpretation, David Bohm, among others, has refused to 
abandon entirely the realism of Einstein, opting instead for 
a radical neorealism. For Bohm, the Aspect experiment does 
not disprove a hidden reality, but only one that consists of 
separate things! A universe of "undivided wholeness" is 
consistent with all the experimental results. A real universe 
exists independent of our observations of it, but it is not like 
the room that I am in now: a bowl of space with apparent 
independent objects separated into different locations. This 
normal perception is only my human macroscopic view of 
the room. "Underneath," so to speak, from a perspective of 
a multidimensional hyperspace or superspace this 
appearance of separateness can be seen to melt like ink dots 
in water. 

Mathematical equations that literally describe a hyperspace, 
a multidimensional space, which scientists often cryptically 
referred to as "configuration" or "phase" space, are 
common in the mathematics of modern physics. As we have 
noted, most physicists have been taught during their 
university educations to think of these as only mathematical 
devices because it makes no sense to use ordinary language 
or pictures in an attempt to ascribe a reality to such bizarre 
number juggling. Bohm, however, following the 
epistemological lead of Einstein, suggested that what works 
in our equations may point to an underlying reality. 

Consider the following analogy from Bohm's Wholeness and 
the Implicate Order. Imagine a fishbowl with fish slowly 
swimming round and round, occasionally darting here and 
there, changing direction unpredictably. Imagine two TV 
cameras filming the activity of the fish from different points 
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of view. Imagine that in another room a person is sitting 
watching two TV sets receiving the transmissions from the 
two cameras. This person at first might think that he is 
watching two different fishbowls and fish movements, 
except that he would notice an amazing correlation in the 
movements of the two sets of fish. Every time one of the fish 
in one TV screen unpredictably changes direction by 
darting to the left or right, a fish in the other screen changes 
directions also. After watching this activity for awhile, this 
person should be able to infer that the separate images are 
different perspectives of one reality. According to Bohm, 
this is what the long road of scientific endeavor, culminating 
in the experiments of quantum physics, has revealed to us: 
Our normal world of separate objects is but separate images 
of one underlying reality. We set up our three-dimensional 
experiments and then wonder how particles separated by 
light-years can be correlated, but from the standpoint of 
hyperspace the particles are right "next" to each other, so to 
speak; the two apparently separated particles are the same 
particle, just as the two apparently separated fish are the 
same fish. 

 
Flat Land and Hyperspace 

 
 
All things will be in 
everything; nor is it 
possible for them to be 
apart, but all things 
have a portion of 
everything.  Anaxagoras 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Because of our Kantian-Newtonian filters, it is impossible 
for us to imagine what a multidimensional hyperspace is 
like.(7) We can, however, get an idea of what existence in a 
higher dimension is like by comparing our three-
dimensional existence with a hypothetical two-dimensional 
existence called Flat Land. 

Imagine a world that is flat like a piece of writing paper 
upon which flat two-dimensional creatures live. Imagine 
that on this world there are flat two-dimensional houses and 
flat two-dimensional creatures that look like triangles, 
squares, and circles. Because they are two-dimensional, 
these peculiar characters can go about their two-
dimensional business by moving forward or backward, left 
or right, but "up" and "down" have no meaning in this 
world. Relative to this world, we would find that three-
dimensional creatures like ourselves have supernatural 
powers. We could peer into their houses from above and 
watch what they are doing; we could cause strange events to 
happen at great distances simultaneously; we could cause 
correlated behavior in objects that seem separated to our 
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The various particles 
have to be taken 
literally as projections 
of a higher -dimensional 
reality which cannot be 
accounted for in terms 
of any force of 
interaction between 
them.  David Bohm 

flatlanders. We could even cause strange objects to appear 
out of nowhere. We could easily produce quantum jumps. 

Suppose we picked up an ordinary salad fork from our 
three-dimensional world and poked it in and out of this two-
dimensional world. A flatland creature observing this event 
from its two-dimensional world would see only four 
mysterious dots appear from nowhere, move around in a 
coordinated manner, and then vanish as mysteriously as 
they appeared. If we picked up one of these two-dimensional 
creatures and pulled it up into our three-dimensional world, 
the poor creature would have a mystical experience; it 
would experience a reality for which there was no language. 
If we then placed the creature back onto its two-dimensional 
world, perhaps where a number of his friends are discussing 
his mysterious disappearance, the flatlander would appear 
to have materialized out of nowhere. If the creature 
attempted to explain to his friends in flatlander language 
what he had experienced, he would undoubtedly sound like 
a crazy fool, much like the enlightened man in Plato's cave. 

According to Bohm, our observations of electrons and other 
subatomic phenomena in our three-dimensional laboratories 
with three-dimensional equipment are not the result of an 
act of creation of consciousness, but rather an interfacing of 
a multidimensional reality with a three-dimensional one. 
Just as our flatlanders experienced mysterious 
unpredictable events that were explainable from the point of 
view of another dimension, so the behavior of electrons and 
other subatomic phenomena are understandable from the 
point of view of an overlaying, but concealed, "implicate" 
hyperspace. Just as the actions of the four correlated dots 
produced by the three-dimensional fork are seen to be one 
reality, so our entire world of apparent separate particles 
that seem to make up separate objects is but a manifestation 
of one undivided hyperspatial whole. 

The philosophical virtue of such an interpretation of the 
mathematics and experimental results of quantum physics is 
that the realism of our normal three-dimensional world is 
preserved. When we walk out of a room, the room is still 
"there" in a sense. From a hyperspatial perspective, more 
than a three-dimensional room may be there, but the three-
dimensional room is still there for any three-dimensional 
creature to see. We do not create the room with our 
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consciousness out of some strange indeterminate 
nothingness. 

 
 
 
 
By the act of 
observation we have 
selected a "real" history 
out of the many 
realities, and once 
someone has seen a 
tree in our world it 
stays there even when 
nobody is looking at 
it.   John Gribbin 
 
 
 
 
 
 
 
 
Saint Augustine … 
suggested that there 
might be “worlds 
without end” – an 
infinite number of 
different universes … 
though he was reluctant 
to decide on the 
issue.  Where saints 
hesitate, cosmologists 
rush in.  Keith Ward 
 
 
 
 
 
 
 
 
 
 
 
 

Many Worlds 

There is no logical necessity for believing in one universe 
any more than there is for believing that Earth is the center 
of existence. Another interpretation of quantum physics that 
attempts to preserve the general philosophical position of 
realism is known as the Many Worlds interpretation. This 
interpretation preserves realism with a vengeance. In the 
1950's Hugh Everett III, then a graduate student at 
Princeton University, decided to see what would happen if 
the mathematical equations of quantum physics were 
consistently taken literally. To see how this would work let's 
return to our previous experiments. 

Recall the experiment attempting to prove that single 
particles of light pass through only one channel. The result 
of detecting only one whole unit of energy at detector A or B 
was consistent with this interpretation. Yet a particle 
interpretation was not consistent with the outcome of the 
experiment with totally reflecting mirrors replacing 
detectors A and B. The Schrodinger equation depicts waves 
of some sort passing through both channels, and the 
experiment with totally reflecting mirrors demonstrates that 
light, as a wave that splits into two waves, is in both 
channels. According to the Many World's interpretation 
there is a simple, but shocking, explanation for the first 
result. The Schrodinger equation depicts the radiation in 
both channels as real; the reason we only observe it at one 
detector or the other is because when a measurement is 
made the world splits into two equally real worlds! When 
the radiation is detected at A, it has also been detected at B. 
We do not detect it at B, because B is an event taking place 
in another world! And if you ask who is in this other world 
to detect the different result, the answer is equally shocking 
-- the split versions of the experimenters who detected the 
radiation at A in the other world. 

According to this interpretation all the possibilities 
delineated by the Schrodinger equation are real. In making 
an observation of a particular possibility we are not 
collapsing a wave packet or creating a reality from a 
number of possibilities. Rather, like a road with many forks, 
we are choosing a world to travel on from many possible 
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Physics is neither 
epistemologically nor 
ontologically 
neutral.  F.S.C. Northrop 

worlds. All the alternate worlds are paths in hyperspace; 
they are equally real, but we are probably forever cut off 
from them. In every observation we are choosing a branch 
of reality. If the Copenhagen interpretation implies that 
nothing is real independent of observation, the Many 
Worlds interpretation implies that everything is real. We do 
not create a universe with an act of observation; we choose a 
universe that is already there as a possible path. According 
the astrophysicist and science writer John Gribbin, an 
enthusiastic supporter of this interpretation, "By the act of 
observation we have selected a 'real' history out of the many 
realities, and once someone has seen a tree in our world it 
stays there even when nobody is looking at it." 

In the two slit experiment when an attempt was made to see 
if the photons pass through both slits, we found the 
radiation passing through only one slit or the other. 
According to Gribbin, in his book In Search of 
Schrodinger's Cat, here is the proper interpretation of what 
the electron is doing. 

Faced with a choice at the quantum level, not only the 
particle itself but the entire universe splits into two 
versions. In one universe, the particle goes through. . . (one 
hole), in the other it goes through. . . (the other hole). In 
each universe there is an observer who sees the particle go 
through just one hole. And forever afterward the two 
universes are completely separate and noninteracting -- 
which is why there is no interference on the screen of the 
experiment.(8) 

This means, however, that just as there are many routes to 
the future, there are many versions of "us" that will follow 
these paths. Because every observation splits the path we 
are on into alternate universes again and again, there are 
literally billions of alternate paths through hyperspace. 
These alternate worlds, however, are not parallel to us, as in 
so many science fiction novels, but like our three-
dimensional view of two-dimensional flat land, they are at 
right angles. Somewhere in this hyperspace there is a world 
where the South won the American Civil War; a world 
where the Spanish Armada defeated the British; a world 
where John F. Kennedy was not assassinated, and a world 
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where World War III happened and the human species is 
extinct. 

The same kind of thinking that led to this interpretation of the 
quantum mathematics and experiments has more recently 
produced theories on the origin of our universe and the cause of 
the Big Bang. According to one version of these theories, the Big 
Bang and the parameters of our particular universe make up simply 
one particular bubble in an infinite sea of other bubble universes. 
Just as the followers of Einstein have sought for a deep explanation 
of quantum phenomena, so scientists have sought a "Theory of 
Everything" that would explain exactly why we have the type of 
universe that we do. Scientists worry about what they call 
"undetermined parameters." For instance, in our universe the 
electron and the proton have a particular mass and charge. Why do 
they have these values? If any of the values were just a little 
different, the universe would be completely different. Scientists are 
seriously working on theories that will explain these values as a 
particular manifestation of a more fundamental process of universe 
creation, just as a climatologist can explain why the weather in one 
location on the Earth is different than another. Our universe would 
then be just a little bubble created along with an infinite number of 
other bubbles by some process that stirs up an infinite sea of 
hyperspace.(9) 

 
 
 
 
Physics, too, is only an 
interpretation of the 
universe, an 
arrangement of it (to 
suit us, if I may be so 
bold!), rather than a 
clarification.  Friedrich 
Nietzsche 
 
 
 
My mind, in an 
undisciplined way, 
detects the cosmic 
within the nitty-gritty 
and the trivial within 

The Participatory Universe 

Some scientists have found it less shocking to carry out the 
implications of the Copenhagen interpretation than to 
believe that each moment we are splitting into 10100 equally 
real copies of ourselves. The distinguished American 
physicist John Wheeler argued that we must abandon the 
basic tenet of traditional realism -- that the universe is in 
some sense "sitting out there" for us to uncover. In its place, 
according to Wheeler, we must boldly embrace the concept 
of a "participatory universe."(10) 

Adherents of this view claim that all vestiges of traditional 
realism must be abandoned. Both Bohm's neorealism and 
the Many Worlds interpretation are but symptoms of our 
inability to give up a traditional metaphysics. There is no 
clocklike world in any sense sitting out there for our 
observational benefit alone. We do not observe "the real 
world"; we participate with reality by creating a reality for 
us. More precisely, we do not create reality, we select a 

http://home.honolulu.hawaii.edu/%7Epine/book1qts/chapter8qts.html#N_9_
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the infinite.  Harold 
Morowitz 

concrete reality from out of an intermingled dance of 
intangible possibilities. (In the Many Worlds interpretation, 
all the possibilities are concrete.) 

This concept is not as difficult to understand as it may seem. 
Wherever you are right now there are many hidden, 
potential manifestations of energy that all of us have come 
to take for granted in modern life. There are many potential 
channels of electromagnetic information. Although we 
cannot see them or feel them, there are many AM, FM, TV, 
cell phone, text and paging signals passing by us at any 
given moment. They are both here and not here. To make 
these signals of information manifest, to make them 
concrete, we must "tune them in"; we must have a device 
like a radio, TV, pager, or cell phone to collapse the 
indefinite electromagnetic waves into concrete electronic 
digits of information. The human mind is like a radio 
receiver stuck on one channel. When we set up our three-
dimensional laboratory equipment, when we peer into our 
big telescopes and see galaxies millions of light years away, 
we participate with the infinite by manifesting one of its 
faces. It is not a mask; it is definitely there. But only as we 
observe it; just as radio music is music only as we tune it in. 

Our confrontation with the microcosmos has taught us this: 
The results of our experiments are due to our being on one 
channel, but the microcosmos reveals to us, both through 
the gift of mathematics and observational paradoxes, that 
there are many other channels. It has taught us that when 
we go out on a cool, clear night and peer through a pair of 
binoculars at the Andromeda galaxy and receive the light 
that in our normal mode of thinking is two million light 
years old, we are instantly creating in a sense a two million 
year old past. The universe, in a sense, is here because we 
are here. There is still a kind of a past even if I am not 
looking, just as there is potential music in my room, even if 
my radio is off. 

 
 
 
 
 
 
 
 

Mysticism and the Convergence Thesis 

One more interpretation of the implications quantum 
physics deserves some comment. It is a very controversial 
interpretation because it claims that the results of modern 
science have validated a particular religious orientation. 
The possibility of such a development is one of the reasons 
scientists are often reluctant to communicate with the 
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For if those who hold 
that there must be a 
physical basis for 
everything hold that 
these mystical views 
are nonsense, we may 
ask -- What then is the 
physical basis of 
nonsense?...In a world 
of ether and electrons 
we might perhaps 
encounter nonsense; 
we could not encounter 
damned 
nonsense.  Arthur 
Eddington 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[We must] continue to 
insist on the centuries 
long traditon of science 
in which we exclude all 
mysticism and insist on 
the rule of reason.  And 
let no one  use ... 
[quantum] experiment 
to claim that 
information can be 
transmitted faster than 
light or to postulate any 
so-called "quantum 
connectedness" 
between separate 
consciousnesses.  Both 

general public. However, the possible misuse of an idea does 
not prove the idea false. 

For the purpose of identification let's refer to this final 
interpretation as the convergence thesis. Essentially, this 
view argues that our confrontation with the quantum realm 
has demonstrated that Western science, founded upon the 
logic and philosophy of the ancient Greeks, has, after 
travelling a much different philosophical path, converged 
with the philosophy of the East, especially the mystical 
philosophies of Hinduism and Buddhism. This view was 
popularized in the 1970s by physicist Fritjof Capra in The 
Tao of Physics and philosopher Gary Zukav in The Dancing 
Wu Li Masters. According to Capra, "What Buddhists have 
realized through their mystical experience of nature has 
now been rediscovered through the experiments and 
mathematical theories of modern science." And Zukav said, 
"Hindu mythology is virtually a large scale projection into 
the psychological realm of microscopic scientific 
discoveries." 

For many thousands of years the mystics have had a 
cosmological, ontological, and epistemological view of things 
that the Western world is just beginning to 
understand.  Cosmologically, Western science has 
understood only recently that the universe is remarkably 
old. In 1965 the temperature of the universe was measured 
for the first time, eventually resulting in our present 
estimate of the age of the universe as about 14 billion 
years.  In the ancient literature of the East one does not, of 
course, find such precise figures. Instead there are analogies 
such as the following. Imagine an immortal eagle flying over 
the Himalayas only once every 1,000 years; it carries a 
feather in its beak and each time it passes, it lightly brushes 
the tops of the gigantic mountain peaks. The amount of time 
it would take the eagle to completely erode the mighty 
Himalayas is said to be the age of only the present 
manifestation of the universe. Predating modern science by 
thousands of years, such a conception of time is remarkable, 
especially when it is compared to the slow realization of 
Western science and religion to the possibility of a less 
humanlike time scale. 

Ontologically, Eastern mysticism is also consistent with the 
results of quantum physics. The mystics have always 
rejected the idea of a hidden clocklike mechanism, sitting 
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are baseless.  Both are 
mysticism.  Both are 
moonshine.  John 
Archibald Wheeler 
 
 
 
 
 
 
 
 
 
 
 
 
 
In our teaching we have 
an obligation to help 
our students to think 
about the uncertainties 
and ambiguities of 
nature as they are 
found at the interface 
between the known and 
the conjectural, but we 
have also...the higher 
responsibility to help 
them function on this 
side of that interface. 
On this side -- well back 
from the exciting and 
esoteric frontier where 
Einstein and Bohr still 
wrestle to a draw, our 
students are presented 
with obstacles to clear 
thinking and daily 
assaults against science 
and against the 
integrity and reasoning 
of the people who do 
it.  Charles Stores, a 
master teacher. 
 
 
 
 
 

out there, independent of human observation. The number 
one truth is that reality does not consist of separate things, 
but is an indescribable, interconnected oneness. Each object 
of our normal experience is seen to be but a brief 
disturbance of a universal ocean of existence. Maya is the 
illusion that the phenomenal world of separate objects and 
people is the only reality. For the mystics this manifestation 
is real, but it is a fleeting reality; it is a mistake, although a 
natural one, to believe that maya represents a fundamental 
reality. Each person, each physical object, from the 
perspective of eternity is like a brief, disturbed drop of 
water from an unbounded ocean. The goal of enlightenment 
is to understand this -- more precisely, to experience this: to 
see intuitively that the distinction between me and the 
universe is a false dichotomy. The distinction between 
consciousness and physical matter, between mind and body, 
is said to be the result of an unenlightened perspective. 

Epistemologically, our so-called knowledge of the world is 
actually only a projection or creation of our thoughts. 
Reality is ambiguous. It requires thoughts for distinctions to 
become manifest. We have seen that in the realm of the 
quantum, dynamic particle attributes such as "spin," 
"location," and "velocity" are best thought of as relational 
or phenomenal realities. It is a mistake to think of these 
properties as sitting out there; rather they are the result of 
experimental arrangements and ultimately the thoughts of 
experimenters. Quantum particles have a partial 
appearance of individuality, but experiments show that the 
true nature of the quantum lies beyond description in 
human terms. Our filters produce the manifestations we see, 
and the result is just incomplete enough to point to another 
kind of reality, an ambiguous reality of "not this, not that." 

For the mystic, the paradoxes of quantum physics are just 
another symptom of humankind's attempt to describe what 
can only be experienced. We are like a man with a torch 
surrounded by darkness. The man wants to experience the 
darkness, but keeps running senselessly at the darkness with 
his torch still in hand. He does not realize that he must drop 
the torch and plunge into the darkness. The proliferation of 
philosophical interpretations of quantum physics is a 
symptom of the shipwreck of a traditional Western way of 
understanding, of our inability to "let go" of our Western 
torch -- our traditional logic, epistemology, and ontology. It 
is also a symptom of our inability to let go of our 
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egocentricity, our persistent attempt to define everything in 
purely human terms, as if we are somehow special and 
separate from the rest of the universe. Like a nervous, self-
centered teenager at a party, concerned only with what 
others think of him, our entire field of vision and 
understanding is narrowly defined in terms of a "me." 
Because of our fear of letting go, there is much that is right 
in front of us that we are missing. 

According to this interpretation, the mathematics is 
complete just as it is. What the Schrodinger equation 
depicts for microscopic objects is also true for any 
macroscopic object. The universe is not full of separate 
objects, of separate people and places. Rather, it is an 
unbounded field of entangled possibilities. Because of the 
level of our conscious awareness, we fail to realize that 
duality, ambiguity, and interdependence are the rule rather 
than the exception. Mathematics may be one of the closest 
languages we have to representing these truths. All 
languages, however, are ultimately inadequate. Myths, 
stories, analogies, pictures, mathematical equations -- all 
such symbolic systems can but point to that which can only 
be fully understood through a deep meditative experience. 

In the episode entitled "The Edge of Forever" in the 
"Cosmos" television series, Carl Sagan visits India, and by 
way of introducing some of the bizarre ideas of modern 
physics, he acknowledges that of all the world's philosophies 
and religions those originating in India are remarkably 
consistent with contemporary scenarios of space, time, and 
existence. However, adamantly skeptical of the knowledge 
value of a nonrational mystical intuition, he concludes that 
although these religious ideas are worthy of our deep 
respect, this consistency is obviously only a "coincidence." 
Using natural selection as a model, he proposes that it is "no 
doubt an accident," because given enough time and possible 
proposals, given enough creative responses to the great 
mystery of existence, some ideas will fit the truth just right. 

Other critics of the convergence thesis have not been as 
charitable. They argue that it is just plain silly to interpret 
an ancient belief system, founded upon certain psychological 
needs and within a historical context, in terms of any 
modern perspective. It is obvious, they argue, how the 
Hindu and Buddhist beliefs could soothe people living under 
extreme conditions. If our day-to-day reality is but a fleeting 
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manifestation, then the vicious misfortune and meaningless 
suffering of this world are not real. For these critics, the 
methodology of psychological need as an origin of these 
ideas implies there is no connection. By understanding the 
obvious psychological motivation for a set of beliefs, it is 
argued, one can question the truth of these beliefs. To 
further suggest that there is any connection between these 
beliefs and the results of rigorous experimental science is 
ludicrous. 

Defenders of the convergence thesis argue that these 
arguments are flawed. If the ideas of Hinduism and 
Buddhism are simply the result of a lot of guessing, and the 
serendipitous contingency of evolutionary processes the 
appropriate model, then shouldn't all the guessing that takes 
place over time should be consistent with a macroscopic 
environment, not a microscopic environment with which a 
primitive people have no experience? And even if it is true 
that a belief system serves a set of psychological needs, does 
this prove the belief system false? Many scientists are also 
surely motivated for many reasons to hold the beliefs they 
do: a philosophical perspective, the need for certainty, the 
need for security (be it a government grant or tenure at a 
prestigious university). That scientists have biases and 
motivations to believe what they do does not prove that 
what they finally believe is false. 

Both of these arguments, however, do reveal a sobering 
point. The philosophical consistency between Hinduism and 
Buddhism and the results of modern science does not prove 
much by itself. Historically, we have seen many instances of 
a philosophy or a religious view being consistent with the 
science of a time, and a consequent rush to claim that the 
new science validates a religion or a philosophy. For both 
Copernicus and Kepler, the sun-centered system of the 
planets was consistent with their Neoplatonism and the idea 
that the sun was the "material domicile" of God. Similarly, 
for Bruno the sun-centered system was consistent with a 
larger universe and a greater God. For Newton a universe 
based upon the laws of universal gravitation was consistent 
with a conception of God as a master craftsman, a creator of 
an almost perfect machine who left a few defects with which 
to give Himself something to do. For some of the initial 
supporters of Darwin, natural selection was interpreted as a 
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vindication of a philosophy of inevitable progress based 
upon a capitalistic economic system. 

Perhaps the more pertinent question, applicable to all the 
interpretations of quantum physics, is not which offered 
paradigm is the truth, but which one will give us the most 
mileage? Which one, if followed as a guide, will be the most 
fruitful in stimulating the imagination of the next generation 
of scientists in devising new ideas, mathematical 
relationships, and experiments? In this chapter we have not 
given much attention to that area of modern physics that 
recently has gotten the most notoriety. In spite of the 
overwhelming success of the experimental demonstration 
that a traditional metaphysics of reductionism is 
inadequate, most physicists, concerned with the day to day 
demands of obtaining research grants and Nobel prizes, 
have simply filed such demonstrations away and continued 
with the Einsteinian quest, searching for more and more 
exotic particles, new "things" that will prove the 
supersymmetry theories, unifying all the known forces of 
nature and catapulting our understanding to the first 
microseconds of the universe and perhaps beyond. 

 
 
 
 
 
 
 
 
 
 
 
 
I believe that certain 
erroneous 
developments in 
particle theory...are 
caused by a 
misconception by some 
physicists that it is 
possible to avoid 
philosophical 
arguments altogether. 
Starting with poor 

String Theory 

In spite of the tremendous explanatory, experimental, and 
technological success of quantum theory, physicists are still 
bothered today over the fact that the theory has not been 
unified with Einstein's general theory of relativity. Even 
more important, when our best physical theories are used to 
explain the origin, development, and current state of the 
universe, there remains an underlying lack of elegance 
similar to what bothered Copernicus, Kepler, and Galileo 
about the Ptolemaic universe. Just as retrograde motion was 
not rigorously determined by the Ptolemaic geometric 
machinery, so our current understanding of why the 
elementary particles have the properties that they do and 
why there are four forces in nature seems incomplete. For 
instance, why is a muan (mostly detected in cosmic rays 
from outer space) very similar to an electron except have a 
mass 200 times heavier? Why does a proton have the mass 
that it does? Why does a photon have zero mass? Physicists 
call these quantities undetermined "parameters," and like 
Copernicus and Kepler they want to find the God equation, 
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philosophy, they pose 
the wrong questions. It 
is only a slight 
exaggeration to say 
that good physics has at 
times been spoiled by 
poor 
philosophy.  Werner 
Heisenberg 
 
 
 
 
 
 
 
 
 
 
To see the world in a 
grain of sand. 
And heaven in a wild 
flower; 
Hold infinity in the palm 
of your hand. 
And eternity in an 
hour.  William Blake 
 
 
 
 
 
 
 
 
 
 
 
What holds true in the 
world of electrons does 
not govern the world of 
chess and 
apples.  James Randi 

one master principle or set of equations that explains 
everything. 

Today, for physicists interested in such cosmological holy 
grails the place to be working in developing a career is in 
what is called String theory. Direct empirical evidence does 
not yet exist for the theory, and some physicists have 
estimated that it would require an accelerator like CERN, 
the size of a galaxy to produce the necessary energy for 
direct empirical evidence of the foundational ingredients of 
the theory. Nevertheless, the potential elegance and 
explanatory power of the theory are so great that thousands 
of physicists in the past several decades have dropped 
former projects to pursue the new theory. 

According to this theory, all the particles of matter and the 
forces of nature might be explained by purely mathematical 
objects, tiny strings that vibrate in and out of various 
multidimensional spaces, called Calabi-Yau spaces. Just as 
music is made by the vibration of piano or violin strings, in 
String theory an electron is explained as a particular 
resonate pulsation of a string vibrating in a particular way 
in multidimensional space and a muan results from a 
different type of vibration. According to physicist Brian 
Greene, 

Far from being a collection of chaotic experimental facts, particle 
properties in string theory are the manifestation of one and the 
same physical feature: the resonate patterns of vibration - the 
music, so to speak - of fundamental loops of string. The same idea 
applies to the forces of nature as well ... force particles are also 
associated with particular patterns of string vibration and hence 
everything, all matter and all forces, is unified under the same 
rubric of microscopic string oscillations - the 'notes' that strings 
play.(11) 

It is important to note the possible philosophical 
implications of such a theory. The table my computer is 
sitting on is already seen as somewhat illusory by the 
standards of quantum physics. It is not really hard and 
solid. The hardness is simply a human perception based on 
how we physically feel the result of the interaction between 
the opposing negative electric charges from the electrons on 
the surface of our hands and the table. Our perception of 
hardness is actually the result of electromagnetic forces. 

http://home.honolulu.hawaii.edu/%7Epine/book1qts/chapter8qts.html#N_1_
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Furthermore, the atoms in the table are 99.9% empty space, 
and if the Schrodinger equation is taken literally, a big "if" 
remember, the electrons are only mostly "there" in the table 
I see. Some of the energy of the electrons is smeared 
throughout the universe. Now, String theory goes even 
further. Not only are the electrons, protons, and neutrons 
not little solid particles of matter, they seem to be as 
ephemeral as music. To use Galileo's language, a point 
though that would certainly have shocked Galileo himself, 
particles of matter appear to be "secondary qualities." But 
what then are the primary qualities? Ultimately, what is 
reality made of? 

Now, do not think that these strings are like strings in our 
commonsense world. A piano string is of course made of 
atoms, but the strings of String theory are mathematical 
objects that can have a certain mathematical tension and 
vibrate in certain ways, but they are not made of anything 
more basic. They are geometric objects. Most important, 
strings vibrate the way they do due to the "spaces" they are 
in - the multidimensional spaces. According to Brian 
Greene, 

This means that extradimensional geometry determines 
fundamental physical attributes like particle masses and charges 
that we observe in the usual three large space dimensions of 
common experience . . . that . . . fundamental properties of the 
universe are determined, in large measure, by the geometrical size 
and shape of the extra dimensions.(12) 

But what is the ontological status of these extradimensional 
geometric spaces? Democritus' solid little atom is surely 
gone. What should we think about metaphysical 
materialism in general? What we call matter and physical 
things seem to be made of mathematical objects. Defenders 
of Idealism will surely claim that these objects are thoughts 
or concepts, and that Plato basically had it right about 
reality over 2,000 years ago. Recall that for Plato the idea of 
a triangle was more real than any physical manifestation of 
a triangle. Matter is the illusion; ideas are real. Math existed 
before the physical universe. Now in String theory 
mathematical relationships make the universe that we see, 
and these mathematical relationships are not relationships 
between pieces of matter. They make the matter! 

http://home.honolulu.hawaii.edu/%7Epine/book1qts/chapter8qts.html#N_2_
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Einstein complained that quantum physics was incomplete 
because of unification problems and because he believed in 
an objective universe, not one created by our thoughts. 
What if String theory is successful? What are we to make of 
reality if the unification of physics implies thoughts are 
ontologically prior to matter?(13) 

The pursuit of String theory continues in earnest. Debates rage over 
the philosophical implications. One senses that nature is not yet 
ready to succumb completely to our latest gestures of 
understanding. Every past success at understanding has produced 
new mysteries. Why should it be any different now? There is every 
reason to believe that our romance will continue, that there are 
many mysteries left for a new generation of physicists. Although 
there have been many pretenders since the time of Kepler, no one 
has yet read the mind of God. 

 

1. Technically these are known as the Photoelectric effect, Compton effect, Young and 
Davisson-Germer diffraction wave experiments, Stern-Gerlach interferometer experiments, 
Bell's inequality theorem and the Aspect experiments. (Click Back to return to text.)  

2. Actually a diffraction pattern, a diffused piling effect, results, which is also a wave effect. So 
the wave effect shows particle characteristics, the individual hits on the film, and the particle 
effect shows wave characteristics, the diffraction pattern.  

3. So called because much of the work done by Bohr, Werner Heisenberg, and others was done 
in Copenhagen, Denmark.  

4. After the French physicist Alain Aspect, who was the leader of a team that conducted this 
crucial experiment. The results were published in an unassuming three page paper "Experimental 
Tests of Realistic Local Theories via Bell's Theorem," Physics Review Letters, Aug. 17, 1981.  

5. Polarization is what makes Polaroid lenses and dark glasses possible. A Polaroid lens allows 
photons of light with only a particular spin orientation to pass through. Those without this 
orientation are blocked, thus selectively lessening the intensity of light that passes through.  

6. Switching devices were activated by high-frequency waves at a rate 100 million times per 
second. Because the finish lines were 10 meters apart, no signal could be exchanged between the 
separated particles at the speed of light.  

7. Some attempts at unifying all the known physical forces into a superforce have used 
mathematical devices that refer to between 11 and 26 dimensions.  
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8. John Gribbin, In Search of Schrodinger's Cat: Quantum Physics and Reality (N.Y.: Bantam 
Books, 1984), p. 241. The title is taken from a paradox first discussed by Schrodinger. If a cat is 
placed in a special box with a deadly vial of poison and a quantum device is used to trigger its 
release, then until we open the box to measure the state of the cat, the cat is both alive and dead. 
Like the electron, the cat is represented by a superposition of states. The Many World's 
interpretation solves this paradox by claiming that in one world the cat is alive and in another it 
is dead.  

9. This process would not be a onetime event. It would be on-going with many universes being 
created before and after ours.  

10. However, Wheeler has been very critical of those who would use this abandonment of 
realism as an excuse for believing in the occult or mysticism. See the next section.  

11.  Brian Greene, The Elegant Universe: Superstrings, Hidden Dimensions, and the Quest for 
the Ultimate Theory(New York: Vintage Books, 2000), pp. 15-16.  

12. Greene, p. 206. Greene's emphasis.  

13. Although space does not permit us to discuss this further, it is worth noting that there are two types 
of Idealism, objective and subjective. For an objective idealist, ideas have an independent reality. Plato 
believed that the idea of a triangle existed even if there were no human minds around to discover it. For 
a subjective idealist, our thoughts create reality. For the philosopher Berkeley if there were no mind 
around, a tree falling in a forest would have no sound. In fact, there would be no forest. The type of 
idealism that Einstein objected the most to was subjective idealism, which seems to be implied by the 
Copenhagen interpretation. String theory seems to support objective idealism. Einstein may have 
approved of this type of Idealism, because he did believe in Spinoza's God, a God of pure consciousness 
and thought. Spinoza also believed studying mathematics was the closest we could come to in 
understanding God. 

Quantum Reality: Beyond the New Physics, by Nick Herbert (Garden City, N.Y:, Anchor Press, 
1985).  

Although many books have attempted to convey to a generalist audience the philosophical 
excitement and perplexities inherent in the development of quantum physics, this book is highly 
recommended for its readable style, objectivity, and boldness. It presents each of the major 
interpretations of quantum physics fairly and is written by a physicist willing to discuss issues of 
reality in a nonmathematical language (something most physicists have been taught not to do). 
It also incorporates historical perspective with the important work by Bell and Aspect. For other 
introductory presentations for the nonspecialist see Taking the Quantum Leap, by Fred Alan 
Wolf (San Francisco: Harper and Row, 1981) and In Search of Schrodinger's Cat: Quantum 
Physics and Reality, by John Gribbin (New York: Bantam Books, 1984), both of which advocate a 
particular philosophical perspective.  
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The Dancing Wu Li Masters: an Overview of the New Physics, by Gary Zukav (New York: 
Morrow, 1979), and The Tao of Physics: An Exploration of the Parallels between Modern 
Physics and Eastern Mysticism, by Fritjof Capra (Berkeley, Calif.: Shambhala, 1975).  

Although these books are also intended to be introductory, both are controversial, as noted in 
this chapter, in advocating the convergence thesis. If nothing else, both books show how 
developments in the quantum domain have caused the Western mind to reach beyond its 
cultural tradition for some philosophical help and guidance in constructing a new image of 
reality. Also see, Einstein's Space and Van Gogh's Sky: Physical Reality and Beyond, by 
Lawrence L. LeShan (a psychologist) and Henry Margenau (a physicist) (New York: Macmillan, 
1982) for an attempt to frame a new view of reality and mind using Eastern philosophy as a 
guide. The authors even discuss parapsychology and extrasensory perception within this 
context.  

Atomic Physics and Human Knowledge, by Niels Henrik David Bohr (New York: Wiley, 1958), Physics 
and Philosophy; the Revolution in Modern Science, by Werner Heisenberg (New York: Harper, 1958), 
and Mind and Matter, by Erwin Schrodinger (Cambridge, England: Cambridge University Press, 1958).  

In these books three of the major players in the development of quantum physics give their 
interpretations of what this development means. Also see Heisenberg's Philosophical Problems 
of Quantum Physics (Woodbridge, Conn.: Ox Bow Press, 1979), and Across the Frontiers (New 
York: Harper & Row, 1974).  

The Philosophy of Quantum Mechanics; the Interpretations of Quantum Mechanics in Historical 
Perspective, by Max Jammer (New York: Wiley, 1974).  

A complete scholarly resource for anyone ready to get serious about understanding the 
different schools of thought, and their historical origin, that have arisen in response to quantum 
physics. With some higher order mathematics the book covers from the 1920's up through the 
significance of Bell's work and the Many Worlds interpretation. Includes a very nice 
development of the Copenhagen interpretation and the Bohr-Einstein debates.  

The Shaky Game: Einstein, Reality, and the Quantum Theory, by Arthur Fine (Chicago: University of 
Chicago Press, 1986).  

The book's title is taken from Einstein's concern that the Copenhagen interpretation implies 
playing a "risky game" with reality, that physics was abandoning its role of determining the 
independent physical states of a natural world. The author argues that Einstein was 
misunderstood and that the Bell and Aspect developments in quantum physics may be 
incompatible with a "reductive" and classical realism, but are not necessarily incompatible with 
a "minimal" realism or what the author calls a "natural ontological attitude." Although the 
author's attempt to semantically navigate around the implications of the Aspect experiment is 
suspect, the book summarizes the philosophical issues well.  

Quantum Theory and the Schism in Physics, by Sir Karl Raimund Popper, ed. by William Warren Bartley 
(Totowa, N.J.: Rowman and Littlefield, 1982).  
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This compilation of writings and thoughts on quantum physics starts in the 1920s. It represents 
an attempt by one of the major philosophical figures of the twentieth century to counter the 
"subjectivism," and what the author calls "the great quantum muddle," produced by 
Heisenberg's and Bohr's Copenhagen Interpretation. Popper argues that a proper understanding 
of quantum physics, involving a "propensity" particle interpretation, where there are no waves 
and only objective probabilities of (admittedly queer) particles, can return science to its rightful 
enterprise of relentlessly getting us closer to the truth. Because this interpretation would 
ultimately have us return to thinking of electrons, photons, and protons as independent real 
things capable of precise locations, a position apparently refuted by the Aspect experiment, the 
author has been accused of violating his own epistemology and imposing a dogmatic 
metaphysics upon science. For an especially scathing criticism of Popper's interpretation, see 
Paul Feyerabend's "On a Recent Critique of Complementarity," Philosophy of Science 35 (1968): 
pp. 309-331; and 36 (1969): 82-105, and "Trivializing Knowledge: a Review of Popper's 
Postscript," Inquiry -- An Interdisciplinary Journal of Philosophy 29, no. 1, (1986): pp. 93-119.  

Wholeness and the Implicate Order, by David Bohm (London: Routledge & K. Paul, 1980).  

An important work. Bohm is most noted for his unsuccessful attempt at creating a "hidden 
variable" interpretation of quantum physics that will lead to novel, testable predictions.  Bohm's 
book gives us a glimpse of a possible, creative neorealism that preserves the undefinable, 
undescribable, and immeasurable nature of quantum reality. The book also contains comments 
on Eastern mysticism and the ultimate philosophical questions generated by modern science. 
For Bohm's thoughts on the latter, also see his discussions with the noted mystic, Jiddu 
Krishnamurti, in their Truth and Actuality (San Francisco: Harper & Row, 1980). For two other 
interesting attempts to reestablish some kind of realism in quantum physics, see Bernard 
d'Espagnat's In Search of Reality (New York: Springer-Verlag, 1983), and Alastair I. M. Rae's, 
Quantum Physics, Illusion or Reality? (Cambridge, England: Cambridge University Press, 1986).  

Quantum Theory and Reality, ed. by Mario Bunge (New York: Springer, 1967), Paradigms & Paradoxes; 
the Philosophical Challenges of the Quantum Domain, ed. by Robert Garland Colodny and Arthur Fine 
(Pittsburgh: University of Pittsburgh Press, 1972), and From Quarks to Quasars: Philosophical Problems 
of Modern Physics, ed. by Robert Garland Colodny and Alberto Coffa (Pittsburgh: University of 
Pittsburgh Press, 1986).  

Books of readings by philosophers of science. The first one contains the original article by Karl 
Popper, revised and expanded in his Schism book, in which he characterizes the Copenhagen 
interpretation as causing "the great quantum muddle," and the last two contain excellent 
articles on Einstein. See "Quantum Mechanics without 'The Observer,'" by Popper in the Bunge 
book, "The Nature of Quantum Mechanical Reality: Einstein versus Bohr," by C.A. Hooker in 
Paradigms, and "Einstein and the Quantum: Fifty Years of Struggle," by John Stachel in From 
Quarks to Quasars.  

Flatland--A Romance of Many Dimensions, by Edwin A. Abbott (IndyPublish.com, 2002) 

The original version of this book was published in 1880.  Several books have been written since to 
help the general reader and non-mathematician understand the possibility of dimensions beyond 
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our common sense perspective on space.  (See also, Flatterland: Like Flatland, Only More So, by 
Ian Stewart)  In addition to making fun of our egocentric views of reality, Abbott also satirized the 
ethnocentrism of his Victorian England society. 

Articles to Knock Your Socks Off:  

"An Obstacle to Creating a Universe in the Laboratory," A. Farhi and Alan Guth, Physics 
Letters. 183 B (1987): 149-155.  

"Are Superluminal Connections Necessary?", Henry Pierce Stapp. Nuovo Cimento 40B, no. 1 
(1977): 191-204.  

"Creation of the Universe from Nothing," Physics Letters. 117 B (1982): 25-28.  

"Demonstrating Single Photon Interference," Arthur L. Robinson. Science 231 (February 14, 
1986): 671-672.  

"Einstein Was Wrong," Paul Davies. Science Digest, (April 1982): 40-41.  

"Origin or the Universe as a Quantum Tunneling Event," Physical Review D 25 (1982): 2065-
2073.  

"Princeton University Dean of Engineering Justifies Psychic Research." Science News 116, no. 
21 (November 24, 1979): 358-359.  

"Testing Superposition in Quantum Mechanics," Arthur L. Robinson. Science 231 (March 21, 
1986): 1370-1372.  

"The Copenhagen Interpretation," Henry Pierce Stapp. American Journal of Physics 40 (August 
1972): 1098-1116. 
 
"The Quantum Theory and Reality," Bernard d'Espagnat. Scientific American 241, (Nov. 1979): 
158-181.  

An Introduction to Reality Shifts 
Most of us have noticed things missing from places where we're certain we last saw them. Lost socks, 
missing keys, wallets, and tools often seem to have a mind of their own... disappearing from the places 
we know we put them and sometimes reappearing unexpectedly. Mechanics are so familiar with this 
phenomenon that they refer to "gremlins" who must be responsible for moving their tools around.  
 
We also notice synchronicities and coincidences in our lives... times when the events happening around 
us seem orchestrated to bring together ideas, people, and situations. 
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Take a moment now to consider the possibility that your thoughts and feelings are responsible for 
creating your experience of reality... that the very way you observe the universe is affecting what you 
are observing. Just as the most fundamental building blocks of matter and energy are non-locally 
connected across time and space so that they change their spin simultaneously when they are 
observed, so too can we notice such "spooky action at a distance" when we make wishes or prayers 
that come true. 
 
Albert Einstein used the expression “spooky action at a distance” to convey his doubt that quantum 
non-locality could exist. Quantum non-locality was experimentally proven in the 1980’s in Paris in a 
series of experiments conducted by Alain Aspect and his colleagues. These experiments measured the 
polarization of two twin photons... one photon being “up” and the other “down” as they traveled in 
different directions. Aspect’s experiments dealt with beams of correlated photons (pairs of one up and 
one down photon), and these experiments showed that as the angle of measurement changed for 
measuring the first group of photons, the statistical probability of the second group of photons going 
through the filter at a different angle was changed. 
 
Physicists seeking to prove that the world operates locally (a measurement taken in one place cannot 
have a remote effect) conducted an experiment in the early 1970’s in Berkeley, California. John Clauser, 
Michael Horne, Abner Shimony and Richard Holt were surprised to find that quantum particles DO 
change their polarization across distances of space. This experiment was especially significant, because 
the experimenters set out to prove locality, and were unable to do so. 
 
The connection between “spooky action at a distance” and wishes and prayers is that everything in this 
universe is made up of quantum material at its very core. You and I and everything else that exists 
consist of particles that have twin particles located elsewhere. When changes occur within us, twin 
particles elsewhere are simultaneously affected. Since quantum particles appear as “particles” at the 
point in time and space where they are observed... the very act of observation in one place (wishing or 
hoping or praying) brings about change elsewhere. 
 
Reality shift experiences have been almost universally ignored or denied until now, when the subject 
can finally be raised in a non-stigmatizing way with the explanation that these changes are not in 
violation of the laws of physics, but are a natural part of the way we interact with the world. 

 
 
 

 

Why Reality Shifts 
Physics is a science, and as such, it's answers will be ever-changing. We can find eternal answers in 
spiritual teachings by enlightened men and women who have understood the basic truths about the 
nature of reality. In other words, we may think we finally know what's going on according to the latest 
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discoveries in science, yet each new discovery is just a step on a path of ever-greater understanding. 
Wise spiritual teachers have long known that reality shifts with our thoughts and feelings. 

 
 
All matter has a quantum nature 
 
Quantum mechanics does not merely apply to the realm of the very small. Physicists working on finding 
the theory of everything (TOE) are currently working to unify quantum physics with relativity... so that 
one theory can explain the physical behavior of everything from the tiniest subatomic particles to the 
biggest celestial bodies. As physicist David Greene writes from the perspective of a physicist on the 
front-lines of the TOE quest in his book, The Elegant Universe,  
 
 
"The strategy of beginning with a theoretical description that is classical 
and then subsequently including the features of quantum mechanics has 
been extremely fruitful for years. It underlies, for example, the standard 
model of quantum physics. But it is possible, and there is growing evidence 
that it is likely, that this method is too conservative for dealing with theories 
that are as far-reaching as string theory and M-theory. The reason is that 
once we realize that the universe is governed by quantum mechanical principles, 
our theories really should be quantum mechanical from the start. We have 
successfully gotten away with starting from a classical perspective until now 
because we have not been probing the universe at a deep enough level for this 
coarse approach to mislead us. But with the depth of string/M-theory, we may 
well have come to the end of the line for this battle-tested strategy."  
 
 
These physics pioneers on the cutting edge of finding the TOE believe that our universe most likely 
consists of many more than the three spatial dimensions we are familiar with... and that many more 
dimensions lie hidden all around and inside us, curled up. 

 
Quantum behavior changes our assumptions about reality 
 
Our old assumptions about the true nature of reality don't work in the realm of the very small 
("quantum")... so that means they need to be replaced with better assumptions. Experiments in 
quantum physics have proven that assumptions of locality, causality, objectivity, and material monism 
(only matter matters) are incorrect. Better assumptions at the quantum level are: 
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Non-locality 
Probability 

Interconnectivity 
Mind and Matter are inseparable 

 
 
What is really happening at the quantum level? 
 
There are four leading quantum theories, all of which work equally well at predicting the behavior of 
quantum particles. Whichever interpretation you prefer, remember that it describes quantum particles 
as behaving non-locally according to probabilities... and every time an observer makes any 
measurement, that observation changes the world. 

 
 
Copenhagen Interpretation 

The Copenhagen interpretation of quantum physics was first described and presented by Niels Bohr in 
Italy in 1927. Bohr suggested that quantum particles exist as waves which might be anywhere until the 
wave function is collapsed. As long as nobody looks, each quantum particle is equally distributed in a 
series of overlapping probability waves, in a superposition of states. 

 
Many Worlds Interpretation 

In the 1950's, Hugh Everett III proposed that every possibility inherent in each wave function is real, 
and that ALL of them occur. Possibilities become actualities with each measurement that is made, and 
infinite slightly different realities come into existence as each quantum event is observed. All 
possibilities are equally real. 

 
Transactional Interpretation 

John Cramer's transactional interpretation of quantum physics suggests that "handshakes" take place 
between quantum particles in different points in time and space. In Cramer's interpretation, a particle 
here and now on Earth instantaneously communicates with particles light-years away in time and 
space, as one particle sends an "offer" wave and another responds with a "confirmation" wave. 

 
 
Holographic Interpretation 
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Physicist David Bohm and neurophysiologist Karl Pribram proposed that the universe may be like a 
giant hologram, containing both matter and consciousness as a single field. This model suggests that 
the objective world "out there" is a vast ocean of waves and frequencies which appears solid to us only 
because our brains convert that enfolded hologram into an unfolded sense of material we can perceive 
with our senses. 

 

 

Alain Aspect of the University of Paris, in 1982 discovered that subatomic 
particles like electrons are capable of immediate communication no matter the 
distance. If a particle by interventions of the researcher received an opposite 
"spin", this would have an immediate effect on its "twin particle" whether the 
distance was 10 miles or 10.000 miles, or 10.000.000 miles for that matter. This 
would mean that the transfer of communication between these particles took place 
faster than light, which is in contradiction with Einstein's theories that tell us that 
nothing can go faster than light.  

  

NONLOCAL CORRELATION by two 
particles is demonstrated in the Franson 
experiment which sends two photons to 
separate but identical interferometer. 
Each photon may take a short route or a 
longer 'detour' at the first beam splitter 
They may leave through the upper or 
lower exit ports. A detector looks at the 
photons leaving the upper exit ports. 
Before entering its interferometer, 
neither photon knows which way it will 
go. After leaving, each knows instantly 
and nonlocally what its twin has done 
and so behaves accordingly. Although in 
these experiments the photons were 
separated by only a few feet, quantum 

mechanics predicts that the correlations would have been observed no matter 
how far apart the two interferometers were.  

http://www.dhushara.com/book/quantcos/qnonloc/qnonloc.htm 
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 In order to keep Einstein's theory of relativity and the principles of causality intact,  

some scientists are explaining this effect away as being random.      

One of the oddities of quantum particles is that their properties only take on 
definite values when measured. The electron and positron, for instance, are both 
effectively spinning. Either particle's spin is equally likely to be clockwise 
(known as "up") or anticlockwise ("down")-but you won't know which unless 
you measure it. Until that measurement is made the particle is in a weird 
indefinite state, a "superposition" of both spins. What is definite, however, is 
that in an entangled state, the spins of the two particles are intimately linked. 
Since the original pion had no spin, the positron and electron must always spin 
in opposite senses so that their net spin remains zero. If you find the electron's 
spin to be "up", you'll find the positron's to be "down", and vice versa. So it is as 
if the two entangled particles, no matter how far they are apart, are not really 
separate at all. Measure one, and as its spin becomes definite this triggers the 
other to respond. Its indeterminate spin also becomes definite, in the opposite 
direction to that of its partner. What is astonishing and disturbing is that this 
response happens instantaneously even if the particles are separated by huge 
distances. Consequently, quantum theory requires action at a distance. What 
happens in one part of the Universe can have instantaneous "nonlocal" 
consequences in other parts, no matter how far away they might be. And this 
poses a problem, because instantaneous action at a distance is a punch in the 
nose for Einstein. His theory of relativity-the cornerstone of physics -claims that 
our Universe has an absolute speed limit.  

Nothing, according to Einstein, can travel faster than light. So you might 
wonder-do we really need to swallow this nonlocal quantum weirdness? Perhaps 
there is a better theory that accounts for these entanglements without action at a 
distance? Think of this: if someone separated a pair of your shoes by a great 
distance and then weighed one, they would immediately have a good estimate of 
the weight of the other. There's no mystery here. Nothing nonlocal. Shoes have 
weight. And if they come from a pair, their weights are correlated from the 
outset. Could something similar be true for entangled particle pairs? Despite 
what quantum theory says, perhaps the particles do have definite spins, arranged 
oppositely at all times, and measurements merely reflect this pre-existing 
situation. This is an obvious possibility. It might even be true. The trouble is, it 
doesn't cushion the blow for relativity. In 1964, physicist John Bell of CERN, 
the European Laboratory for Particle Physics, examined this line of argument in 
detail and proved a famous theorem which fellow physicist Henry Stapp of the 
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Lawrence Berkeley Laboratory in California calls "the greatest discovery of all 
science". Bell first supposed that quantum theory doesn't say all there is to say 
about quantum particles. He then proved that if any more complete theory - any 
theory imaginable - were to give predictions in agreement with quantum theory, 
it would necessarily still contain the same kind of nonlocal influences as 
ordinary quantum theory. "What Bell gave us," says philosopher David Albert 
of Columbia University in New York, "is a proof that there is a genuine 
nonlocality in the workings of nature, however we attempt to describe it, 
period." Every conceivable story about entangled states has to be nonlocal. 
There is no escape. Unless, of course, entangled states don't really exist, and 
quantum theory is wrong.  

 

Skin ‘sees’ UV light, starts 
producing pigment 

In a new study, biologists report that melanocyte skin cells detect ultraviolet 
light using a photosensitive receptor previously thought to exist only in the eye. 
This eye-like ability of skin to sense light triggers the production of melanin 
within hours, more quickly than previously thought, in an apparent rush to 
protect against damage to DNA. 
PROVIDENCE, R.I. [Brown University] — For most people, tanning seems a simple proposition. A naturally 
light-skinned person lies in the sun for hours and ends up as bronzed as a Jersey Shore star. To scientists, the 
reaction of skin to ultraviolet light is more mysterious. A new study demonstrates that skin detects UVA 
radiation using a light-sensitive receptor previously found only in the eye and that this starts melanin 
production within a couple of hours. Until now, scientists only knew that melanin production occurred days 
after UVB radiation had already begun damaging DNA. 
“As soon as you step out into the sun, your skin knows that it is exposed to UV radiation,” said senior author 
Elena Oancea, assistant professor of biology in the Department of Molecular Pharmacology, Physiology, and 
Biotechnology at Brown University. “This is a very fast process, faster than anything that was known before.” 

Elena Oancea“As soon as you step out into the sun, your skin knows that it is exposed to UV radiation.” 
Credit: Mike Cohea/Brown UniversityScientists believe that melanin protects the DNA in skin cells against damage from 
UVB rays by absorbing the incoming radiation. It isn’t perfect, which is why people must use sun block. But the new study 
in the journal Current Biology shows that the body mounts its defense much sooner, well before it becomes apparent in 
the form of a tan. 

https://news.brown.edu/node/11850
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In lab experiments with human melanin-producing skin cells called melanocytes, Oancea, graduate student 
Nadine Wicks, and their team discovered that the cells contain rhodopsin, a photosensitive receptor used by 
the eye to detect light. Moreover, they traced the steps of how rhodopsin unleashes calcium ion signals that 
instigate melanin production. 

Eyes on the skin 
In the team’s first experiment, the scientists were looking to see whether UV light instigated a calcium 
signaling response. They found nothing. But guessing that the skin might sense light like the eyes do, they 
added retinal, a co-factor of opsin receptors including rhodopsin. 

“When we did that, we saw an immediate and massive calcium response,” said Wicks, the study’s lead author. 

Further investigations found that the cells contained rhodopsin RNA and protein. Under UV light, when the 
scientists reduced rhodopsin levels in the cells, calcium signaling was reduced. Later, when they starved cells 
of retinal, they found that melanin production dropped. The authors also determined that long-wavelength 
UVA light, rather than short-wavelength UVB light, is what stimulates rhodopsin in melanocytes. 

 
A healthy glow Human melanocyte skin cells fluoresce as their calcium signaling spikes after exposure to ultraviolet light 
and retinal, a key step in producing melanin. This led researchers to discover rhodopsin receptors in skin, which detect 
UVA light. During several experiments, they were able to trace the following process: When UVA light strikes rhodopsin 
receptors with retinal, calcium signals are triggered within a few seconds. After an hour, measurable amounts of melanin 
accumulate, although in relatively small quantities compared to the production that will occur within 24 hours. 
As much as they learned, Oancea and Wicks still have some questions. One is whether rhodopsin is acting 
alone or in concert with another yet undiscovered receptor. Another question is whether melanocytes 
immediately begin exporting melanin to other kinds of skin cells for protection or whether they keep the 
early supply for themselves. 

Just because scientists are learning more about how the skin responds to and protects itself against UV 
radiation, Oancea said, that’s no reason for people to change what they do to protect themselves. 

“This doesn’t say, ‘Don’t use sunscreen’,” Oancea said. In addition to Oancea and Wicks, other authors were 
Jason Chan, Julia Najera, and Jonathan Ciriello. 

https://news.brown.edu/node/11859
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Brown University, the National Institutes of Health, and the Natural Sciences and Engineering Research Council 
of Canada supported the research. 

Real Uses of UV and Fluorescence 

 
Fluorescence is used as a diagnostic technique – bacteria can be stained or genetically 
engineered so they will fluoresce but this is in the realm of proper grown-up labs with specialist 
techniques and equipment, not some idiot waving a 20W UV lamp bought on the Internet. 
Fluorescent biomolecules such as flavins and the amino acid tryptophan do exhibit fluorescence 
and these are present in bacteria and other living cells but fluorescence is very specific: 
a particular molecule will absorb at a particular wavelength and re-emit at another, 
specific wavelength – and the emitted wave needs to be within the visible spectrum for us to 
see it without specialised equipment. For example tryptophan emits at 280nm and re-emits at 
330nm – and the visible spectrum is about 380 to 750nm so you can’t see it. And molecules like 
tryptophan will often be buried in a cell or its membrane so you still might not spot it 
even using the really trick microscopic techniques we have in the lab. 
BUT Riboflavin (vitamin B2) reliably emits at a bright green 560nm when exposed to a broad 
spectrum of UV and bacteria are rather partial to flavins – as are we all: they are essential for 
metabolism. This is the molecule most UV systems are detecting. It is true that you do tend to 
find bacteria on surfaces where flavins are present but this does not mean that flavin-free or 
non-fluorescing surfaces are free of bacteria – far from it. This is why the sorts of UV emitters 
you see on TV programmes are about as much use as tits on a nun as a pukka diagnostic 
technique. 

Cells Communicate 
with Light (article) 

This article although not fully validated and verified belongs in our journal on 
Life is Photonic as it brings up again the science and the cover-up. Wqe 
leave it is black to allow you the reader to understand the nature of this 
article  

http://www.viewzone.com/dnax.html
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An article appeared where a scientist, Pjotr Garjajev, had managed to 
intercept communication from a DNA molecule in the form of ultraviolet 
photons -- light! What's more, he claimed to have captured this 
communication from one organism (a frog embryo) with a laser beam and 
then transmitted it to another organisms DNA (a salamander embryo), 
causing the latter embryo to develop into a frog! 

But this was just the beginning. 

Dr. Garjajev claims that this communication is not something that happens 
only inside the individual cells or between one cell and another. He claims 
organisms use this "light" to "talk" to other organisms and suggested that 
this could explain telepathy and ESP. It was like human beings already had 
their own wireless internet based on our DNA. Wow! 

It was 1970, and Popp, a theoretical biophysicist at the University of 
Marburg in Germany, had been teaching radiology -- the interaction of 
electromagnetic (EM) radiation on biological systems. Popp was too early to 
worry about things like cellphones and microwave towers which are now 
commonly linked with cancers and leukemia. His world was much smaller. 

He'd been examining two almost identical molecules: benzo[a]pyrene, a 
polycyclic hydrocarbon known to be one of the most lethal carcinogens to 
humans, and its twin (save for a tiny alteration in its molecular makeup), 
benzo[e]pyrene. He had illuminated both molecules with ultraviolet (UV) 
light in an attempt to find exactly what made these two almost identical 
molecules so different. 

Why Ultra-violet light? 

Popp chose to work specifically with UV light because of the experiments of a 
Russian biologist named Alexander Gurwitsch who, while working with 
onions in 1923, discovered that roots could stimulate a neighboring plant's 
roots if the two adjacent plants were in quartz glass pots but not if they 
were in silicon glass pots. The only difference being that the silicon filtered 
UV wavelengths of light while the quartz did not. Gurwitsch theorized that 
onion roots could communicate with each other by ultraviolet light. 



2017 IJMSHNEM ‘LIFE IS PHOTONIC’ 

97 
 

 

[Above] All vibrations of energy are part of the electro-magnetic spectrum. 
These include electrical energy, heat, sound, light, radio waves and 
radioactive waves. UV light is merely a small portion of the spectrum of EM 
energy with a very short wavelength. 

What Popp discovered was that benzo[a]pyrene (the cancer producing 
molecule) absorbed the UV light, then re-emitted it at a completely different 
frequency -- it was a light "scrambler". The benzo[e]pyrene (harmless to 
humans), allowed the UV light to pass through it unaltered. 

Popp was puzzled by this difference, and continued to experiment with UV 
light and other compounds. He performed his test on 37 different chemicals, 
some cancer-causing, some not. After a while, he was able to predict which 
substances could cause cancer. In every instance, the compounds that were 
carcinogenic took the UV light, absorbed it and changed or scrambled the 
frequency. 

There was another odd property of these compounds: each of the 
carcinogens reacted only to light at a specific frequency -- 380 nm 
(nanometres) in the ultra-violet range. Popp kept wondering why a cancer-
causing substance would be a light scrambler. He began reading the 
scientific literature specifically about human biological reactions, and came 
across information about a phenomenon called 'photorepair'. 

Photorepair 
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It is well known from biological laboratory experiments that if you blast a cell 
with UV light so that 99 per cent of the cell, including its DNA, is destroyed, 
you can almost entirely repair the damage in a single day just by 
illuminating the cell with the same wavelength at a much weaker intensity. 
To this day, scientists don't understand this phenomenon, 
called photorepair, but no one has disputed it. 

Popp also knew that patients with xeroderma 
pigmentosum [right] eventually die of skin cancer 
because their photorepair system can't repair solar 
damage. He was also struck by the fact 
that photorepair works most efficiently at 380 nm 
-- the same frequency that the cancer-causing 
compounds react to and scramble. 

This was where Popp made his logical leap. If the 
carcinogens only react to this frequency, it must 
somehow be linked to photorepair. If so, this 
would mean that there must be some kind of light 
in the body responsible for photorepair. A 
compound must cause cancer because it 
permanently blocks this light and scrambles it, 
so photorepair can't work anymore. It seemed 
logical, but was it true? 

Light inside the body 

Popp was freaked out by this. He wrote about it in a paper and a prestigious 
medical journal agreed to publish it. 

Not long after that, Popp was approached by a student named Bernhard 
Ruth, who asked Popp to supervise his work for his doctoral dissertation. 
Popp told Ruth he was prepared to do so if the student could show that light 
was emanating from the human body. 

This meeting was fortuitous for Popp because Ruth happened to be an 
excellent experimental physicist. Ruth thought the idea was ridiculous, and 
immediately set to work building equipment to prove Popp's hypothesis 
wrong. 

Within two years, Ruth had constructed a machine resembling a big X-ray 
detector which used a photomultiplier to count light, photon by photon. Even 
today, it is still one of the best pieces of equipment in the field. The machine 
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had to be highly sensitive because it had to measure what Popp assumed 
would be extremely weak emissions. 

In an old 
documentary 
film taken in 
the laboratory 
at the 
International 
Institute of 
Biophysics, Dr. 
Popp opens a 
chamber about 
the size of a 
bread box. He 
places a fresh 
cutting from a 
plant and a 
wooden match 
in a plastic 
container inside 
the dark chamber and closed the light proof door. Immediately he 
switches on the photomultiplyer and the image shows up on a 
computer screen. The match stick is black while the green, glowing 
silhouette of the leaves is clearly visible. 

Dr. Popp exclaims, "We now know, today, that man is essentially a 
being of light." 

In 1976, they were ready for their first test with cucumber seedlings. The 
photomultiplier showed that photons, or light waves, of a surprisingly high 
intensity were being emitted from the seedlings. In case the light had to do 
with an effect of photosynthesis, they decided that their next test -- with 
potatoes -- would be to grow the seedling plants in the dark. This time, 
when the seedlings were placed in the photomultiplier, they registered an 
even higher intensity of light. What's more, the photons in the living systems 
they'd examined were more coherent than anything they'd ever seen. 

Popp began thinking about light in nature. Light was present in plants and 
was used during photosynthesis. When we eat plant foods, he thought, it 
must be that we take up the photons and store them. 

When we consume broccoli, for example, and digest it, it is metabolised into 
carbon dioxide (CO2) and water, plus the light stored from the sun and 
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photosynthesis. We extract the CO2 and eliminate the water, but the light, 
an EM wave, must be stored. When taken in by the body, the energy of 
these photons dissipates and becomes distributed over the entire spectrum 
of EM frequencies, from the lowest to the highest. 

This energy is the driving force for all the molecules in our body. Before any 
chemical reaction can occur, at least one electron must be activated by a 
photon with a certain wavelength and enough energy. 

The biochemist and Nobel Prize winner Lehninger mentions in his textbook 
that some reactions in the living cell happen quite a lot faster than what 
corresponds to 37C temperature. The explanation seems to be that the body 
purposely directs chemical reactions by means of electromagnetic vibrations 
(biophotons). 

Photons (Light) control everything in the cell 

Photons switch on the body's 
processes like an orchestra conductor 
bringing each individual instrument 
into the collective sound. At different 
frequencies, they perform different 
functions. Popp found that molecules 
in the cells responded to certain 
frequencies, and that a range of 
vibrations from the photons caused a 
variety of frequencies in other 
molecules of the body. 

This theory has been supported by Dr. 
Veljko Veljkovic who now heads the 
Center for Multidisciplinary Research 
and Engineering, Institute of Nuclear 
Sciences Vinca. She dared to ask the question that has forever puzzled 
cellular biologists: What is it that enabled the tens of thousands of different 
kinds of molecules in the organism to recognize their specific targets? Living 
processes depend on selective interactions between particular molecules, 
and that is true for basic metabolism to the subtlest nuances of emotion. It's 
like trying to find a friend in a very big very crowded ballroom in the dark. 

The conventional picture of a cell even now is that of a bag of molecules 
dissolved in water. And through bumping into one another by chance -- 
random collisions -- those molecules that have complementary shapes lock 
onto to each other so the appropriate biochemical reactions can take place. 
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This 'lock and key' model has been refined to a more flexible (and realistic) 
'induced fit' hypothesis that allows each molecule to change shape slightly to 
fit the other better after they get in touch, but the main idea remains the 
same. 

It is supposed to explain how enzymes can recognize their respective 
substrates, how antibodies in the immune system can grab onto specific 
foreign invaders and disarm them. By extension, that's how proteins can 
'dock' with different partner proteins, or latch onto specific nucleic acids to 
control gene expression, or assemble into ribosomes for translating proteins, 
or other multi-molecular complexes that modify the genetic messages in 
various ways. But with thousands -- or even hundreds of thousands of 
reactions happening each second in just one cell this seems pushing the 
"mechanical" concept a bit too far. 

What has been proposed is that somehow each molecule sends out a unique 
electromagnetic field that can "sense" the field of the complimentary 
molecule. It's as if there is a "dance" in the cellular medium and the 
molecules move to the rhythm. The music is supplied by the biophoton. 

"Veljkovic and Cosic proposed that molecular interactions 
are electrical in nature, and they take place over distances 
that are large compared with the size of molecules. Cosic 
later introduced the idea of dynamic electromagnetic field 
interactions, that molecules recognize their particular 
targets and vice versa by electromagnetic resonance. In 
other words, the molecules send out specific frequencies 
of electromagnetic waves which not only enable them to 
'see' and 'hear' each other, as both photon and phonon 
modes exist for electromagnetic waves, but also to 
influence each other at a distance and become ineluctably 
drawn to each other if vibrating out of phase (in a 
complementary way)." -- The Real Bioinformatics Revolution: 
Proteins and Nucleic Acids Singing to One Another? (Paper 
available at report@i-sis.org.uk) 
"There are about 100,000 chemical reactions happening in 
every cell each second. The chemical reaction can only 
happen if the molecule which is reacting is excited by a 
photon... Once the photon has excited a reaction it returns 
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to the field and is available for more reactions... We are 
swimming in an ocean of light." 

These 'biophoton emission', as Popp called them, provided an ideal 
communication system for the transfer of information to many cells across 
the organism. But the single most important question remained: where was 
the light coming from? 

A particularly gifted student talked him into another experiment. It is known 
that when ethidium bromide is applied to samples of DNA, it insinuates itself 
in between the base pairs of the double helix, causing DNA to unwind. The 
student suggested that, after applying the chemical, they measure the light 
coming from the sample. Popp found that the greater the concentration of 
ethidium, the more the DNA unravelled, but also the stronger the intensity 
of light. Conversely, the less he used, the less light was emitted. 

He also found that DNA could send out a wide range of frequencies, some of 
which seemed to be linked to certain functions. If DNA stored this light, it 
would naturally emit more light on being unzipped. 

These and other studies proved to Popp that one of the most essential 
sources of light and biophoton emissions was DNA. DNA was like the master 
tuning fork of the body. It would strike a particular frequency and certain 
molecules would follow. It was also possible, he realised, that he had 
stumbled upon the missing link in current DNA theory that could account for 
perhaps the greatest miracle of all in human biology -- how a single cell can 
turn into a fully formed human being. 

How cells "talk" to each other 
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When you get a cut 
or scratch on your 
skin, the cells that 
are injured somehow 
signal the 
surrounding healthy 
cells to begin 
reproducing copies of 
themselves to fill in 
and mend the 
opening. When the 
skin is back to 
normal, a signal is 
sent to the cells to 
tell them to stop 
reproducing. 
Scientists have 
wondered exactly 
how this works. 

With biophoton emissions, Popp believed he had an answer to this question. 
This phenomenon of coordination and communication could only occur in a 
holistic system with one central orchestrator. Popp showed in his 
experiments that these weak light emissions were sufficient to orchestrate 
the body's repairs. The emissions had to be low intensity because these 
communications took place on a very small, intracellular, quantum level. 
Higher intensities would have an effect only in the world of the large and 
would create too much "noise" to be effective. 

The number of photons emitted seemed to be linked to the organism's 
position on the evolutionary scale -- the more complex the organism, the 
fewer photons were emitted. Rudimentary animals and plants tended to emit 
100 photons/cm2/sec at a wavelength of 200-800 nm, corresponding to a 
very-high-frequency EM wave well within the visible range, whereas humans 
emit only 10 photons/cm2/sec at the same frequency. 

In one series of studies, Popp had one of his assistants -- a 27-year-old 
healthy young woman -- sit in the room every day for nine months while he 
took photon readings of a small area of her hand and forehead. Popp then 
analysed the data and discovered, to his surprise, that the light emissions 
followed certain set patterns -- biological rhythms at 7, 14, 32, 80 and 270 
days -- and similarities were also noted by day or night, by week and by 
month, as though the body were following the world's biorhythms as well as 
its own. 
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Cancer is a loss of coherent light 

So far, Popp had studied only healthy individuals and found an exquisite 
coherence at the quantum level. But what kind of light is present in those 
who are ill? 

Popp tried out his machine on a series of cancer patients. In every instance, 
these patients had lost those natural periodic rhythms as well as their 
coherence. The lines of internal communication were scrambled. They had 
lost their connection with the world. In effect, their light was going out. 

Just the opposite is seen with multiple sclerosis: MS is a state of too much 
order. Patients with this disease are taking in too much light, thereby 
inhibiting their cells' ability to do their job. Too much cooperative harmony 
prevented flexibility and individuality -- like too many soldiers marching in 
step as they cross a bridge, causing it to collapse. Perfect coherence is an 
optimal state between chaos and order. With too much cooperation, it is as 
though individual members of the orchestra are no longer able to improvise. 
In effect, MS patients are drowning in light. 

Popp also examined the effects of stress. In a stressed state, the rate of 
biophoton emissions goes up -- a defence mechanism designed to restore 
the patient's equilibrium. 

Popp now recognized that what he'd been experimenting with was even 
more than a cure for cancer or Gestaltbildung. Here was a model which 
provided a better explanation than the current neo-Darwinist theory for how 
all living things evolve on the planet. Rather than a system of fortunate but 
ultimately random error, if DNA uses frequencies of every variety as an 
information tool, this suggests instead a feedback system of perfect 
communication through waves that encode and transfer information. 

"Good vibes" means coherent light 

Popp came to realize that light in the body might even hold the key to health 
and illness. In one experiment, he compared the light from free-range hens' 
eggs with that from penned-in, caged hens. The photons in the former were 
far more coherent than those in the latter. 

Popp went on to use biophoton emissions as a tool for measuring the quality 
of food. The healthiest food had the lowest and most coherent intensity of 
light. Any disturbance in the system increased the production of photons. 
Health was a state of perfect subatomic communication, and ill health was a 
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state of communication breakdown. We are ill when our waves are out of 
synch. 

Bio Photon emission detection is currently used commercially in the food 
industry. Agricultural science is looking at Bio-photon emissions to 
determine plant health for the purposes of food quality control. Biophotonen 
is a company working for development and practical applications of 
biophotonics. The work is based on a variety of patents. "Biophotonen" 
solves practical problems of food industry, environmental industry, 
cosmetics, etc. 

Off-shoots of Dr. Popp's discovery 

In the 1970s Dr. Veljko Veljkovic, who now heads the Center for 
Multidisciplinary Research and Engineering, Institute of Nuclear Sciences 
Vinca, also discovered a method for predicting which of the hundreds of 
new chemicals made by the rapidly expanding chemical industry were 
carcinogenic, by calculating certain electronic, biophotonic properties of 
the molecules. This method was soon found equally applicable to 
predicting organic chemicals that were mutagenic, or toxic, and even 
those that were antibiotic, or cytostatic (anticancer). Veljkovic's institute 
in Belgrade has since teamed up with other European laboratories to apply 
the same method to drug discovery, especially against AIDS disease. 

 

It took some 25 years for Popp to gather converts from among the scientific 
community. Slowly, a few select scientists around the globe began to 
consider that the body's communication system might be a complex network 
of resonance and frequency. Eventually, they would form the International 
Institute of Biophysics, composed of 15 groups of scientists from 
international centres around the world. 

Popp and his new colleagues went on to study the light emissions from 
several organisms of the same species, first in an experiment with a type of 
water flea of the genus Daphnia. What they found was nothing short of 
astonishing. Tests with a photomultiplier showed that the water fleas were 
sucking up the light emitted from each other. Popp tried the same 
experiment on small fish and got the same result. According to his 
photomultiplier, sunflowers were like biological vacuum cleaners, moving in 
the direction of the most solar photons to hoover them up. Even bacteria 
swallowed photons from the media they were put in. 
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Communication between organisms 

Thus, it 
dawned on 
Popp that 
these 
emissions 
had a 
purpose 
outside of 
the body. 
Wave 
resonance 
wasn't only 
being used 
to 

communicate inside the body, but between living things as well. Two healthy 
beings engaged in 'photon sucking', as he called it, by exchanging photons. 
Popp realised that this exchange might unlock the secret of some of the 
animal kingdom's most persistent conundrums: how schools of fish or flocks 
of birds create perfect and instantaneous coordination. Many experiments on 
the homing ability of animals demonstrate that it has nothing to do with 
following habitual trails, scents or even the EM fields of the earth, but rather 
some form of silent communication that acts like an invisible rubber band, 
even when the animals are separated by miles of distance. 

For humans, there was another possibility. If we could take in the photons of 
other living things, we might also be able to use the information from them 
to correct our own light if it went awry. 

Death Transmission via the Paranormal "Light" Channel 

Some extremely interesting experiments were performed by V.P. 
Kaznacheyev et al regarding the paranormal transmission of death by light 
inter-organism communication. 
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Briefly, two groups of cells were selected from the same cell culture and 
one sample placed on each side of a window joining two environmentally 
shielded rooms. The cell cultures were in quartz containers. One cell 
culture was used as the initiation sample and was subjected to a deadly 
mechanism - virus, germ, chemical poison, irradiation, ultraviolet rays, 
etc. The second cell culture was observed, to ascertain any transmitted 
effects from the culture sample being killed. 

When the window was made of ordinary glass, the second sample 
remained alive and healthy. When the window was made of quartz, the 
second sample sickened and died with the same symptoms as the primary 
sample. 

The experiments were done in darkness, and over 5,000 were reported by 
Kaznacheyev and his colleagues. The onset of induced complementary 
sickness and death in the second culture followed a reasonable time -- say 
two to four hours -- behind sickness and death in the primary culture. 

The major transmission difference between window glass and quartz is 
that quartz transmits both ultraviolet and infrared well, while glass is 
relatively opaque to ultraviolet and infrared. Both quartz and glass 
transmit visible light. Thus glass is a suppressor of the paranormal 
channel, while quartz is not. 

In 1950, Western researchers found that cells could be killed in darkness 
with ultraviolet radiation, kept shielded from visible light for twenty-four 
hours or longer, and then if radiated with visible light the cells would start 
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reviving by hundreds of thousands even though they had been clinically 
dead. 

Specifically, every cell emits mitogenetic radiation in the ultraviolet range 
twice: when it is born and when it dies. The UV photon emitted at death 
contains the exact virtual state pattern of the condition of the cell at 
death. The healthy cells are bombarded with death messages from those 
that are dying, and this diffuses the death pattern throughout the healthy 
culture, eventually kindling into the same death pattern there. 

[V.P. Kaznacheyev et al, "Distant Intercellular Interactions in a System of 
Two Tissue Cultures," Psychoenergetic Systems, Vol. 1, No. 3, March 
1976, pp 141-142.] 

Popp had begun experimenting with such an idea. If cancer-causing 
chemicals could alter the body's biophoton emissions, then it might be that 
other substances could reintroduce better communication. Popp wondered 
whether certain plant extracts could change the character of the biophoton 
emissions from cancer cells to make them communicate again with the rest 
of the body. He began experimenting with a number of non-toxic substances 
purported to be successful in treating cancer. In all but one instance, these 
substances only increased the photons from tumour cells, making them even 
more deadly to the body. 

The single success story was mistletoe, which appeared to help the body to 
'resocialise' the photon emissions of tumour cells back to normal. In one of 
numerous cases, Popp came across a woman in her thirties who had breast 
and vaginal cancer. Popp found a mistletoe remedy that created coherence 
in her cancer tissue samples. With the agreement of her doctor, the woman 
stopped any treatment other than the mistletoe extract and, after a year, all 
her laboratory tests were virtually back to normal. 

To Popp, homoeopathy was another example of photon sucking. He had 
begun to think of it as a 'resonance absorber'. Homoeopathy rests upon the 
notion that like is treated with like. A plant extract that at full strength can 
cause hives in the body is used in an extremely diluted form to get rid of it. 
If a rogue frequency in the body can produce certain symptoms, it follows 
that a high dilution of a substance which can produce the same symptoms 
would also carry that frequency. Like a resonating tuning fork, a suitable 
homoeopathic solution might attract and then absorb the abnormal 
oscillations, allowing the body to return to normal health. 
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Popp thought that electro-magnetic molecular signalling might even explain 
acupuncture. According to Traditional Chinese Medicine, the human body has 
a system of meridians, running deep in the tissues, through which flows an 
invisible energy the Chinese call ch'i, or the life force. The ch'i supposedly 
enters the body through these acupuncture points and flows to deeper organ 
structures (which do not correspond to those in Western biology), providing 
energy (or the life force). Illness occurs when this energy is blocked at any 
point along the pathways. According to Popp, the meridian system transmits 
specific energy waves to specific zones of the body. 

Research has shown that many of the acupuncture points have a 
dramatically reduced electrical resistance compared with the surrounding 
skin (10 kilo-ohms and 3 mega-ohms, respectively). Orthopaedic surgeon Dr 
Robert Becker, who has done a great deal of research on EM fields in the 
body, designed a special electrode recording device that rolls along the body 
like a pizza cutter. His many studies have shown electrical charges on every 
one of the people tested corresponding to the Chinese meridian points. 

[Extracted from The Field: The Quest for the Secret Force of the Universe, 
by Lynne McTaggart] 

Light in human consciousness 

I mention this latest work for those who may wish to explore the boundaries 
of photon research and theory. In a ground-breaking paper with the lengthy 
title of "Orchestrated Objective Reduction of Quantum Coherence in Brain 
Microtubules: The 'Orch OR' Model for Consciousness" by Stuart Hameroff 
and Roger Penrose, the brain is described as a quantum computer whose 
main architecture are the cytoskeletal microtubules and other structures 
within each of the brain's neurons. 

If you examine a neuron, you will see that there are many hollow tubes 
surrounding the axon. These microtubules have been thought of as a kind of 
scaffold to support the nerve fiber. But they are now getting a second look 
as the possible architecture of our consciousness. 

The particular characteristics of microtubules that make them suitable for 
quantum effects include their crystal-like lattice structure, hollow inner core, 
organization of cell function and capacity for information processing. 
According to the researchers, their size appears perfectly designed to 
transmit photons in the UV range. 
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[Above:] Schematic of central region of neuron (distal axon and dendrites 
not shown), showing parallel arrayed microtubules interconnected by MAPs. 
Microtubules in axons are lengthy and continuous, whereas in dendrites they 
are interrupted and of mixed polarity. Linking proteins connect microtubules 
to membrane proteins including receptors on dendritic spines. 

"Traditionally viewed as the cell's 'bone-like' scaffolding, 
microtubules and other cytoskeletal structures now appear 
to fill communicative and information processing roles. 
Theoretical models suggest how conformational states of 
tubulins within microtubule lattices can interact with 
neighboring tubulins to represent, propagate and process 
information as in molecular-level 'cellular automata' 
computing systems." -- Hameroff and Watt, 1982; Rasmussen 
et al, 1990; Hameroff et al, 1992 

In their paper, Hameroff and Penrose present a model linking microtubules 
to consciousness using quantum theory. In their model, quantum coherence 
emerges, and is isolated in brain microtubules until a threshold related to 
quantum gravity is reached. The resultant self-collapse creates an 
instantaneous "now" event. Sequences of such events create a flow of time, 
and consciousness. 
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Don't worry if you can't understand this. It's heavy reading but it does show 
that the existence of internal photons -- inner light -- is very real and is the 
basis of virtually all human cellular and systemic function. 

Could the Russian scientists really have changed a salamander embryo into 
a frog with lasers? I prefer to wait until the actual details of the experiment 
are published and reviewed -- but I am much less apt to dismiss this as 
fiction now that I know about our inner lights. 
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Fluorescence as a part of Biology 
Fluorescence is a member of the ubiquitous luminescence family of processes in which 
susceptible molecules emit light from electronically excited states created by either a physical 
(for example, absorption of light), mechanical (friction), or chemical mechanism. Generation of 
luminescence through excitation of a molecule by ultraviolet or visible light photons is a 
phenomenon termed photoluminescence, which is formally divided into two 
categories, fluorescence and phosphorescence, depending upon the electronic configuration of 
the excited state and the emission pathway. Fluorescence is the property of some atoms and 
molecules to absorb light at a particular wavelength and to subsequently emit light of longer 
wavelength after a brief interval, termed the fluorescence lifetime. The process of 
phosphorescence occurs in a manner similar to fluorescence, but with a much longer excited 
state lifetime. 

 

The fluorescence process is governed by three important events, all of which occur on 
timescales that are separated by several orders of magnitude (see Table 1). Excitation of a 
susceptible molecule by an incoming photon happens in femtoseconds (10E-15 seconds), while 
vibrational relaxation of excited state electrons to the lowest energy level is much slower and 
can be measured in picoseconds (10E-12 seconds). The final process, emission of a longer 
wavelength photon and return of the molecule to the ground state, occurs in the relatively long 
time period of nanoseconds (10E-9 seconds). Although the entire molecular fluorescence 
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lifetime, from excitation to emission, is measured in only billionths of a second, the 
phenomenon is a stunning manifestation of the interaction between light and matter that 
forms the basis for the expansive fields of steady state and time-resolved fluorescence 
spectroscopy and microscopy. Because of the tremendously sensitive emission profiles, spatial 
resolution, and high specificity of fluorescence investigations, the technique is rapidly becoming 
an important tool in genetics and cell biology. 

Several investigators reported luminescence phenomena during the seventeenth and 
eighteenth centuries, but it was British scientist Sir George G. Stokes who first described 
fluorescence in 1852 and was responsible for coining the term in honor of the blue-white 
fluorescent mineral fluorite (fluorspar). Stokes also discovered the wavelength shift to longer 
values in emission spectra that bears his name. Fluorescence was first encountered in optical 
microscopy during the early part of the twentieth century by several notable scientists, 
including August Köhler and Carl Reichert, who initially reported that fluorescence was a 
nuisance in ultraviolet microscopy. The first fluorescence microscopes were developed 
between 1911 and 1913 by German physicists Otto Heimstädt and Heinrich Lehmann as a spin-
off from the ultraviolet instrument. These microscopes were employed to observe 
autofluorescence in bacteria, animal, and plant tissues. Shortly thereafter, Stanislav Von 
Provazek launched a new era when he used fluorescence microscopy to study dye binding in 
fixed tissues and living cells. However, it wasn't until the early 1940s that Albert Coons 
developed a technique for labeling antibodies with fluorescent dyes, thus giving birth to the 
field of immunofluorescence. By the turn of the twenty-first century, the field of fluorescence 
microscopy was responsible for a revolution in cell biology, coupling the power of live cell 
imaging to highly specific multiple labeling of individual organelles and macromolecular 
complexes with synthetic and genetically encoded fluorescent probes. 

Timescale Range for Fluorescence Processes 

Transition Process Rate Constant 
Timescale 
(Seconds) 

S(0) => S(1) or 
S(n) 

Absorption (Excitation) Instantaneous 10-15 

S(n) => S(1) Internal Conversion k(ic) 
10-14 to 10-

10 

S(1) => S(1) Vibrational Relaxation k(vr) 
10-12 to 10-

10 
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S(1) => S(0) Fluorescence k(f) or G 10-9 to 10-7 

S(1) => T(1) Intersystem Crossing k(pT) 10-10 to 10-8 

S(1) => S(0) 
Non-Radiative 

Relaxation 
Quenching 

k(nr), k(q) 10-7 to 10-5 

T(1) => S(0) Phosphorescence k(p) 10-3 to 100 

T(1) => S(0) 
Non-Radiative 

Relaxation 
Quenching 

k(nr), k(qT) 10-3 to 100 

 
 

  

Table 1 

Fluorescence is generally studied with highly conjugated polycyclic aromatic molecules that 
exist at any one of several energy levels in the ground state, each associated with a specific 
arrangement of electronic molecular orbitals. The electronic state of a molecule determines the 
distribution of negative charge and the overall molecular geometry. For any particular 
molecule, several different electronic states exist (illustrated as S(0), S(1), and S(2) in Figure 1), 
depending on the total electron energy and the symmetry of various electron spin states. Each 
electronic state is further subdivided into a number of vibrational and rotational energy levels 
associated with the atomic nuclei and bonding orbitals. The ground state for most organic 
molecules is an electronic singlet in which all electrons are spin-paired (have opposite spins). At 
room temperature, very few molecules have enough internal energy to exist in any state other 
than the lowest vibrational level of the ground state, and thus, excitation processes usually 
originate from this energy level. 

The category of molecules capable of undergoing electronic transitions that ultimately result in 
fluorescence are known as fluorescent probes, fluorochromes, or simply dyes. Fluorochromes 
that are conjugated to a larger macromolecule (such as a nucleic acid, lipid, enzyme, or protein) 
through adsorption or covalent bonds are termed fluorophores. In general, fluorophores are 
divided into two broad classes, termed intrinsic and extrinsic. Intrinsic fluorophores, such as 
aromatic amino acids, neurotransmitters, porphyrins, and green fluorescent protein, are those 
that occur naturally. Extrinsic fluorophores are synthetic dyes or modified biochemicals that are 
added to a specimen to produce fluorescence with specific spectral properties. 

Absorption, Excitation, and Emission 
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Absorption of energy by fluorochromes occurs between the closely spaced vibrational and 
rotational energy levels of the excited states in different molecular orbitals. The various energy 
levels involved in the absorption and emission of light by a fluorophore are classically presented 
by a Jablonski energy diagram (see Figure 1), named in honor of the Polish physicist Professor 
Alexander Jablonski. A typical Jablonski diagram illustrates the singlet ground (S(0)) state, as 
well as the first (S(1)) and second (S(2)) excited singlet states as a stack of horizontal lines. In 
Figure 1, the thicker lines represent electronic energy levels, while the thinner lines denote the 
various vibrational energy states (rotational energy states are ignored). Transitions between the 
states are illustrated as straight or wavy arrows, depending upon whether the transition is 
associated with absorption or emission of a photon (straight arrow) or results from a molecular 
internal conversion or non-radiative relaxation process (wavy arrows). Vertical upward arrows 
are utilized to indicate the instantaneous nature of excitation processes, while the wavy arrows 
are reserved for those events that occur on a much longer timescale. 

Absorption of light occurs very quickly (approximately a femtosecond, the time necessary for 
the photon to travel a single wavelength) in discrete amounts termed quanta and corresponds 
to excitation of the fluorophore from the ground state to an excited state. Likewise, emission of 
a photon through fluorescence or phosphorescence is also measured in terms of quanta. The 
energy in a quantum (Planck's Law) is expressed by the equation: 

E = hn = hc/l 

where E is the energy, h is Planck's constant, n and l are the frequency and wavelength of the 
incoming photon, and c is the speed of light. Planck's Law dictates that the radiation energy of 
an absorbed photon is directly proportional to the frequency and inversely proportional to the 
wavelength, meaning that shorter incident wavelengths possess a greater quantum of energy. 
The absorption of a photon of energy by a fluorophore, which occurs due to an interaction of 
the oscillating electric field vector of the light wave with charges (electrons) in the molecule, is 
an all or none phenomenon and can only occur with incident light of specific wavelengths 
known as absorption bands. If the absorbed photon contains more energy than is necessary for 
a simple electronic transition, the excess energy is usually converted into vibrational and 
rotational energy. However, if a collision occurs between a molecule and a photon having 
insufficient energy to promote a transition, no absorption occurs. The spectrally broad 
absorption band arises from the closely spaced vibrational energy levels plus thermal motion 
that enables a range of photon energies to match a particular transition. Because excitation of a 
molecule by absorption normally occurs without a change in electron spin-pairing, the excited 
state is also a singlet. In general, fluorescence investigations are conducted with radiation 
having wavelengths ranging from the ultraviolet to the visible regions of the electromagnetic 
spectrum (250 to 700 nanometers). 
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With ultraviolet or visible light, common fluorophores are usually excited to higher vibrational 
levels of the first (S(1)) or second (S(2)) singlet energy state. One of the absorption (or 
excitation) transitions presented in Figure 1 (left-hand green arrow) occurs from the lowest 
vibrational energy level of the ground state to a higher vibrational level in the second excited 
state (a transition denoted as S(0) = 0 to S(2) = 3). A second excitation transition is depicted 
from the second vibrational level of the ground state to the highest vibrational level in the first 
excited state (denoted as S(0) = 1 to S(1) = 5). In a typical fluorophore, irradiation with a wide 
spectrum of wavelengths will generate an entire range of allowed transitions that populate the 
various vibrational energy levels of the excited states. Some of these transitions will have a 
much higher degree of probability than others, and when combined, will constitute the 
absorption spectrum of the molecule. Note that for most fluorophores, the absorption and 
excitation spectra are distinct, but often overlap and can sometimes become indistinguishable. 
In other cases (fluorescein, for example) the absorption and excitation spectra are clearly 
separated. 

 

Immediately following absorption of a photon, several processes will occur with varying 
probabilities, but the most likely will be relaxation to the lowest vibrational energy level of the 
first excited state (S(1) = 0; Figure 1). This process is known as internal 
conversion or vibrational relaxation (loss of energy in the absence of light emission) and 
generally occurs in a picosecond or less. Because a significant number of vibration cycles 
transpire during the lifetime of excited states, molecules virtually always undergo complete 
vibrational relaxation during their excited lifetimes. The excess vibrational energy is converted 
into heat, which is absorbed by neighboring solvent molecules upon colliding with the excited 
state fluorophore. 
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An excited molecule exists in the lowest excited singlet state (S(1)) for periods on the order of 
nanoseconds (the longest time period in the fluorescence process by several orders of 
magnitude) before finally relaxing to the ground state. If relaxation from this long-lived state is 
accompanied by emission of a photon, the process is formally known as fluorescence. The 
closely spaced vibrational energy levels of the ground state, when coupled with normal thermal 
motion, produce a wide range of photon energies during emission. As a result, fluorescence is 
normally observed as emission intensity over a band of wavelengths rather than a sharp line. 
Most fluorophores can repeat the excitation and emission cycle many hundreds to thousands of 
times before the highly reactive excited state molecule is photobleached, resulting in the 
destruction of fluorescence. For example, the well-studied probe fluorescein isothiocyanate 
(FITC) can undergo excitation and relaxation for approximately 30,000 cycles before the 
molecule no longer responds to incident illumination. 

Several other relaxation pathways that have varying degrees of probability compete with the 
fluorescence emission process. The excited state energy can be dissipated non-radiatively as 
heat (illustrated by the cyan wavy arrow in Figure 1), the excited fluorophore can collide with 
another molecule to transfer energy in a second type of non-radiative process (for example, 
quenching, as indicated by the purple wavy arrow in Figure 1), or a phenomenon known 
as intersystem crossing to the lowest excited triplet state can occur (the blue wavy arrow in 
Figure 1). The latter event is relatively rare, but ultimately results either in emission of a photon 
through phosphorescence or a transition back to the excited singlet state that yields delayed 
fluorescence. Transitions from the triplet excited state to the singlet ground state 
are forbidden, which results in rate constants for triplet emission that are several orders of 
magnitude lower than those for fluorescence. 

Both of the triplet state transitions are diagrammed on the right-hand side of the Jablonski 
energy profile illustrated in Figure 1. The low probability of intersystem crossing arises from the 
fact that molecules must first undergo spin conversion to produce unpaired electrons, an 
unfavorable process. The primary importance of the triplet state is the high degree of chemical 
reactivity exhibited by molecules in this state, which often results in photobleaching and the 
production of damaging free radicals. In biological specimens, dissolved oxygen is a very 
effective quenching agent for fluorophores in the triplet state. The ground state oxygen 
molecule, which is normally a triplet, can be excited to a reactive singlet state, leading to 
reactions that bleach the fluorophore or exhibit a phototoxic effect on living cells. Fluorophores 
in the triplet state can also react directly with other biological molecules, often resulting in 
deactivation of both species. Molecules containing heavy atoms, such as the halogens and 
many transition metals, often facilitate intersystem crossing and are frequently 
phosphorescent. 
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The probability of a transition occurring from the ground state (S(0)) to the excited singlet state 
(S(1)) depends on the degree of similarity between the vibrational and rotational energy states 
when an electron resides in the ground state versus those present in the excited state, as 
outlined in Figure 2. The Franck-Condon energy diagram illustrated in Figure 2 presents the 
vibrational energy probability distribution among the various levels in the ground (S(0)) and 
first excited (S(1)) states for a hypothetical molecule. Excitation transitions (red lines) from the 
ground to the excited state occur in such a short timeframe (femtoseconds) that the 
internuclear distance associated with the bonding orbitals does not have sufficient time to 
change, and thus the transitions are represented as vertical lines. This concept is referred to as 
the Franck-Condon Principle. The wavelength of maximum absorption (red line in the center) 
represents the most probable internuclear separation in the ground state to an allowed 
vibrational level in the excited state. 

 

At room temperature, thermal energy is not adequate to significantly populate excited energy 
states and the most likely state for an electron is the ground state (S(O)), which contains a 
number of distinct vibrational energy states, each with differing energy levels. The most 
favored transitions will be the ones where the rotational and vibrational electron density 
probabilities maximally overlap in both the ground and excited states (see Figure 2). However, 
incident photons of varying wavelength (and quanta) may have sufficient energy to be 
absorbed and often produce transitions from other internuclear separation distances and 
vibrational energy levels. This effect gives rise to an absorption spectrum containing multiple 
peaks (Figure 3). The wide range of photon energies associated with absorption transitions in 
fluorophores causes the resulting spectra to appear as broad bands rather than discrete lines. 
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The hypothetical absorption spectrum illustrated in Figure 3 (blue band) results from several 
favored electronic transitions from the ground state to the lowest excited energy state 
(labeled S(0) and S(1), respectively). Superimposed over the absorption spectrum are vertical 
lines (yellow) representing the transitions from the lowest vibrational level in the ground state 
to higher vibrational energy levels in the excited state. Note that transitions to the highest 
excited vibrational levels are those occurring at higher photon energies (lower wavelength or 
higher wavenumber). The approximate energies associated with the transitions are denoted in 
electron-volts (eV) along the upper abscissa of Figure 3. Vibrational levels associated with the 
ground and excited states are also included along the right-hand ordinate. 

Scanning through the absorption spectrum of a fluorophore while recording the emission 
intensity at a single wavelength (usually the wavelength of maximum emission intensity) will 
generate the excitation spectrum. Likewise, exciting the fluorophore at a single wavelength 
(again, preferably the wavelength of maximum absorption) while scanning through the 
emission wavelengths will reveal the emission spectral profile. The excitation and emission 
spectra may be considered as probability distribution functions that a photon of given quantum 
energy will be absorbed and ultimately enable the fluorophore to emit a second photon in the 
form of fluorescence radiation. 

Stokes Shift and the Mirror Image Rule 

If the fluorescence emission spectrum of a fluorophore is carefully scrutinized, several 
important features become readily apparent. The emission spectrum is independent of the 
excitation energy (wavelength) as a consequence of rapid internal conversion from higher initial 
excited states to the lowest vibrational energy level of the S(1) excited state. For many of the 
common fluorophores, the vibrational energy level spacing is similar for the ground and excited 
states, which results in a fluorescence spectrum that strongly resembles the mirror image of 
the absorption spectrum. This is due to the fact that the same transitions are most favorable for 
both absorption and emission. Finally, in solution (where fluorophores are generally studied) 
the detailed vibrational structure is generally lost and the emission spectrum appears as a 
broad band. 

As previously discussed, following photon absorption, an excited fluorophore will quickly 
undergo relaxation to the lowest vibrational energy level of the excited state. An important 
consequence of this rapid internal conversion is that all subsequent relaxation pathways 
(fluorescence, non-radiative relaxation, intersystem crossing, etc.) proceed from the lowest 
vibrational level of the excited state (S(1)). As with absorption, the probability that an electron 
in the excited state will return to a particular vibrational energy level in the ground state is 
proportional to the overlap between the energy levels in the respective states (Figure 2). 
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Return transitions to the ground state (S(0)) usually occur to a higher vibrational level (see 
Figure 3), which subsequently reaches thermal equilibrium (vibrational relaxation). Because 
emission of a photon often leaves the fluorophore in a higher vibrational ground state, the 
emission spectrum is typically a mirror image of the absorption spectrum resulting from the 
ground to first excited state transition. In effect, the probability of an electron returning to a 
particular vibrational energy level in the ground state is similar to the probability of that 
electron's position in the ground state before excitation. This concept, known as the Mirror 
Image Rule, is illustrated in Figure 3 for the emission transitions (blue lines) from the lowest 
vibrational energy level of the excited state back to various vibrational levels in ground state. 
The resulting emission spectrum (red band) is a mirror image of the absorption spectrum 
displayed by the hypothetical chromophore. 

 

In many cases, excitation by high energy photons leads to the population of higher electronic 
and vibrational levels (S(2), S(3), etc.), which quickly lose excess energy as the fluorophore 
relaxes to the lowest vibrational level of the first excited state (see Figure 1). Because of this 
rapid relaxation process, emission spectra are generally independent of the excitation 
wavelength (some fluorophores emit from higher energy states, but such activity is rare). For 
this reason, emission is the mirror image of the ground state to lowest excited state transitions, 
but not of the entire absorption spectrum, which may include transitions to higher energy 
levels. An excellent test of the mirror image rule is to examine absorption and emission spectra 
in a linear plot of the wavenumber (the reciprocal of wavelength or the number of waves per 
centimeter), which is directly proportional to the frequency and quantum energy. When 
presented in this manner (see Figure 3), symmetry between extinction coefficients and 
intensity of the excitation and emission spectra as a function of energy yield mirrored spectra 
when reciprocal transitions are involved. 
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Presented in Figure 4 are the absorption and emission spectra for quinine, the naturally 
occurring antimalarial agent (and first known fluorophore) whose fluorescent properties were 
originally described by Sir John Fredrick William Hershel in 1845. Quinine does not adhere to 
the mirror image rule as is evident by inspecting the single peak in the emission spectrum (at 
460 nanometers), which does not mirror the two peaks at 310 and 350 nanometers featured in 
the bimodal absorption spectrum. The shorter wavelength ultraviolet absorption peak (310 
nanometers) is due to an excitation transition to the second excited state (from S(0) to S(2)) 
that quickly relaxes to the lowest excited state (S(1)). As a consequence, fluorescence emission 
occurs exclusively from the lowest excited singlet state (S(1)), resulting in a spectrum that 
mirrors the ground to first excited state transition (350 nanometer peak) in quinine and not the 
entire absorption spectrum. 

Because the energy associated with fluorescence emission transitions (see Figures 1-4) is 
typically less than that of absorption, the resulting emitted photons have less energy and are 
shifted to longer wavelengths. This phenomenon is generally known as Stokes Shift and occurs 
for virtually all fluorophores commonly employed in solution investigations. The primary origin 
of the Stokes shift is the rapid decay of excited electrons to the lowest vibrational energy level 
of the S(1) excited state. In addition, fluorescence emission is usually accompanied by 
transitions to higher vibrational energy levels of the ground state, resulting in further loss of 
excitation energy to thermal equilibration of the excess vibrational energy. Other events, such 
as solvent orientation effects, excited-state reactions, complex formation, and resonance 
energy transfer can also contribute to longer emission wavelengths. 

In practice, the Stokes shift is measured as the difference between the maximum wavelengths 
in the excitation and emission spectra of a particular fluorochrome or fluorophore. The size of 
the shift varies with molecular structure, but can range from just a few nanometers to over 
several hundred nanometers. For example, the Stokes shift for fluorescein is approximately 20 
nanometers, while the shift for quinine is 110 nanometers (see Figure 4) and that for the 
porphyrins is over 200 nanometers. The existence of Stokes shift is critical to the extremely high 
sensitivity of fluorescence imaging measurements. The red emission shift enables the use of 
precision bandwidth optical filters to effectively block excitation light from reaching the 
detector so the relatively faint fluorescence signal (having a low number of emitted photons) 
can be observed against a low-noise background. 

Extinction Coefficient, Quantum Yield, and Fluorescence Lifetime 

Three fundamental parameters commonly used in describing and comparing fluorophores are 
the extinction coefficient (e), quantum yield (F), and fluorescence lifetime (t). Molar extinction 
coefficients are widely employed in the fields of spectroscopy, microscopy, and fluorescence in 
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order to convert units of absorbance into units of molar concentration for a variety of chemical 
substances. The extinction coefficient is determined by measuring the absorbance at a 
reference wavelength (characteristic of the absorbing molecule) for a one molar (M) 
concentration (one mole per liter) of the target chemical in a cuvette having a one-centimeter 
path length. The reference wavelength is usually the wavelength of maximum absorption in the 
ultraviolet or visible light spectrum. Extinction coefficients are a direct measure of the ability of 
a fluorophore to absorb light, and those chromophores having a high extinction coefficient also 
have a high probability of fluorescence emission. Also, because the intrinsic lifetime (discussed 
below) of a fluorophore is inversely proportional to the extinction coefficient, molecules 
exhibiting a high extinction coefficient have an excited state with a short intrinsic lifetime. 

Quantum yield (sometimes incorrectly termed quantum efficiency) is a gauge for measuring 
the efficiency of fluorescence emission relative to all of the possible pathways for relaxation 
and is generally expressed as the (dimensionless) ratio of photons emitted to the number of 
photons absorbed. In other words, the quantum yield represents the probability that a given 
excited fluorochrome will produce an emitted photon (fluorescence). Quantum yields typically 
range between a value of zero and one, and fluorescent molecules commonly employed as 
probes in microscopy have quantum yields ranging from very low (0.05 or less) to almost unity 
(the brightest fluorophores). In general, a high quantum yield is desirable in most imaging 
applications. The quantum yield of a given fluorophore varies, sometimes to large extremes, 
with environmental factors such as pH, concentration, and solvent polarity. 

 

The fluorescence lifetime is the characteristic time that a molecule remains in an excited state 
prior to returning to the ground state and is an indicator of the time available for information to 
be gathered from the emission profile. During the excited state lifetime, a fluorophore can 
undergo conformational changes as well as interact with other molecules and diffuse through 
the local environment. The decay of fluorescence intensity as a function of time in a uniform 
population of molecules excited with a brief pulse of light is described by an exponential 
function: 
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I(t) = Io • e(-t/t) 

where I(t) is the fluorescence intensity measured at time t, I(o) is the initial intensity observed 
immediately after excitation, and t is the fluorescence lifetime. Formally, the fluorescence 
lifetime is defined as the time in which the initial fluorescence intensity of a fluorophore decays 
to 1/e (approximately 37 percent) of the initial intensity (see Figure 5(a)). This quantity is the 
reciprocal of the rate constant for fluorescence decay from the excited state to the ground 
state. 

Because the level of fluorescence is directly proportional to the number of molecules in the 
excited singlet state, lifetime measurements can be conducted by measuring fluorescence 
decay after a brief pulse of excitation. In a uniform solvent, fluorescence decay is usually a 
monoexponential function, as illustrated by the plots of fluorescence intensity as a function of 
time in Figures 5(a) and 5(b). More complex systems, such as viable tissues and living cells, 
contain a mixed set of environments that often yield multiexponential values (Figure 5(c)) when 
fluorescence decay is measured. In addition, several other processes can compete with 
fluorescence emission for return of excited state electrons to the ground state, including 
internal conversion, phosphorescence (intersystem crossing), and quenching. Aside from 
fluorescence and phosphorescence, non-radiative processes are the primary mechanism 
responsible for relaxation of excited state electrons. 

All non-fluorescent processes that compete for deactivation of excited state electrons can be 
conveniently combined into a single rate constant, termed the non-radiative rate constant and 
denoted by the variable k(nr). The non-radiative rate constant usually ignores any contribution 
from vibrational relaxation because the rapid speeds (picoseconds) of these conversions are 
several orders of magnitude faster than slower deactivation (nanoseconds) transitions. Thus, 
the quantum yield can now be expressed in terms of rate constants: 

F = photons emitted/photons absorbed = kf/(kf + knf) = tf/to 

where k(f) is the rate constant for fluorescence decay (the symbol G is also used to designate 
this rate constant). The reciprocal of the decay rate constant equals the intrinsic lifetime (t(o)), 
which is defined as the lifetime of the excited state in the absence of all processes that 
compete for excited state deactivation. In practice, the fluorescence excited state lifetime is 
shortened by non-radiative processes, resulting in a measured lifetime (t(f)) that is a 
combination of the intrinsic lifetime and competing non-fluorescent relaxation mechanisms. 
Because the measured lifetime is always less than the intrinsic lifetime, the quantum yield 
never exceeds a value of unity. 
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Many of the common probes employed in optical microscopy have fluorescence lifetimes 
measured in nanoseconds, but these can vary over a wide range depending on molecular 
structure, the solvent, and environmental conditions. Quantitative fluorescence lifetime 
measurements enable investigators to distinguish between fluorophores that have similar 
spectral characteristics but different lifetimes, and can also yield clues to the local environment. 
Specifically, the pH and concentration of ions in the vicinity of the probe can be determined 
without knowing the localized fluorophore concentration, which is of significant benefit when 
used with living cells and tissues where the probe concentration may not be uniform. In 
addition, lifetime measurements are less sensitive to photobleaching artifacts than are intensity 
measurements. 

Quenching and Photobleaching 

The consequences of quenching and photobleaching are an effective reduction in the amount 
of emission and should be of primary consideration when designing and executing fluorescence 
investigations. The two phenomena are distinct in that quenching is often reversible whereas 
photobleaching is not. Quenching arises from a variety of competing processes that induce non-
radiative relaxation (without photon emission) of excited state electrons to the ground state, 
which may be either intramolecular or intermolecular in nature. Because non-radiative 
transition pathways compete with the fluorescence relaxation, they usually dramatically lower 
or, in some cases, completely eliminate emission. Most quenching processes act to reduce the 
excited state lifetime and the quantum yield of the affected fluorophore. 

A common example of quenching is observed with the collision of an excited state fluorophore 
and another (non-fluorescent) molecule in solution, resulting in deactivation of the fluorophore 
and return to the ground state. In most cases, neither of the molecules is chemically altered in 
the collisional quenching process. A wide variety of simple elements and compounds behave 
as collisional quenching agents, including oxygen, halogens, amines, and many electron-
deficient organic molecules. Collisional quenching can reveal the presence of localized 
quencher molecules or moieties, which via diffusion or conformational change, may collide with 
the fluorophore during the excited state lifetime. The mechanisms for collisional quenching 
include electron transfer, spin-orbit coupling, and intersystem crossing to the excited triplet 
state. Other terms that are often utilized interchangeably with collisional quenching are 
internal conversion and dynamic quenching. 
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A second type of quenching mechanism, termed static or complex quenching, arises from non-
fluorescent complexes formed between the quencher and fluorophore that serve to limit 
absorption by reducing the population of active, excitable molecules. This effect occurs when 
the fluorescent species forms a reversible complex with the quencher molecule in the ground 
state, and does not rely on diffusion or molecular collisions. In static quenching, fluorescence 
emission is reduced without altering the excited state lifetime. A fluorophore in the excited 
state can also be quenched by a dipolar resonance energy transfer mechanism when in close 
proximity with an acceptor molecule to which the excited state energy can be transferred non-
radiatively. In some cases, quenching can occur through non-molecular mechanisms, such as 
attenuation of incident light by an absorbing species (including the chromophore itself). 

In contrast to quenching, photobleaching (also termed fading) occurs when a fluorophore 
permanently loses the ability to fluoresce due to photon-induced chemical damage and 
covalent modification. Upon transition from an excited singlet state to the excited triplet state, 
fluorophores may interact with another molecule to produce irreversible covalent 
modifications. The triplet state is relatively long-lived with respect to the singlet state, thus 
allowing excited molecules a much longer timeframe to undergo chemical reactions with 
components in the environment. The average number of excitation and emission cycles that 
occur for a particular fluorophore before photobleaching is dependent upon the molecular 
structure and the local environment. Some fluorophores bleach quickly after emitting only a 
few photons, while others that are more robust can undergo thousands or millions of cycles 
before bleaching. 
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Presented in Figure 6 is a typical example of photobleaching (fading) observed in a series of 
digital images captured at different time points for a multiply-stained culture of bovine 
pulmonary artery epithelial cells. The nuclei were stained with 4,6-diamidino-2-phenylindole 
(DAPI; blue fluorescence), while the mitochondria and actin cytoskeleton were stained with 
MitoTracker Red (red fluorescence) and a phalloidin derivative (green fluorescence), 
respectively. Time points were taken in two-minute intervals using a fluorescence filter 
combination with bandwidths tuned to excite the three fluorophores simultaneously while also 
recording the combined emission signals. Note that all three fluorophores have a relatively high 
intensity in Figure 6(a), but the DAPI (blue) intensity starts to drop rapidly at two minutes and is 
almost completely gone at six minutes. The mitochondrial and actin stains are more resistant to 
photobleaching, but the intensity of both drops over the course of the timed sequence (10 
minutes). 

An important class of photobleaching events are photodynamic, meaning they involve the 
interaction of the fluorophore with a combination of light and oxygen. Reactions between 
fluorophores and molecular oxygen permanently destroy fluorescence and yield a free radical 
singlet oxygen species that can chemically modify other molecules in living cells. The amount of 
photobleaching due to photodynamic events is a function of the molecular oxygen 
concentration and the proximal distance between the fluorophore, oxygen molecules, and 
other cellular components. Photobleaching can be reduced by limiting the exposure time of 
fluorophores to illumination or by lowering the excitation energy. However, these techniques 
also reduce the measurable fluorescence signal. In many cases, solutions of fluorophores or cell 
suspensions can be deoxygenated, but this is not feasible for living cells and tissues. Perhaps 
the best protection against photobleaching is to limit exposure of the fluorochrome to intense 
illumination (using neutral density filters) coupled with the judicious use of commercially 
available antifade reagents that can be added to the mounting solution or cell culture medium. 

Under certain circumstances, the photobleaching effect can also be utilized to obtain specific 
information that would not otherwise be available. For example, in fluorescence recovery after 
photobleaching (FRAP) experiments, fluorophores within a target region are intentionally 
bleached with excessive levels of irradiation. As new fluorophore molecules diffuse into the 
bleached region of the specimen (recovery), the fluorescence emission intensity is monitored to 
determine the lateral diffusion rates of the target fluorophore. In this manner, the translational 
mobility of fluorescently labeled molecules can be ascertained within a very small (2 to 5 
micrometer) region of a single cell or section of living tissue. 

Solvent Effects on Fluorescence Emission 
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A variety of environmental factors affect fluorescence emission, including interactions between 
the fluorophore and surrounding solvent molecules (dictated by solvent polarity), other 
dissolved inorganic and organic compounds, temperature, pH, and the localized concentration 
of the fluorescent species. The effects of these parameters vary widely from one fluorophore to 
another, but the absorption and emission spectra, as well as quantum yields, can be heavily 
influenced by environmental variables. In fact, the high degree of sensitivity in fluorescence is 
primarily due to interactions that occur in the local environment during the excited state 
lifetime. A fluorophore can be considered an entirely different molecule in the excited state 
(than in the ground state), and thus will display an alternate set of properties in regard to 
interactions with the environment in the excited state relative to the ground state. 

In solution, solvent molecules surrounding the ground state fluorophore also have dipole 
moments that can interact with the dipole moment of the fluorophore to yield an ordered 
distribution of solvent molecules around the fluorophore. Energy level differences between the 
ground and excited states in the fluorophore produce a change in the molecular dipole 
moment, which ultimately induces a rearrangement of surrounding solvent molecules. 
However, the Franck-Condon principle dictates that, upon excitation of a fluorophore, the 
molecule is excited to a higher electronic energy level in a far shorter timeframe than it takes 
for the fluorophore and solvent molecules to re-orient themselves within the solvent-solute 
interactive environment. As a result, there is a time delay between the excitation event and the 
re-ordering of solvent molecules around the solvated fluorophore (as illustrated in Figure 7), 
which generally has a much larger dipole moment in the excited state than in the ground state. 
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After the fluorophore has been excited to higher vibrational levels of the first excited singlet 
state (S(1)), excess vibrational energy is rapidly lost to surrounding solvent molecules as the 
fluorophore slowly relaxes to the lowest vibrational energy level (occurring in the picosecond 
time scale). Solvent molecules assist in stabilizing and further lowering the energy level of the 
excited state by re-orienting (termed solvent relaxation) around the excited fluorophore in a 
slower process that requires between 10 and 100 picoseconds. This has the effect of reducing 
the energy separation between the ground and excited states, which results in a red shift (to 
longer wavelengths) of the fluorescence emission. Increasing the solvent polarity produces a 
correspondingly larger reduction in the energy level of the excited state, while decreasing the 
solvent polarity reduces the solvent effect on the excited state energy level. The polarity of the 
fluorophore also determines the sensitivity of the excited state to solvent effects. Polar and 
charged fluorophores exhibit a far stronger effect than non-polar fluorophores. 

Solvent relaxation effects on fluorescence can result in a dramatic effect on the size of Stokes 
shifts. For example, the heterocyclic indole moiety of the amino acid tryptophan normally 
resides on the hydrophobic interior of proteins where the relative polarity of the surrounding 
medium is low. Upon denaturation of a typical host protein with heat or a chemical agent, the 
environment of the tryptophan residue is changed from non-polar to highly polar as the indole 
ring emerges into the surrounding aqueous solution. Fluorescence emission is increased in 
wavelength from approximately 330 to 365 nanometers, a 35-nanometer shift due to solvent 
effects. Thus, the emission spectra of both intrinsic and extrinsic fluorescent probes can be 
employed to probe solvent polarity effects, molecular associations, and complex formation with 
polar and non-polar small molecules and macromolecules. 

Quantitative fluorescence investigations should be constantly monitored to scan for potential 
shifts in emission profiles, even when they are not intended nor expected. In simple systems 
where a homogeneous concentration can be established, a progressive emission intensity 
increase should be observed as a function of increasing fluorophore concentration, and vice 
versa. However, in complex biological systems, fluorescent probe concentration may vary 
locally over a wide range, and intensity fluctuations or spectral shifts are often the result of 
changes in pH, calcium ion concentration, energy transfer, or the presence of a quenching 
agent rather than fluorophore stoichiometry. The possibility of unexpected solvent or other 
environmental effects should always be considered in evaluating the results of experimental 
procedures. 

Fluorescence Anisotropy 

Fluorescence emission from a wide variety of specimens becomes polarized when the intrinsic 
or extrinsic fluorophores are excited with plane-polarized light. The level of polarized emission 
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is described in terms of the anisotropy, and specimens that display some degree of anisotropy 
also exhibit a detectable level of polarized emission. Observation and measurement of 
fluorescence anisotropy is based on the photoselective excitation of fluorophores due to the 
transient alignment of the absorption dipole moment with an oriented electric field vector of 
illuminating photons (polarized light). When a fluorophore absorbs an incident photon, the 
excitation event arises from an interaction between the oscillating electric field component of 
the incoming radiation and the transition dipole moment created by the electronic state of the 
fluorophore molecular orbitals. Fluorophores preferentially absorb those photons that have an 
electric field vector aligned parallel to the absorption transition dipole moment of the 
fluorophore. 

 

Fluorescence emission also occurs in a plane defined by the direction of the emission transition 
dipole moment. Each fluorophore has fixed within its molecular framework an absorption and 
emission transition dipole moment (Figure 8), which have defined orientations with respect to 
the molecular axes of the dye molecule and are separated from each other by an angle (q). 
Presented in Figure 8 is a hypothetical tri-nuclear aromatic heterocyclic fluorophore (arranged 
similar to the acridine ring system) overlaid with arrows representing the spatial relationship of 
the absorption (yellow arrow) and emission (red arrow) transition dipole moment vectors. 
During the excited state lifetime (t), rotation of the fluorophore will depolarize its emission with 
respect to the excitation vector, resulting in a mechanism with which to measure the rigidity of 
the environment containing the fluorophore. 

Illumination of an isotropic solution containing randomly oriented fluorophores with plane-
polarized light will preferentially excite only those molecules whose absorption transition 
dipole moments are aligned parallel (or nearly so) to the polarization electric vector plane. The 
probability of absorption is actually proportional to the cosine squared of the angle between 
the dipole and the electric field vector of the incident light (absorption is maximum when the 
angle is zero degrees and reaches a minimum as the angle approaches 90 degrees). The result 
will be a specific photoselection process of a sub-population of excited fluorophores from the 
original ensemble, yielding excited state fluorophores oriented parallel to a specific axis. 
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Fluorescence emission from this subpopulation will also be partially polarized. Measurements 
of the relative angle between the excitation and emission transition dipole moments 
determines the degree of polarization (p) or anisotropy (r), as given by the equations: 

p = (I  - I )/(I  + I ) and r = (I  - I )/(I  + 2I ) 

where I( ) is the fluorescence emission measured in the plane parallel to the plane of excitation 
and I( ) is the fluorescence emission measured in the plane perpendicular to the plane of 
excitation. In practice, the amount of polarized light is calculated by measuring the emission 
collected with a polarizer placed in the excitation light path and an analyzer placed in the 
emission light path that is oriented either parallel or perpendicular to the excitation polarizer 
(see Figure 9). Anisotropy and polarization are both expressions for the same phenomenon and 
the values can be easily interconverted. In most cases, the anisotropy expression is preferred 
because the associated mathematical equations are simpler when expressed in terms of this 
parameter. 

Because the emission transition dipole moment is displaced from the excitation transition 
moment due to spatial orientation (see Figure 8), some degree of depolarization will occur even 
if the fluorophores are fixed in place. Thus, the absorption process itself is the first source of 
fluorescence depolarization. Rotational motion of the fluorophore, which invariably occurs 
during the lifetime of the excited state, results in additional displacement of the emission 
transition dipole from the original orientation, and will further lower the observed emission 
anisotropy. The rate of rotation is dependent both on the size of the fluorophore (or the 
macromolecule to which it is bound) and the viscosity of its localized environment. The 
fluorescence anisotropy of a solution can be related to the rotational mobility of the 
fluorophore by the Perrin equation: 

r0/r = 1 + (RTt)/(hV) 

where r(0) is the limiting anisotropy (the anisotropy observed in the absence of any fluorophore 
rotation), r is the measured anisotropy, h is the viscosity of the environment, V is the volume of 
the rotating molecule, R is the universal gas constant, T is the temperature of the solution on 
the Kelvin scale, and t is the lifetime of the fluorophore excited state. In practice, the Perrin 
equation is reduced to express the time-dependent decay of anisotropy in terms of 
the rotational correlation time (f) of the fluorophore: 

r0/r = 1 + t/f where f = (hV)/(RT) 
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Among the phenomena that lead to (lower) measured fluorescence anisotropy values that 
depart from the maximum theoretical limit is the natural rotational diffusion of molecules that 
occurs during the lifetime of the excited state. In solution, small molecular weight fluorophores 
(up to several thousand Daltons) have a rotational correlation time ranging between 50 and 
100 picoseconds, which is significantly faster than the rate of emission and displaces, or 
randomly distributes, the emission transition dipole moment. Because the average excited 
state lifetime of a typical fluorophore is in the nanosecond range, the molecules are able to 
rotate numerous times before emission. As a result, the polarized emission is randomized so 
that the net anisotropy is zero. A second (but far more rare) mechanism for commonly 
observed decreases in anisotropy is transfer of excitation energy between fluorophores. 

Association of a fluorophore with a much larger macromolecule results in a dramatic increase in 
the rotational correlation time. In most cases, the correlation time for a large protein in 
solution ranges from 10 to 50 nanoseconds, which equals or exceeds the average excited state 
lifetime of a typical fluorophore. Binding of the fluorophore slows the rotational motion of the 
fluorescent probe and enables the investigation of the rotational correlation time of the host 
protein. Smaller proteins usually display much shorter correlational times than larger proteins, 
or proteins involved in complex biological assemblies, and can be expected to produce lower 
anisotropies. 

 

The instrumental approach for measuring fluorescence polarization with an optical microscope 
is presented in Figure 9. Plane-polarized excitation light is generated by passing light from the 
arc-discharge illuminator through a linear polarizer. The plane-polarized excitation light is 
absorbed maximally by fluorophores in the specimen (on the microscope slide) whose 
absorption dipole moments are oriented parallel to the plane of the excitation light. This results 
in a specific sub-population of fluorophores being excited (an anisotropic collection of 
fluorophores). In theory, all of the excited fluorophores possess the same orientation of 
absorption and emission dipole moments. The fluorescence subsequently emitted by the 
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fluorophore is measured in both parallel and perpendicular orientations with respect to the 
polarization plane of the excitation illumination. As the fluorophore rotates during its excited 
state lifetime, the level of emission observed parallel to the plane of excitation will continually 
decrease, while the amount of emission recorded perpendicular to the plane of excitation will 
simultaneously increase. 

As discussed above, fluorescence anisotropy measurements can provide information on the 
rotational mobility of proteins, from which their molecular weight and shape can be inferred. In 
addition, intermolecular associations can be monitored, as well as conformational changes and 
protein denaturation. The technique has also been employed to examine the internal flexibility 
of proteins and a number of physical properties of biological membranes, including viscosity, 
phase transitions, chemical composition, and the effects of membrane perturbation on these 
properties. Fluorescence anisotropy measurements can be made on steady-state systems using 
continuous illumination or in time-resolved experiments that utilize pulsed excitation events. 

Resonance Energy Transfer 

A fluorophore in the excited state can, as discussed above, lose excitation energy by converting 
it into light (fluorescence), through thermal equilibration (vibrational relaxation), or by transfer 
to another molecule through collision or complex formation (non-radiative dissipation and 
quenching). In forming a complex or colliding with a solvent molecule, energy is transferred by 
the coupling of electronic orbitals between the fluorophore and a second molecule. There is 
also yet another process, termed resonance energy transfer (RET), by which a fluorophore in 
the excited state (termed the donor) may transfer its excitation energy to a neighboring 
chromophore (the acceptor) non-radiatively through long range dipole-dipole interactions over 
distances measured in nanometers. The basic theory of resonance energy transfer assumes the 
donor fluorophore can be treated as an oscillating dipole that can transfer energy to a similar 
dipole at a particular resonance frequency in a manner analogous to the behavior of coupled 
oscillators, such as a pair of tuning forks vibrating at the same frequency. 

Resonance energy transfer is potentially possible whenever the emission spectrum of the donor 
fluorophore overlaps the absorption spectrum of the acceptor, which by itself is not necessarily 
fluorescent. An important concept in understanding this mechanism of energy transfer is that 
the process does not involve emission of light from the donor followed by subsequent 
absorption of the emitted photons by the acceptor. In other words, there is no intermediate 
photon involved in the mechanism of resonance energy transfer. The transfer of energy is 
manifested by both quenching of the donor fluorescence emission in the presence of the 
acceptor and increased (sensitized) emission of acceptor fluorescence. 
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Presented in Figure 10 are changes to the emission intensities of the spectral profiles from a 
coupled donor and acceptor molecule undergoing resonance energy transfer. Overlap (gray 
area) between the donor emission (central gray curve) and acceptor absorption spectra (central 
yellow curve) is required for the process to occur. When this overlap is present, and the donor 
and acceptor are separated by less than 10 nanometers, donor excitation energy can be 
transferred non-radiatively to the acceptor. The net result is quenching of the donor 
fluorescence emission (red curve) and an increase in the emission intensity of the acceptor 
(sensitized emission, red dashed curve). The individual spectral profiles for the donor and 
acceptor in Figure 10 can be identified using the legend in the upper left-hand corner of the 
figure. 

The efficiency of resonance energy transfer varies with the degree of spectral overlap, but most 
importantly as the inverse of the sixth power of the distance (radius, r) separating the donor 
and acceptor chromophores. Energy transfer to the acceptor requires the distance between the 
chromophores to be relatively close, within the limiting boundaries of 1 to 10 nanometers. The 
phenomenon can be detected by exciting a labeled specimen with illumination wavelengths 
corresponding to the absorption (excitation) maximum of the donor and detecting fluorescence 
emission in the peak emission wavelength region of the acceptor. Alternatively, the 
fluorescence lifetime of the donor can be measured in the presence and absence of the 
acceptor. The dependence of energy transfer efficiency on the separation distance between the 
donor and acceptor provides the basis for the utility of resonance energy transfer in the study 
of cell biology. This facet of resonance energy transfer enables the technique to be used as 
a spectroscopic ruler to study and quantify interactions between cellular components, as well 
as conformational changes within individual macromolecules, at the molecular level. 
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A set of specific conditions must be established for resonance energy transfer to occur. The 
donor chromophore must be capable of fluorescence with a reasonable quantum yield coupled 
to a sufficiently long lifetime, and the distance between the donor and acceptor molecules 
must be relatively short (in most cases, only a couple of nanometers). In addition, as discussed 
above, the design of resonance energy transfer investigations does not involve considering the 
actual reabsorption of light by the acceptor. The rate of energy transfer (K(T)) and energy 
transfer efficiency (E(T)) are both related to the lifetime of the donor in the presence or 
absence of the acceptor. The rate constant for energy transfer is expressed as: 

KT = (1/tD) • (R0/r)6 

where R(0) is the critical Förster distance, which is the donor-acceptor separation radius where 
the probability of energy transfer equals that of the donor de-excitation (decay) rate in the 
absence of the acceptor. Thus, the Förster distance, typically ranging between 2 and 7 
nanometers for most resonance energy transfer measurements, is the distance between 
chromophores at which energy transfer is 50-percent efficient. Also in the equation, t(D) is the 
variable used to denote the lifetime of the donor in the absence of the acceptor, and r is the 
distance separating the donor and acceptor molecules. By examining the equation, it is clear 
that the resonance energy transfer rate is equal to the donor decay rate (reciprocal of the 
lifetime) in the absence of the acceptor when the radius between chromophores is equal to the 
Förster distance. At this point, the transfer efficiency is 50 percent and the donor emission 
would be decreased to one-half of the normal intensity in the absence of the acceptor. Because 
the rate of energy transfer is inversely proportional to the sixth power of the separation 
distance, the proximity between donor and acceptor is clearly the dominating term. The critical 
Förster distance, expressed in nanometers, is calculated according to the equation: 

R0 = 2.11 x 10-2 • [h-4Q0k2J(l)]1/6 

The Förster distance equation introduces the concept of k2 (k-squared), which is an orientation 
factor describing the spatial relationship between the donor and acceptor absorption and 
emission dipoles in three-dimensional space. If dipole orientation is random between the two 
chromophores (due to rapid rotation of the donor and acceptor molecules), the orientation 
factor is taken to equal the statistical average (a value of 2/3 or 0.67) for most calculations 
of R(0). The refractive index of the medium where energy transfer occurs is denoted by the 
variable h, and Q(0) is the quantum yield of the donor in the absence of the acceptor. The 
overlap integral, J(l), defines the area of overlap between the donor emission and acceptor 
absorption spectra (illustrated by the gray-shaded area in Figure 10). Energy transfer efficiency 
(E(T)) is related to the distance separating the donor and acceptor (r) by the equation: 



2017 IJMSHNEM ‘LIFE IS PHOTONIC’ 

135 
 

r = R0[(1/ET) - 1]1/6 where ET = 1 - (tDA/tD) 

Thus, by measuring the fluorescence lifetime of the donor in the presence of the acceptor 
(t(DA)) and without the acceptor (t(D)), the energy transfer efficiency and distance separating 
the two chromophores can be determined. Because the efficiency of resonance energy transfer 
is heavily influenced by diffusion of the donor and acceptor during the donor lifetime, time-
resolved measurements are most suitable for analysis of spatially fluctuating systems. Transfer 
efficiency can also be measured by steady-state techniques using the relative fluorescence 
emission intensity of the donor in the presence and absence of the acceptor. However, these 
calculations are limited to situations where the donor and acceptor are separated by a fixed 
distance, such as when both chromophores are bound to the same macromolecule. This is not 
the case for donors and acceptors bound to different proteins or a protein and nucleic acid, 
where time-resolved information is often necessary. Likewise, for a mixture of chromophores in 
solution, or dispersed randomly in membranes, more complex calculations that take into 
consideration an average transfer rate of spatially distributed molecules are necessary. 

Resonance energy transfer investigations provide unique information when compared to that 
derived from alternative experiments involving fluorescence anisotropy, solvent relaxation, 
quenching, or most excited state reactions. A majority of quantitative fluorescence 
measurements rely on short-range interactions between the fluorophore and other molecules 
in the immediate vicinity, including the surrounding solvent molecules. In contrast, solvent 
effects and even the presence of a large macromolecule (such as a protein or nucleic acid) have 
little effect on the efficiency of energy transfer between the donor and acceptor. The primary 
factor for consideration in measuring resonance energy transfer, unlike other techniques, is the 
actual physical distance between the donor and acceptor molecules. 

Conclusions 

Even though the fluorescence phenomenon appears to be almost instantaneous, with current 
instrumentation the relatively long timeframe between absorption of a photon and the 
emission of a second photon by a fluorophore opens the door to a considerable number of 
investigations using this remarkable methodology. Included in the palette of fluorescence 
techniques are observable changes in absorption and emission spectra, quantum yield, 
lifetimes, quenching, photobleaching, anisotropy, energy transfer, solvent effects, diffusion, 
complex formation, and a host of environmental variables. All of these factors can be readily 
evaluated through steady state or time-resolved interpretations of the spectral properties of 
intrinsic and extrinsic fluorophores. 
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When coupled to the optical microscope, fluorescence enables investigators to study a wide 
spectrum of phenomena in cellular biology. Foremost is the analysis of intracellular distribution 
of specific macromolecules in sub-cellular assemblies, such as the nucleus, membranes, 
cytoskeletal filaments, mitochondria, Golgi apparatus, and endoplasmic reticulum. In addition 
to steady state observations of cellular anatomy, fluorescence is also useful to probe 
intracellular dynamics and the interactions between various macromolecules, including 
diffusion, binding constants, enzymatic reaction rates, and a variety of reaction mechanisms, in 
time-resolved measurements. Other important processes are also targets for investigation 
using the high degree of specificity and spatial resolution available with fluorescence 
microscopy. For example, fluorescent probes have been employed to monitor intracellular pH 
and the localized concentration of important ions, and for the study of cell viability and the 
factors that influence the rate of apoptosis. Likewise, important cellular functions such as 
endocytosis, exocytosis, signal transduction, and transmembrane potential generation have 
come under study with fluorescence microscopy. In reviewing the large number of applications 
that benefit from fluorescence analysis, it is apparent why the significant utility of fluorescence 
microscopy has driven this technique to the forefront of biomedical research. 
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Scientists Replicate Mitogenetic 
Radiation 

 
by Jonathan Tennenbaum 

A heated debate recently erupted among biologists and physicists at Moscow State University, about 
a series of experiments by A.B. Burlakov and his collaborators, demonstrating nonlinear photonic  
interactions between living organisms, ostensibly mediated by electromagnetic radiation alone. The 
results of the experiments were so striking and unexpected to many of the Moscow biologists, that 
they were initially dismissed as 'impossible.' A number of the skeptics tried the experiments 
themselves, and were astonished to find exactly the effects reported by Burlakov et al. 
 
In fact, back in the 1920s, the famous Russian biophysicist Alexander Gurwitsch had already 
established beyond any reasonable doubt, that living cells and tissues generate an extremely weak, 
yet biologically active, form of electromagnetic radiation, in particular in the ultraviolet range; and that 
the presence of this radiation is somehow intimately connected with the nature of living processes 
themselves. 
 
Gurwitsch was led to his experimental demonstration of what he called "mitogenetic radiation" in a 
lawful and rigorous way, as a by-product of his attempts to hypothesize a universal biophysical 
principle, the which (among other things) would encompass the paradoxical, but otherwise undeniable 
correlations between events of cell division (mitosis) and other events occurring in widely separated 
locations within a living organism. 
 

 

 

 

Doing the impossible: 
Shown here is the low-
level luminescence of 
cucumber seedlings, in 
photons per second, 
observed in the 
laboratory of Fritz Popp, 
between 250 and 500 
seconds in the course of 
time. 

 
Source: Fritz Popp, 1985. 
'Principles of Quantum Biology As 
Demonstrated by Ultraweak 
Photon Emission from Living 
Cells,' International Journal of 
Fusion Energy, Vol. 3, No. 4 
(Oct.). 

 

  

 
Gurwitsch's work, like that of his great Ukrainian-Russian scientific contemporary 
Vernadsky, was a direct outgrowth of the work of Louis Pasteur, and ultimately of 
Kepler and Leibniz. Exactly for that reason, it was systematically suppressed; both 
in the West—where the Rockefeller Foundation directly targetted Gurwitsch's and 
related work from the late 1920s on, as a threat to its promotion of reductionist 
"molecular biology"—and, to a somewhat lesser extent, in the Soviet Union itself. 
 
The oligarchical effort to shut down Gurwitsch, and other branches of the 



2017 IJMSHNEM ‘LIFE IS PHOTONIC’ 

138 
 

Leibnizian/Pasteurian thrust in biology and medicine in particular, went hand-in-
hand with the promotion of fascist eugenics policies, both in the crude form of the 
Harriman-sponsored Nazi "race hygiene," and the retooled, purportedly more 
"objective" and "scientific" version, now being propagated under the cover of the 
"human genome project" and the marriage of molecular biology with the doctrines of 
information theory and so-called "computer science." In fact, there has been no 
interruption in two centuries of British-centered efforts to use "biological theories" as 
a prime vehicle for propagating fascist doctrines, policies, and movements. The 
swindle of "artificial intelligence" and the now-booming pseudo-scientific discipline of 
"artificial life," amount to the same thing: the attempt to eliminate human cognition, 
to eliminate the concept of Man in the living image of God, and to propagate a 
bestial concept of society. . . . 

Jonathan Tennenbaum, who heads the Fusion Energy Foundation in Europe, is 
based in Germany. 
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Biophoton emission is a general phenomenon of living systems. It concerns a weak photon radiation from a 
few to some hundred photons per second, per square centimeter surface area, at least within the spectral 

region from 200 to 800 nm. The results indicate that biophoton emission can be assigned to a coherent field 
within living organisms, its functions being intra and intercellular regulation and communication. This review 

deals with some central results and their interpretation. 
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by Marco Bischof 

March 2005  
  
Light is not only what brightens up our world by day and makes us see the things around us, light is also 
produced by our own cells and forms a major component of man's inner environment and a non-material 
part of our bodies connecting us with the outer environment. 
  
The existence of this endogenous light has been discovered in the 1920's by the Russian 
embryologist Alexander Gurwitsch and has been conclusively demonstrated by modern biophysicists 
since the late 1960's with state-of-the-art technology and methods. 
 
All living organisms, including humans, emit a low-intensity glow that cannot be seen by the naked eye, 
but can be measured by photomultipliers that amplify the weak signals several million times and enable 
the researchers to register it in the form of a diagram. As long as they live, cells and whole organisms 
give off a pulsating glow with a mean intensity of several up to a few ten thousand photons per second 
and square centimeter. 
  
This corresponds to a candle-light seen from 15 miles distance and is tens to hundreds of millions times 
weaker than daylight. 
  
This glow can also be made visible by means of a CCD camera whose input of differences in brightness 
is then transformed by a computer into colors displayed on a video screen. Because of its low intensity, 
this cellular glow, also known as biophoton emission, is often referred to as ultra-weak cell radiation, or 
ultra-weak bioluminescence. 
  
Its spectral range of frequencies (colors) extends from 200-800 nanometers, i.e., from UV-C and UV-A 
through the whole visible range into the infrared part of the spectrum. 
  
It should not be confounded with the "bioluminescence" of fire-flies, glow-worms, deep sea fishes, and 
rotting wood which is much stronger, has different properties, and is clearly of chemical origin. 
  
  
  
 
Historical development of biophoton research 
 

http://www.international-light-association.eu/PDF/Biophotons.pdf
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Biophotons were discovered in 1922, when the Russian embryologist and histologist Alexander 
G.Gurwitsch (1874-1954) performed an experiment with onion roots. 
  
He found that some influence from the dividing cells at the tip of one root stimulated the division of cells 
in the other root. 
  
When he observed that this influence passed through quartz glass, while it was blocked by ordinary 
glass, he concluded it must be a mitogenetic radiation" in the UV range. Gurwitsch was convinced that 
this radiation was an expression of "morphogenetic fields" within the organism that structured and 
organized the life processes in the cell and the organism. 
  
However, with the technical means available from the 1920's to the 1940's, Gurwitsch and his 
collaborators at the Leningrad Research Institute for Experimental Medicine and at the Academy of 
Medical Sciences in Moscow were not able to reliably measure mitogenetic radiation. They mainly used 
"biological detectors" such as the onion root just mentioned, or yeast cultures, to register the radiation. 
  
Only when after World War II photomultipliers became available to biomedical researchers, 
measurements proved the existence of cell radiation beyond doubt. They were able to detect a hundred 
times weaker photon streams and could even register single photons. 
 
In the West, this happened first in 1954-55 when the Italian biophysicists L.Colli and U.Facchini and 
their collaborators at the University of Milan verified Gurwitsch's discoveries with the new technology 
and showed that sprouts of various plants emit visible light. However, after their two publications they 
did not continue the investigations. 
  
In the 1960's the first reports by Russian scientists about "ultraweak cell radiation", as mitogenetic 
radiation was now called, were published in Western languages. 
  
While Russian scientists had done extensive investigations with photomultipliers since the late 1940's, 
systematic Western research in this field only started with the experiments of the Australian physical 
chemist Terence I.Quickenden in the late 1960 and early 1970's, and finally with the work of the 
German biophysicist Fritz Albert Popp from 1974 onwards. 
  
Popp and his collaborators at the University of Marburg, and later at the University of Kaiserslautern and 
the International Institute of Biophysics at Kaiserslautern and Neuss, were the first to carry out 
systematic experimental and theoretical investigations of all questions related to this new biological 
phenomenon. 
 
In the 30 years since then, Popp and his colleagues -and many other researchers all over the world - 
have not only demonstrated the existence and ubiquity of biophoton emission beyond any reasonable 
doubt, but also have established its properties, have developed and tested a number of hypotheses 
about its possible biological functions for which much evidence has been found, have done a lot of 
theoretical work towards a biophoton theory explaining all or some of the phenomena observed, and 
have started to develop a number of practical applications for the use of biophoton measurements of 
microorganisms, plants, animals, and humans. 
  
Today, the International Institute of Biophysics (IIB) founded by Popp and some of his colleagues in 
1996 has become an international research network comprising 22 members of 14 research groups at 
universities in the USA, China, Russia, Poland, India, Japan, Korea, Israel, Italy, England, and 
Germany. Altogether, there are about 40 research groups worldwide working in biophoton research. 
  
 

http://www.bibliotecapleyades.net/ciencia/ciencia_astrosciences05.htm
http://en.wikipedia.org/wiki/Alexander_Gurwitsch
http://en.wikipedia.org/wiki/Alexander_Gurwitsch
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The properties of biophoton emission 
 
After having shown that biophoton emission is a general property of all plant and animal life, Popp's 
team set themselves the task to show that the glow organisms gave off was not just caused by 
chlorophyll, thermal influence "spontaneous chemiluminescence", or some other "contamination effect". 
  
In the 1970's, the American biochemist H.H. Seliger and the Russian biophysicist A.I. Zhuravlev had 
postulated that bioluminescence originated from occasional losses of the excitation energy that usually 
is used up in chemical processes, and therefore had no biological significance whatsoever. 
  
Today we know from the work of Popp's group and that of other scientists that biophoton emission 
correlates strongly with all the life activities of the organism by which it is emitted, and therefore very 
probably fulfills some biological function(s). 
  
Unlike chemical bioluminescence, before the death of an organism its intensity increases steeply more 
than a hundred- or a thousand-fold, and then decreases down to zero at the moment of death. 
  
The radiation also increases during mitosis (cell division) and undergoes very characteristic changes 
during all phases of the cell cycle. It reacts very sensitively to all disturbances, external influences, and 
inner changes in the organism. 
  
For this reason, its measurement can be used as a reliable and sensitive indicator for such influences 
and changes. 
  
 
The coherence of biophotons 
 
The most convincing argument against the "degradation theory" of Seliger and Zhuravlev however is the 
evidence for the coherence of biophotons that Popp and his team have provided in the course of the last 
twenty years. 
  
Biophotons consist of light with a high degree of order, in other words, biological laser light. 
  
Such a light is very quiet and shows an extremely stable intensity, without the fluctuations normally 
observed in light. Because of their stable field strength, its waves can superimpose, and by virtue of this, 
interference effects become possible that do not occur in ordinary light. 
  
Because of the high degree of order, the biological laser light is able to generate and keep order and to 
transmit information in the organism. 
 
In biophoton research, the property of coherence mainly shows in the "hyperbolic decay" of so-called 
"induced emission". Two types of measurement are used in biophoton research. In the spontaneous 
emission" of a sample it is practically impossible to provide evidence of coherence. 
  
For this reason the measurement of "induced emission" has become an important instrument of 
biophoton research, where it is possible to determine the degree of coherence of the light emitted by the 
organism. 
  
Here the sample is illuminated by a short flash of light, before the researcher measures in which way the 
absorbed light is given off again. In doing so, he can observe that biophoton emission from living tissue 
shows a very extended decaying process lasting for a period of minutes to hours - something which is 
never observed in dead objects. 
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Furthermore, this decay continuously slows down, such that the decay curve becomes flatter all the time 
and the emission never really ceases. Popp has given proof that such a decaying behavior - which 
graphically is displayed in the form of a hyperbolic curve - is evidence of the coherence of the measured 
emission and indicates that light is stored in the tissue. 
  
Another conclusion that can be drawn from this behavior of the re-emitted biophotons is that the 
emission is not originating from isolated molecules in the cells, but that the emitting molecules are 
coupled by a connecting coherent radiation field. 
  
A central role in the light storage seems to be attributable to the DNA in the cell nucleus which Popp's 
group has shown to be the main light source in the cell. 
  
 
Two schools of interpretation 
 
Today the majority of scientists working on ultra-weak cell radiation still subscribes to Seliger's and 
Zhuravlev's biochemical view. 
  
They base their understanding on the well known physical and chemical principles of the luminescence 
of biological molecules and attribute the light emission to certain chemical reactions such as radical 
reactions and oxidation. 
  
They consider the light emission from organisms to be a mere waste product of metabolism without any 
biological function. Nevertheless they have developed its measurement into a useful instrument for 
detecting oxidative damage in organic materials, such as the rancidity of oils and fats. 
 
Popp and his group, on the other hand, have developed another, biophysical interpretation of the 
phenomena based on a new understanding of life derived from quantum optics, non-equilibrium 
thermodynamics, and other recent developments in science, which today is accepted by a growing 
minority of the researchers in the field. 
  
They do not deny that radical reactions and other biochemical processes occur and may generate some 
of the light emitted by organisms, but see biophoton emissionmainly as the expression of an overall 
regulating field in the organism in which also such chemiluminescent events are embedded. 
  
In contrast to the classical, molecular view of the biochemical school, they describe the organism as a 
macroscopic quantum system in which not the particle aspect, but the holistic field aspect predominates. 
  
They assume that all the molecules of the organism are coupled to each other by a coherent radiation 
field in such a way that they form a unity in which biophotons cannot be assigned any more to any 
particular emitters, but must be considered to be emitted by the organism as a whole. 
 
The analysis of biophoton measurements has shown that the emitting matter forms a biological laser 
mechanism, which at the same time is an experimental confirmation of the view that the organism is an 
open system far from thermodynamic equilibrium. 
  
This coherent biophoton field which permeates and envelopes the solid body is assumed to regulate and 
control all the life processes in the organism. 
  
It is a holographic field of standing waves which is able, through a broad spectrum of frequencies and 
polarizations and in close interplay with all material structures, to transmit signals with the speed of light 

http://en.wikipedia.org/wiki/Biophoton
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to any place in the organism and to activate or to inhibit biochemical processes, to organize matter, and 
much more. 
  
The material structures involved in this are predestined to function as antennae for the absorption and 
the emission of these signals, because they possess, by virtue of their evolution in the terrestrial 
radiation field and their co-evolution with the biophoton field, precisely matching geometries and 
dimensions. 
 
The biological laser field of the organism stabilizes exactly at the "laser threshold" where it can oscillate 
between the coherent mode of operation and the incoherent mode of operation, and thus combine the 
advantages of both regimes. 
  
This threshold is a "non-equilibrium phase transition" (or "dissipative structure") where the light can 
spontaneously and abruptly change its order. 
  
Above the laser threshold, in the coherent regime, the photon field switches over into a stable and highly 
ordered interference pattern in which the waves superimpose coherently. The various light sources 
assume a coordinated behavior and function like a whole. 
  
At the same time these waves are amplified auto-catalytically and turn into laser light. Below the 
threshold, in the chaotic regime, the light sources decouple and function separately. 
  
There is still coherent superimposition of waves, but it is dominated by the absorption of light. 
  
Both regimes are necessary for the organism; for some purposes independently functioning elements 
are needed, for others, coordinated behavior is more advantageous. According to Popp, this is the 
mechanism by which the organism regulates itself on all levels. 
 
This hypothetical mechanism is based on the assumption that the laser mechanism of biological 
systems operates not only with the low-grade coherence known from technical optics, but uses the ideal 
quantum-optical coherence defined by Harvard physicist Roy J.Glauber around 1970. Popp believes 
the quantum field of living systems realizes the form of a "coherent state", a paradoxical state with 
minimal quantum uncertainty that unites the properties of wave and particle, coherence and 
incoherence, localization and delocalization. 
  
All the evidence of biophoton research so far suggests that biological systems realize a form of optimal 
coherence that science has yet to fully understand. 
  
The measurements show evidence for the existence in biological systems of a new class of quantum 
phenomena recently investigated by a number of very advanced disciplines of quantum optics and 
electrodynamics, such as Non-Classical Light and Cavity Quantum Electrodynamics. 
  
Two of the properties identified by these new disciplines that are realized in organisms are the 
coherence of mixtures of wavelengths (non-monochromatic light) and the occurrence of coherence in 
very weak light. 
  
Recently, the Popp team has demonstrated that biophotons indeed exist in the form of such non-
classical light, or more specifically, so-called "squeezed states" which are a particular form of coherent 
states (Popp et al., 2002). 
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Biophoton measurements on humans 
 
The emission of biophotons has not only been established for practically all plant and animal organisms. 
  
Although only a few such investigations have been realized up to now, we now know that weak, but 
highly coherent light is also emitted by the human body. While some earlier measurements of human 
biophoton emission have been made in the Soviet Union, the first Western investigations were carried 
out by the New York team of Richard Dobrin and John Pierrakos in the late 1970's. 
  
They found emissions of some hundred photons per second from the chest in the UV and visible range 
of the spectrum. 
  
Some test persons were able to increase the emission up to 100 percent by using breathing techniques 
and deliberate tremblings. In 1989 and 1990, a group of British researchers obtained more than three 
times higher intensities in the spectral range of 420-650 nm from hands, trunk and forehead. The palms 
showed a much higher emission (500 photons per second) than trunk and forehead. 
  
The emission at the particular regions of the body remained quite regular, but the team found indications 
for temporal variations with a maximum in the evening. 
  
In the 1990's, systematic long-term investigations of human biophoton emission with a specially 
developed whole-body biophoton-counting equipment were started in Popp's lab, mainly conducted by 
Sophie Cohen (Cohen & Popp, 1997, 1998; Cohen, Popp & ran, 2003). 
  
The most interesting results were the findings on the rhythmicity of the emission, the significance of 
right-left asymmetries, and the non-local effects of treatments on the emission. 
  
Long-time measurements conducted daily over a time of more than a year confirmed that the emission 
of all points on the body displays a clear dependence on the various known biological rhythms (24 
hours, weekly, monthly). Measurements on symmetric points on both sides of the body led to the 
tentative assumption that symmetric measurement values may indicate healthy states while right-left 
asymmetricities are an indication of disturbances. 
  
Most interesting is the recent finding that the changes of the biophoton emission after some treatment 
were not only observed at the position of treatment, but also appeared at other places of the body. 
  
These non-local effects seem to demonstrate that the local biophoton emission is an expression of a 
global biophoton field of the whole organism. 
  
 
A new picture of the organism 
 
The experimental findings of biophoton research, together with recent insights from other fields of 
advanced science, are suggesting an entirely new picture of the living organism. 
  
First of all, as a complement to the solid body of molecules, we have an important new component or 
aspect of the organism to consider, namely the "electromagnetic field body" (Zhang, 2003). 
  
From this point of view, the living organism appears as a highly complex and self-tunable resonating 
system of oscillating fields that are coupled nonlinearly by their phase relations (Bischof, 2003). 
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If we consider the role of the molecules, the organism can be defined as a extremely sensitive and 
highly effective antennae system, able to tune itself according to need to a broad range of frequencies 
and polarizations. 
  
The organism is able to react sensitively to the smallest stimuli, but at the same time can also abruptly 
become transparent for quite strong stimuli.   
 
Applications 
 
Since the onset of biophoton research, various applications have been developed by Popp's group and 
the other labs. 
  
Because biophoton emission reflects all external influences and internal changes of an organism, its 
measurement in principle can be used to determine the state of the organism and for the detection and 
assessment of all types of influences, even if their nature is not known. 
  
Besides the use of biophoton measurements for chemiluminescence detection, the method can be used 
for the detection and damage assessment of environmental contamination by all types of solid, liquid, 
and gaseous chemicals, and electromagnetic fields. 
  
Another application that is already used in practice is food quality assessment. 
  
Some medical applications are under development, but not yet completely ready for use. For instance, it 
has been found that cancer tissue displays completely different biophoton emission characteristics that 
healthy tissue of the same type. 
  
This could be used for developing a non-invasive method of cancer diagnostics, and also could serve to 
determine the optimal therapeutic treatment for a particular patient. Biophoton measurements have also 
widely been used to assess the effects and effectivity of various therapeutic modalities, mainly in the 
field of alternative and complementary medicine. 
 
However, it is in another field where biophoton research has maybe been most influential. 
  
Biophoton theory - the new holistic picture of the organism developed by Popp on the basis of his 
experimental findings - is being used by an increasing number of scientists and medical doctors as an 
important element and stimulus for developing an adequate scientific theory of life, the need for which is 
felt by a growing number of them (Ho, 1993; Zhang, 2003; Curtis & Hurtak, 2004). 
  
As I have described recently, the experimental and theoretical findings of biophoton research, together 
with many other scientific advances, are also an important contribution in the recent emergence of a 
new holistic and transdisciplinary viewpoint in the life sciences, Integrative Biophysics (Bischof, 2003). 
  
 
Biophoton field and visual field 
 
As it may be of interest to the readers of this journal, as a conclusion I will allow myself some remarks 
concerning vision. 
  
Some unpublished observations suggest that the state of the biophoton field of a person may be 
connected to the tonus and geometry of the musculature and the vegetative state of the person on the 
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one hand, and on the other hand to the state of the brain as measured by the EEG (e.g., degree of 
synchronisation and coherence). 
  
Advanced states of deep relaxation or certain meditative states characterized by a high degree of 
coherence in the EEG measurements may well be accompanied also by a high coherence of the 
biophoton field. 
  
I have experienced so many moments of drastic change in the visual field when in deep states of 
meditation that I suspect that seeing and the visual field of a person may depend on the coherence of 
the biophoton field of this person that perhaps could change not only the ability to see clearly but also 
the visibility in 
 
the vicinity of the body. Maybe the visual field is even a the coherence of the biophoton field and the 
EEG property of the biophoton field itself. 
  
However, these are readings have not yet been made as far as I know, merely conjectures because 
measurements correlating 
 
 
Recommended publications 
Popp, F.A., Gu, Q. and Li, K.H.: Biophoton emission: Experimental background and theoretical 
approaches. Modern Physics Letters B. Vol.8, Nos.21 & 22 (1994), pp.1269-1296. 
Chang, J.J., Fisch, J., and Popp, F.A. (eds.): Biophotons. Kluwer Academic Publishers, Dordrecht 1998. 
Popp, F.A.: Biophotons - background, experimental results, theoretical approach and applications. Res. 
Adv. in Photochem. & PhotobioL Vol.1 (2000), pp.31-41. 
Popp, F.A. and Beloussov L.V. (eds.): Integrative Biophysics, Biophotonics. Kluwer Academic 
Publishers, Dordrecht 2003. 
S. Cohen and F. A. Popp: Biophoton emission of the human body. Journal of Photochemistry and 
Photobiologv B:Biologv. Vol.40 (1997), pp. 187-189. 
S. Cohen and F. A. Popp: Whole-body counting of biophotons and its relation to biological rhythms. In: 
Chang, Jii-Ju / Fisch, Joachim / Popp, Fritz-Albert (eds.): Biophotons. Kluwer Academic Publishers, 
Dordrecht 1998. 
S. Cohen, F. A. Popp, and Y. Yan: Nonlocal effects of biophoton emission from the human body. 2003. 
Available from the IEB website: http://www.lifescientists.de/publication/pub2003-04-l.htm 
F.A. Popp, J.J. Chang, A. Herzog, Z. Yan, and Y. Yan: Evidence of Non-Classical (Squeezed) Light in 
Biological Systems. Physics Letters A. 293 (1-2) (2002), pp. 98-102. 
M.W.Ho: The Rainbow and the Worm - The Physics of Organisms. World Scientific, Singapore 1993. 
M.Bischof: Introduction to Integrative Biophysics. In: Popp, F.A. and Beloussov L.V. (eds.): Integrative 
Biophysics, Biophotonics. Kluwer Academic Publishers, Dordrecht 2003, pp. 1-115. 
B.D.Curtis and J.J.Hurtak: Consciousness and Quantum Information Processing: Uncovering the 
Foundation for a Medicine of Light. Journal of Alternative and Complementary Medicine, 10 (1) (2004), 
pp.27-39. 
C.L. Zhang: Electromagnetic body versus chemical body. Network, 81 (2003), pp.7-10. 
Website of the International Institute of Biophysics: http://www.lifescientists.de/ 

 

 





2017 IJMSHNEM ‘LIFE IS PHOTONIC’ 

148 
 

THE SIZE OF CELLS WAS MADE OVER BILLIONS OF 

YEARS BY THE TYPE OF PHOTON WAVELENGTH 

THE CELL NEEDS TO RECIEVE 

 
We established that atoms do not touch and what does touch atoms is photons. All chemical activity 
involves photon absorption or emission. All chemical activity is PHOTONIC. Duh!! 

We then proved that LIFE IS PHOTONIC because plants take in photons using photosynthesis to put 
electrons into high energy states. The plant knows how to do make the high-energy electrons and the 
Chemical Companies do not know how to do this. The chemical companies make patented SINthetic 
compounds. To get a patent you must proof that your new compound, drug or Pharmaceutical is NOT of 
NATURE. The patented drugs are not truly compatible with the human body.  

Life started at the photon level with the sun’s rays striking compounds and imparting energy. Would not 
life use photons to communicate needs and modulate metabolism and reproduction. Would not life use 
the photon and if we look into the cell size we see that the size corresponds exactly to the photon 
requirements needed to receive and transmit photonic communication.  

This would further embarrass and prove that the SINthetic Drugs are incompatible. Only Nature knows. 
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Since we are swimming in a world of photons, it is extremely difficult to measure the cellular biophoton 
communication. It appears that the cell infrared radiation is just a wasted by product. But closer 
examination reveals that the size of the cells and DNA would fit into the hypothesis that there is cellular 
communication. Of course, there is chemical messengers of information. Antigens, enzymes, proteins 
and others do bring messages, but there is a photon communication at the base.  

How does a White Blood Cell find the bacteria. Well we proved it was just like how we find the toilet, 
with out photon receptors not with our noses. Life is photonic at the core.  

The Gerwitches proved mitogenic radiation in the 1920s. Their research has been replicated many times. 
I personally replicated the onion experiment in 1979 and published it in 1982 in the PROMORPHEUS.  

I proved that the synthetic patented drugs were an insult to the body. Only nature knows how to make 
substances appropriate for consumption. Synthetics are SINthetics. Natural medicine is not just a fad, it 
is the future. But instead of getting recognition my work brought me persecution, and prosecution. The 
drug companies own their protective junk-yard dog the FDA. That FDA dog was siked on me. I am the 
man who left America to find freedom, who is no longer a man. Who knows who will read this journal 
and see the light. Photons are light, see the light.  

Visible light was found in mitogenic radiation. And I was the first to find the infrared radiation is used to 
modulate metabolism. If you deprive the infrared radiation the cell dies. LIFE IS PHOTONIC.  

 
As we research antennae physic we start to see the cells are the appropriate size to act as an antenna 
and thus as a transmitter. In fact, it is very obvious. But doctors and molecular biologists are prohibited 
from such research. The drug companies must try to keep up their chemical view of biology and keep 
people discussing chemical precursors instead of photons. Profit over people, profit over truth, profit 
over anything. Look at the next pics and see what you think. Could water be necessary to focus and 
diffract the light to do more work?? Could our photonic quantum biology answer more questions??  

http://www.downloads.imune.net/medicalbooks/The%20Promorpheus%20Treatise%20in%20Quantum%20Biology.pdf
https://youtu.be/QpGQ6ciY7u4
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HOW BIG IS A HUMAN CELL? 

 

Table 1: Characteristic average volumes of human cells of different types. Large cell-cell 
variation of up to an order of magnitude or more can exist for some cell types such as neurons 
or fat cells whereas for others the volume varies by much less, for example red blood cells. The 
value for beta cell comes from a rat but we still present it because average cell sizes usually 
changes relatively little among mammals. 

A human is, according to the most recent estimates, an assortment of 3.7±0.8×1013 cells (BNID 

109716), plus a similar complement of allied microbes. The identities of the human cells are 

distributed amongst more than 200 different cell types (BNID 103626, 106155) which perform a 

http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=109716
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=109716
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=103626
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=106155
http://book.bionumbers.org/wp-content/uploads/2014/07/120-t1-HumanCellSize-1.png
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staggering variety of functions. The shapes and sizes of cells span a large range as shown in 

Table 1. Size and shape, in turn, are intimately tied to the function of each type of cell. Red 

blood cells need to squeeze through narrow capillaries and their small size and biconcave disk 

shape achieve that while also maximizing the surface area to volume ratio. Neurons need to 

transport signals and when connecting our brains to our legs can reach lengths of over a meter 

(BNID 104901) but with a width of only about 10 µm. Cells that serve for storage, like fat cells 

and oocytes have very large volumes. 

 

http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=104901
http://book.bionumbers.org/wp-content/uploads/2014/07/120-f1-HeLaCellDividing-12.png
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Figure 1: Dividing HeLa cells as seen by a scanning electron micrograph (colored). The image is 
taken during cell division (cytokinesis). The transient connecting midbody formed by 
microtubules can be seen. Credit: Steve Gschmeissner / Photo Researchers, Inc 

The different shapes also enable us to recognize the cell types. For example, the leukocytes of 

the immune system are approximately spherical in shape while adherent tissue cells on a 

microscope slide resemble a fried egg with the nucleus analogous to the yolk. In some cases, 

such as the different types of white blood cells, the distinctions are much more subtle and only 

reflected in molecular signatures. 

 

Figure 2: Distribution of cell sizes for L1210, a mouse lymphoblast cell line. The cell volumes are 
reported in units of fL (1 fL = 1 µm3). (Adapted from A. Tzur et al. Science 325:167, 2010) 

Mature female egg cells are among the largest cell types with a ≈120µm diameter. Other large 

cell types include muscle fiber cells that merge together to form syncytia where multiple nuclei 

reside in one cell and megakaryocytes, bone marrow cells responsible for the production of 

blood platelets. Both of these cell types can reach 100 µm in diameter (BNID 106130). Red 

blood cells, also known as erythrocytes, are some of the smallest and most abundant of human 

cells.  These cells have a characteristic biconcave disk shape with a depression where the 

http://en.wikipedia.org/wiki/Cell_%28biology%29
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=106130
http://book.bionumbers.org/wp-content/uploads/2014/07/120-f2-HumanCellSize-13.png
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nucleus was lost in maturation and have a corresponding diameter of 7-8 µm (BNID 100509) 

and a volume of ≈100 µm3 (BNID 101711, 101713). Sperm cells are even smaller with volume of 

about 20-40 µm3 (BNID 109892, 109891). 

Certain human cell lines have been domesticated as laboratory workhorses. Perhaps the most 

familiar of all are the so-called HeLa cells, an example of which is shown dividing in Figure 1. 

Such immortal cancer cell lines divide indefinitely, alleviating the need to sacrifice primary 

animal tissue for experiments. These cell lines have been used for studies such as the molecular 

basis of signal transduction and the cell cycle. In these cell types, the cell volumes are captured 

by a rule of thumb value of 2000 µm3 with a range of 500-4000 µm3(BNID 100434). HeLa cells 

adhere to the extracellular matrix and like many other cell types on a microscope slide spread 

thinly to a diameter of ≈40 µm (BNID 103718, 105877, 105878) but only a few mm in height. 

When grown to confluence they press on each other to compact the diameter to ≈20 µm such 

that in one of the wells of a 96 multiwell plate they create a monolayer of ≈100,000 cells. One 

should note that as in bacteria and yeast, average cell size can change with growth conditions. 

In the case of HeLa cells a >2 fold decrease in volume was observed when comparing cells 3 

days and 7 days after splitting and re-plating (BNID 108870, 108872). A snapshot of the 

variability of mammalian cells was achieved by a careful microscopic analysis of a mouse 

lymphocyte cell line as shown in Figure 2. The distribution is centered at about 1000 µm3 with a 

variance of about 300 µm3. To put these cellular sizes in perspective, if we think of E. coli as 

having the size of a human being, then a HeLa cell is about the size of a blue whale. 

Our examination of the sizes of different cell types will serve as a jumping off point for 

developing intuition for a variety of other biological numbers we will encounter throughout the 

book.  For example, when thinking about diffusion we will interest ourselves in the time scale 

for particular molecules to traverse a given cell type and this result depends in turn upon the 

size of those cells. 

 

 

http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=100509
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=101711
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=101713
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=109892
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=109891
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=100434
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=103718
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=105877
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=105878
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=108870
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=108872
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The cell nucleus and its DNA on a human scale – I 

The nucleus is a very crowded place, filled with DNA, proteins packing up DNA, proteins 
patching up DNA, proteins opening up DNA to transcribe it etc. Statements like this produce no 
physical intuition of the sizes of the various players (to me at least).  How do you go from the 1 
Angstrom hydrogen atom, the 3.4 Angstrom thickness per nucleotide (base) of DNA, the 
roughly 20 Angstrom diameter of the DNA double helix, to any intuition of what it’s like inside a 
spherical nucleus with a diameter of 10 microns? 

How many bases are in the human genome?  It depends on who you read — but 3 billion (3 * 
10^9) is a lowball estimate — Wikipedia has 3.08, some sources have 3.4 billion.  3 billion is a 
nice round number.  How physically long is the genome?  Put the DNA into the form seen in 
most textbooks — e.g. the double helix.  Well, an Angstrom is one ten billionth (10^-10) of a 
meter, and multiplying it out we get 

3 * 10^9 (bases/genome) * 3.4 * 10^-10 (meters/base) = 1 (meter). 

The diameter of a typical nucleus is 10 microns (10 one millionths of a meter == 10 * 10^-6 = 
10^-5 meter.   So we’ve got fit the textbook picture of our genome into something 1/100,000 
smaller. We’ll definitely have to bend it like Beckham. 

As a chemist I think in Angstroms, as a biologist in microns and millimeters, but as an American I 
think in feet and inches.  To make this stuff comprehensible, think of driving from New York City 
to Seattle.  It’s 2840 miles or 14,995,200 feet (according to one source on the internet). Now 
we’re getting somewhere.  I know what a foot is, and I’ve driven most of those miles at one 
time or other.  Call it 15 million feet, and pack this length down by a factor of 100,000.  It’s 150 
feet, half the size of a (US) football field. 

Next, consider how thick DNA is relative to its length.  20 Angstroms is 20 * 10^-10 meters or 2 
nanoMeters (2 * 10^-9 meters), so our DNA is 500 million times longer than it is thick.  What is 
1/500,000,000 of 15,000,000 feet?  Well, it’s 3% of a foot which is .36  of an inch, very close to 
3/8 of an inch.   At least in my refrigerator that’s a pair of cooked linguini twisted around each 
other (the double helix in edible form).  The twisting is pretty tight, a complete turn of the two 
strands every 35.36 angstroms, or about 1 complete turn every 1.5 thicknesses, more 
reminiscent of fusilli than linguini, but fusilli is too thick.  Well, no analogy is perfect.  If it were, 
it would be a description.   One more thing before moving on. 

How thinly should the linguini be sliced to split it apart into the constituent bases?  There are 
roughly 6 bases/thickness, and since the thickness is 3/8 of an inch, about 1/16 of an inch.  So 
relative to driving from NYC to Seattle, just throw a base out the window every 1/16th of an 
inch, and you’ll be up to 3 billion before you know it. 

You’ve been so good following to this point that you get tickets for 50 yardline seats in the 
superdome.  You’re sitting far enough back so that you’re 75 feet above the field, placing you 
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right at the equator of our 150 foot sphere. The north and south poles of the sphere are over 
the 50 yard line. halfway between the two sides.  You are about to the watch the grounds crew 
pump 15,000,000 feet of linguini into the sphere. Will it burst?  We know it won’t (or we 
wouldn’t exist).  But how much of the sphere will the linguini take up? 

The volume of any sphere is 4/3 * pi * radius^3.  So the volume of our sphere of 10 microns 
diameter is 4/3 * 3.14 * 5 * 5 * 5 *  = 523 cubic microns. There are 10^18 cubic microns in a 
meter.  So our spherical nucleus has a volume of 523 * 10^-18 cubic meters.  What is the 
volume of the DNA cylinder? Its radius is 10 Angstroms or 1 nanoMeter.  So its volume is 1 
meter (length of the stretched out DNA) * pi * 10^-9 * 10^-9 meters 3.14 * 10^-18 cubic meters 
(or 3.14 cubic microns == 3.14 * 10^-6 * 10^-6 * 10^-6 

Even though it’s 15,000,000 feet long, the volume of the linguini is only 3.14/523 of the 
sphere.  Plenty of room for the grounds crew who begin reeling it in at 60 miles an hour.  Since 
they have 2840 miles of the stuff to reel in, we’ll have to come back in a few days to watch the 
show.  While we’re waiting, we might think of how anything can be accurately located in 2840 
miles of linguini in a 150 foot sphere. 

 

The size of cells matches the needed antenna effects needed for photonic biology.  
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Abstract 

In this paper we argue that, in addition to electrical and chemical signals propagating in the 
neurons of the brain, signal propagation takes place in the form of biophoton production. This 
statement is supported by recent experimental confirmation of photon guiding properties of a 
single neuron. We have investigated the interaction of mitochondrial biophotons with 
microtubules from a quantum mechanical point of view. Our theoretical analysis indicates 
that the interaction of biophotons and microtubules causes transitions/fluctuations of 
microtubules between coherent and incoherent states. A significant relationship between the 
fluctuation function of microtubules and alpha-EEG diagrams is elaborated on in this paper. 
We argue that the role of biophotons in the brain merits special attention.  

Keywords: mitochondrial biophoton, microtubule (MT), coherence, fluctuation function 

 

 

 

1. Introduction 

All living cells of plants, animals and humans continuously emit ultraweak biophotons 
(ultraweak electromagnetic waves) in the optical range of the spectrum, which is associated 
with their physiological states and can be measured using special equipment1. Neural cells 
                                                             
1 Updated from: http://www.transpersonal.de/mbischof/englisch/webbookeng.htm, 23 November 2010. 
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also continuously emit biophotons. The intensity of biophotons is in direct correlation with 
neural activity, cerebral energy metabolism, EEG activity, cerebral blood flow and oxidative 
processes [37,50].  
 

According to Van Wijk et al. [96], there are significant correlations between the 
fluctuations in biophoton emission and fluctuations in the strength of electrical alpha wave 
production in the brain. Some unpublished observations suggest that the state of the 
biophoton field of a person may be connected to the state of the brain as measured by the 
EEG (e.g., degree of synchronization and coherence) [9]. Certain meditative states 
characterized by a high degree of coherence in the EEG may well be accompanied by a high 
degree of coherence in the biophoton field [9], although measurements correlating the 
coherence of the biophoton field and the EEG readings have not been made yet. 

 
Here, we investigate theoretically the interaction of biomolecules with biophotons 

taking place within the neurons of the brain. We have adopted a quantum mechanical 
formalism in an attempt to quantitatively investigate possible connections between the EEG 
and the biophoton production. 
 
 
2. Biophoton Production Mechanism inside Neurons 

During natural metabolic processes taking place in diverse living organism, permanent and 
spontaneous ultraweak biophoton emission has been observed without any external excitation 
[1,9,29,36,37,49,50,54,66,70,77,83,89,96,97,107]. The emergence of biophotons is due to the 
bioluminescent radical and non-radical reactions of Reactive Oxygen Species (ROS) and 
Reactive Nitrogen Species (RNS), and involves simple cessation of excited states 
[52,61,102]. The main source of biophotons derives from the oxidative metabolism of 
mitochondria [94]. 

Neurons also incessantly emit biophotons [37,50]. Biophoton emission from neural 
tissue depends on the neuronal membrane depolarization and Ca2+ entry into the cells [44]. 
This biophoton emission can be facilitated by the membrane depolarization of neurons by a 
high concentration of K+ and can be attenuated by application of tetrodotoxin or removal of 
extracellular Ca2+ [44]. Recently, Sun et al. [82] demonstrated that neurons can conduct 
photon signals. Moreover, Wang et al. [100] presented the first experimental proof of the 
existence of spontaneous and visible light induced biophoton emission form freshly isolated 
rat’s whole eye, lens, vitreous humor and retina. They proposed that retinal phosphenes may 
originate from natural bioluminescent biophotons within the eyes [10,100]. However, the 
retina is part of the central nervous system. Recently, Bókkon suggested that biophysical 
pictures may emerge due to redox regulated biophotons in retinotopically organized 
cytochrome oxidase-rich neural networks during visual perception and imagery within early 
visual areas [12]. It seems that bioelectronic and biophotonic processes are not independent 
biological events in the nervous system. Therefore, we conclude that biophoton emission 
within neurons can be directly correlated with biochemical processes. 

However, the term ultraweak bioluminescence (ultraweak biophoton emission) can be 
misleading, because it may suggest that biophotons are not important for cellular processes. 
Estimates indicate that for a measured intensity of biophotons, the corresponding intensity of 
the light field within the organism can be up to two orders of magnitude higher [15,80]. 
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According to Bókkon et al. [11], the real biophoton intensity within cells and neurons can be 
considerably higher than one would expect from the measurement of ultraweak 
bioluminescence, which is generally carried out macroscopically several centimeters away 
from the tissue or cell culture [86]. Moreover, the most significant fraction of natural 
biophoton intensity cannot be accurately measured because it is absorbed during cellular 
processes.  

Numerous findings have provided evidence of fundamental signal roles of ROS and 
RNS in cellular processes under physiological conditions [13,14,20,27,33,35,92,95]. There 
are experimental indications that ROS and RNS are also necessary for synaptic processes and 
normal brain functions. Free radicals and their derivatives act as signaling molecules in 
cerebral circulation and are necessary for molecular signaling processes in the brain such as 
synaptic plasticity, neurotransmitter release, hippocampal long-term potentiation, memory 
formation, etc. [47,48,85,87,88,99]. Because the generation of ROS and RNS is not a 
haphazard process, but rather a coordinated mechanism used in signaling pathways, 
biophoton emission may not be a byproduct of biochemical processes but it can be linked to 
precise signaling pathways of ROS and RNS. Consequently, regulated generation of ROS and 
RNS can also produce regulated biophotons within cells and neurons. This means that 
regulated electrical (redox) signals (spike-related electrical signals along classical axonal-
dendritic pathways) of neurons can be converted into biophoton signals by various 
bioluminescent reactions. 

Biophotons can be absorbed by natural chromophores such as porphyrin rings, flavinic, 
pyridinic rings, lipid chromophores, aromatic amino acids, etc. [43,45,57,86]. Mitochondrial 
electron transport chains contain several chromophores, among which cytochrome oxidase 
enzymes are most prominent [43,45]. The absorption of biophotons by a photosensitive 
molecule can produce an electronically excited state. As a result, molecules in electronically 
excited states often have very different chemical and physical properties compared to their 
electronic ground states. Regulated biophotons are not dissipated in random manner within 
cells and neurons, but are absorbed - close to the place where they originated - by 
chromophores and can excite nearby molecules and trigger/regulate complex signal processes 
[17]. Thus, absorbed biophotons could have effects on electrical activity of cells and neurons 
via signal processes.  

3. Interaction of Mitochondrial Biophotons with Microtubules (MTs) 
 
3.1 MTs and Mitochondria 

Microtubular structures have been implicated as playing an important role in the signal and 
information processing taking place in the human (and possibly animal) brain 
[32,41,42,55,56]. Vertebrate neurons show typically filamentous mitochondria associated 
with the microtubules (MTs) of the cytoskeleton, forming together a continuous network 
(mitochondrial reticulum) [79]. The rapid movements of mitochondria are MT-based and the 
slower movements are actin-based [91]. MT formation can be regulated by redox-dependent 
phosphorylations and Ca2+ signals. Since the rapid movements of mitochondria are MT-
based, mitochondrial trafficking can be organized by redox and Ca2+-dependent MT 
regulation. Moreover, the refractive index of both mitochondria and MTs is higher than the 
surrounding cytoplasm [86]. Consequently, both the mitochondria and the MTs could act as 
optical waveguides, i.e. electromagnetic radiation can propagate within their networks 
[21,42,86]. Associated mitochondrial and MT networks may act as redox and Ca2+ regulated 
organic quantum optical-like fiber systems in neurons. MTs are composed of tubulin dimers. 
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Tubulin dimer is an intrinsically fluorescent molecule mainly due to 8 tryptophan residues it 
contains, as can be seen e.g. in the 1TUB structure from the Protein Data Bank [62]. It is 
well known that the absorption (ca. 280 nm) and fluorescence (ca. 335 nm) wavelength (and 
intensity) of tryptophan is dependent on the conformation of tubulin. Probing absorption and 
fluorescence of tubulin is a standard method to determine the polymerization state of MTs. 
This can be considered one of possible qualitative connections between the fluctuations of 
MT growth and its corresponding biophoton absorption and emission characteristics. 
Additionally, there exist other energy states (of both optical and vibrational nature 
[19,40,65]) which tubulin dimers and the whole MT can support. These states can be excited 
by energy supply provided by mitochondria [16]. Furthermore, MT polymerization is 
sensitive to UV [84] and blue light [59] and mitochondria are known to be sources of 
biophotons corresponding to the same wavelengths [8,34,98], which makes an immediate 
logical connection. Figure 1 illustrates how mitochondria emit light into MTs. 
 
 
 
 
 

 
 

Figure 1 Representation of biophotons produced by mitochondria and the interaction of 
biophotons with microtubules.  

 
3.2 Interaction of Biophotons with MTs 
 
It is worth stressing here that centrioles and cilia, which are complex microtubular structures, 
are involved in photoreceptor functions in single cell organisms and primitive visual systems. 
Cilia are also found in all retinal rod and cone cells. The dimensions of centrioles and cilia 
are comparable to the wavelengths of visible and infrared light [31]. In a series of studies 
spanning a period of some 25 years G Albrecht-Buehler (AB) demonstrated that living cells 
possess a spatial orientation mechanism located in the centriole [2,3,4]. This is based on an 
intricate arrangement of MT filaments in two sets of nine triplets each of which is 
perpendicular to the other. This arrangement provides the cell with a primitive ‘‘eye” that 
allows it to locate the position of other cells within a two to three degree accuracy in the 
azimuthal plane and with respect to the axis perpendicular to it [2]. He further showed that 
electromagnetic signals are the triggers for the cells’ repositioning. It is still largely a mystery 
how the reception of electromagnetic radiation is accomplished by the centriole. Another 
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mystery related to these observations is the original electromagnetic radiation emitted by a 
living cell [94]. 
 

 
 

Figure 2 MTs are hollow cylinders composed of protein units called tubulin. The inner 
diameter of an MT is 17nm and the outer diameter is 25 nm. The lengths of MTs vary widely 
from nanometers to micrometers. MTs have been  considered to act as QED-cavities [55, 56]. 

Earlier, MTs have been considered as optical cavities [55] with quantum properties [56], 
capable of supporting only a single mode [41] or perhaps a few widely spaced (in the 
frequency domain) modes. Our approach is based on a fully quantum mechanical formalism 
of the Jaynes-Cummings model [39]. MTs are biological hollow cylinders with a 17 nm inner 
diameter and a 25 nm outer diameter [16], composed of units called tubulin dimers, each of 
which has the dimensions 4 8 6nm nm nm  [55]. Tubulin can be viewed as a typical two-state 
quantum mechanical system, where the dimers couple to conformational changes with 

9 1110 10 sec   transitions due to electron transitions in hydrophobic pockets, 
corresponding to an angular frequency in the range 10 12

0 (10 ) (10 )O O Hz  [55]. Using 
a first-order-approximation estimate of the quality factor for the MT cavities (i.e. MTQ ), 
it has been found that 8(10 )MTQ O [55]. High-quality cavities encountered in Rydberg 
atom experiments dissipate energy on time scales of 3 4(10 ) (10 )secO O   and have Q’s 
which are comparable to MTQ [55]. We consider the tubulin dimer to represent a two-state 
system with ground g  and excited e  states, respectively. Now, we assume that tubulin 
interacts with a single-mode cavity field of biophotons (the coherent nature of biophotons 
will be discussed in section 3.4). Here, we introduce the tubulin transition operatorŝ  ,̂   

and ˆF , where gê is an operator which takes tubulin into the excited state, the 

operator †ˆˆ    eg  takes tubulin into the ground state, and the fluctuation 

operator ˆF e e g g    causes transitions between excited and ground states. We 

have 
ˆ ˆ 0

ˆ ˆ0

g e e

g e g

 

 
 

 

 

 
                         (1) 

 
Frequencies of visible light are on the order of THz , and as explained before, Wang et al, 
[100] have detected visible light in the brain as biophotons. Also, transition frequencies in 
tubulins are on the order of THz [55], so, the interaction between a two-state system (here 
represented by tubulin) and a single mode quantized field (here represented by biophotons) is 
given by the total Hamiltonian in the approximation 0( ) ( )O O   [26] as:  
 

† †
0

1ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ( )
2tubulin Biophotons Interation FH H H H a a a a                 (2) 
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where ˆ
tubulinH is the Hamiltonian operator for tubulin, ˆ

BiophotonsH  is the Hamiltonian operator 

for biophotons and ˆ
InterationH is the Hamiltonian operator representing the interaction between 

tubulin and biophotons. Here, 0  is the frequency of tubulin transitions and  is the 
frequency of biophotons. a  and †a are annihilation and creation operators, respectively. 
 

†

ˆ 1

ˆ 1 1

a n n n

a n n n

 

  
                   (3) 

  
where ket n  is the number state of photons. In Hamiltonian (2) the quantity   is defined as 

dg 


 where d is the dipole moment of tubulin, 
2
h


 where h is Planck’s constant and 

1
2

g
V




 where   is the dielectric constant of the environment in an MT where 

0

~ 80


, 

in which 0  is dielectric constant of vacuum [55], and V is the volume of an MT. Here, the 
state vector of tubulin is ( ) ( ) )g etubulin c t g c t e  where ( )gc t and ( )ec t  are time-
dependent coefficients in which t represents time. The state of the field 

is
0

n
n

Biophotons c n




  where nc is a constant coefficient and n is the number state of 

photons. The total state is the tensor product ( )t tubulin Biophotons   . Inserting the 

total state into the Schrödinger’s equation )(ˆ)( tHtdt
di nInteractio   , the result is readily 

obtained as [26]  
 

 1

0
1

cos( 1) sin( 1 | |
| ( ) (4)

sin( ) cos( ) | | }

e n g n

n
e n g n

c c t n ic c t n e n
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3.3 Coherence and Decoherence Problem for the system of MT 

The Wu-Austin Hamiltonian has been used to describe the interaction of quantized 
electromagnetic field with MTs to yield a coherent Froehlich’s state of the dipolar biological 
system. Wu and Austin [104,105,106] proposed a dynamical model containing a biological 
system composed of electric dipoles with N modes connected to harmonic heat baths 
representing a quantized electromagnetic source and the surrounding thermal-relaxation bath. 
The interaction of quantized field with the system of electric dipoles gives a Froehlich 
coherent state. We believe that the system of neuronal MTs is a good candidate for being 
properly described by the above Hamiltonian. MTs are composed of tubulin dimers which 
can be considered as biological electric dipoles.  
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Previously, one of the concerns of considering coherent states in the brain was due to the 
fact that the Bose-Einstein condensation happens only at low enough temperatures believed 
to be lower than body temperature. Recently, Reimers et al. [27] have argued that a very 
fragile Froehlich coherent state may paradoxically only emerge at very high temperatures and 
thus there is no possibility for the existence of Froehlich coherent states in biological 
systems, so quantum models based on the Froehlich coherence should be ruled out. However, 
it has been shown that there are serious problems in the calculations made by Reimers et al 
[27] and consequently their conclusions appear to be flawed [75]. 

Another important problem that remains when considering coherent states for MTs is the 
so-called decoherence problem. The question is “how is it possible for MTs to be in a 
coherent state while the environment surrounding them is relatively hot, wet and noisy?” 
Although evidence was found that quantum spin transfer between quantum dots connected by 
benzene rings (the same structures found in aromatic hydrophobic amino acids) is more 
efficient at relatively warm temperatures than at absolute zero [63], Tegmark [84] calculated 
decoherence times for MTs based on the collisions of ions with MTs leading to the 
decoherence times on the order of: 

s
Ngq

mkTD 13
2

2

10                         (5) 

 
where D is the tubulin diameter, m the mass of the ion, k Boltzmann’s constant, T absolute 

temperature, N the number of elementary charges in the MT interacting system, 
04

1


g  

the Coulomb constant and q the charge of an electron. Hagan et al. showed that Tegmark 
used wrong assumptions for his investigation of MTs. Another main objection to the estimate 
in (5) is that Tegmark’s formulation yields decoherence times that increase with temperature 
contrary to a well-established physical intuition and the observed behavior of quantum 
coherent states [74]). In view of these (and other) problems in Tegmark’s estimates, Hagan et 
al. [30] asserted that the values of quantities in Tegmark’s relation are not correct and thus 
the decoherence time should be approximately 1010  times greater. According to Hagan et al. 
[30], MTs in neurons of the brain can process information quantum mechanically and they 
could avoid decoherence via several mechanisms over sufficiently long times for quantum 
processing to occur. As a result, we conclude that coherent states in MTs are still 
theoretically possible. Below, we explore the consequences of this conclusion. 
 
 
3.4 Fluctuation Function and Simulation 

We begin by representing the state of the MTs as a superposition of the coherent and 
incoherent (ground) states, and the state of the biophotons as a field composed of n photons. 
In our approach, transitions involving the coherent-incoherent process determined by a 
function called the fluctuation function, )(tF .  

As we explained before, we assume two states for a MT: (a) the ground state 
(incoherent without energy pumping), and (b) an excited state (coherent with energy 
pumping). We reformulate our previous calculations for the system of MTs and investigate 
its interaction with biophotons. First, prior to the interaction, MTs may be in one of the two 
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states: the ground state or the coherent state.  
 

The state of MTs can be written in the form of a superposition of the ground state and 
coherent state. MTs vibrate in different frequency modes before the energy pumping occurs. 
This state can be written in the form  jnnnnnnn  ,...,,.... 321321 in which each in  
is a special frequency mode state of a tubulin in an MT. When a quantized electromagnetic 
field is pumped into the MT, according to Froehlich’s theory [22,23,24], this leads to the 
occupation of one frequency mode with a higher energy. This higher energy state is a 
coherent state. For simplicity in our calculations, we assume the ground state of the MT to be 
equivalent to the ket 0 . Now, the state of MT can be written as the superposition of the 
ground state and coherent state, 
 

| (0) | 0 |g eMT
c c z       (6) 

 

where z  is our representation for the coherent state. It is written as  
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where the coherent state z  satisfies in â z z z  where â  is the annihilation operator. 
We now investigate its interaction with N biophotons. The state of biophotons is considered 
as 
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and the total state is 
 

| (0) | (0) | (0)
MT biophotons

           (8) 

 
After solving the Schrödinger’s equation we have the time-dependent wave function as 
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In this case, the MT system first occupies the ground state. It means 0,1  eg candc . 
After the substitution of these coefficients, the state becomes 
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Written in another form the state is 
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Now, we introduce the fluctuation operator F as  
 

| | | 0 0 |F e e g g z z         (13) 
 
To determine when the MT is in the coherent state and when in the ground state, we use the 
fluctuation function. We define the fluctuation function as 
 

( ) FF t     
 
This function determines the rate of transitions between the coherent state and the ground 
state. Eventually, the fluctuation function for this state is 
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where tT  . We refer to the parameter T as “scaled time”. Here, nc  is the coefficient 

describing the biophoton field and thus 2
nc is the probability of detection of biophotons. We 

may infer information about coherent light from photo-count statistics (PCS) [26]. One 
calculates the probability ( , )p n t  of registering n photons in preset time interval t  by 
recording the number of photons during the measurement. A fully coherent field satisfies a 

Poissonian distribution ( )
!

n NN ep n
n



  for all times 0t  , where N is the average number of 

detected photons per time interval t . The fact that a coherent field satisfies a Poissonian 
distribution is rooted in quantum theory. The amplitude and photon numbers are not 
simultaneously measurable with arbitrary certainty. However, definite and robust 
experimental proof is often complicated due to very small photon counts in t . Biophotons 
have been considered coherent by other researchers and there are some claims of 
experimental observations of coherent biophotons [6,7,9, 66, 67], but in general the claim of 
biophoton coherence still requires a concrete proof. However, here we hypothetically assume 
the coherence property of biophotons and investigate its consequences. Thus for biophotons 
we have 
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where the normalization implies that N
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The 3D diagrams of the fluctuation function are plotted in terms of the scaled time and 
coordinate z, for different numbers of biophotons N. According to earlier calculations [11], at 
least 100 biophotons can be produced within each human visual neuron per second during 
visual perception. So, a few biophotons per second are probably simultaneously present 
within the 1-10 micrometer length of an MT. Here, we have considered different values for 
the numbers of biophotons around an MT such as N=2, 5, 7 and 10 and plotted 3D and 2D 
diagrams of the fluctuation function in Figures 3 and 4, respectively.  
   

 

 

Fig. 3.  3D diagrams of the fluctuation function for different numbers of biophotons N. It is 
seen that the maximum of fluctuation is around z=1. MT is initially in the ground state 

As introduced above, F(T,z) is the fluctuation function which determines the transition rate 
of biomolecules between the coherent states and the ground state. When in coherent states, 
the biophotons are absorbed via biomolecules and when in the ground state, the biophotons 
are absorbed via the vacuum. In this model, the information can be restored from the 
vacuum, and conscious states can be repeated as before. Then, the information can be sent 
back to the memory site again via emission of biophotons. This cycle can be repeated an 
arbitrary number of times. We have plotted the F(T,z) function for different values of its 
variables. According to 3D diagrams in Figure 3, we let the values near 1 for z, since the 
main fluctuations are in this area. In the next diagrams the scaled times are evaluated as 
T=104 and T=105. 
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Fig. 4.  2D diagrams of the fluctuation function for different values of N and z in different 
scaled time intervals. MT are initially in the ground state. 

 
 

Now, we investigate the behavior of the fluctuation function with the assumption that the MT 
is first in the excited state.  Here 1)0( ec  and 0)0( gc . With the substitution of these 
coefficients we have 
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Continuing our calculations for the fluctuation function we find that 
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We have plotted 3D and 2D diagrams of the fluctuation function in Figures 5 and 6, 
respectively. As shown before, the maximum of fluctuations is found to be around z=1. Here, 
we see again these fluctuations around z=1. 
 

 

Fig. 5.  3D diagrams of the fluctuation function for different values of biophotons N. In this 
interaction, MT is initially in the coherent state 

 
 

               Next, we plot F(T,z) again for the above case at different values of its variables. 
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Fig. 6.  2D diagrams of the fluctuation function for different values of N and z. MT is initially 
in the coherent state. 

In Figures 4 and 6 it is seen that the amplitudes of the fluctuation function are decreasing by 
increasing the number of biophotons which interact with an MT, and vice versa.  
 
4. Electrical properties of MTs and their effects on the membrane activity 
 
In previous sections we explained how biophotons can help MTs support coherent states. We 
have shown the existence of fluctuations between coherent states and normal states for MTs 
during the interaction with biophotons. Now the question arises how biophotons can affect 
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the electrical activity of membrane via MTs. To answer this question we should investigate 
how MT activity may affect the electrical activity of the membrane. It is well known that 
MTs play key roles in the trafficking of neurotransmitters to the synapse. According 
to Alvarez and Ramirez [5] action potential leads to a decrease of the disassembly rate of 
MTs. Very recently, Gardiner et al. [25] reviewed the evidence for neurotransmitters 
regulation (i.e. serotonin, melatonin, dopamine, glutamate, glycine, and acetylcholine) of the 
MT cytoskeleton. They postulated that MTs may play a direct role in propagating action 
potentials via conductance of electric current. 
 

Both experimental and theoretical approaches have been used to study electrical signaling 
along MTs. For experimental investigations, the dual patch-clamp set up was used. In such 
experiments, electrical data were gathered and taxol-stabilized MTs were shown to behave as 
biomolecular transistors responding to brief pulses of electric current whose voltage 
amplitude was in the range of ±200mV [68]. Individual MTs were shown to amplify applied 
electrical current two-fold indicating a capability for ionic signal propagation that appeared to 
involve the condensed positive counterion clouds distributed along the length of the MT 
(where approximately 20 unit charges are present per tubulin monomer). This ionic cloud was 
attracted to the negative surface charge of the MT retaining its longitudinal mobility. Further 
measurements and theoretical modeling showed that MTs support nonlinear wave 
propagation [68]. It was also found that MTs exhibited transistor-like properties. It is worth 
noting that MTs were also shown to be conductive using an independent experiment 
involving an electroorientation approach [58]. Intact MTs were demonstrated to have 
conductance of 157 ± 7 mS/m, while MTs treated with subtilisin (which cleaves tubulin’s C-
termini) lowered it to 96 ± 6 mS/m. An argument was put forth that counterions on the 
surface (many of which interact with the negatively charged C-termini) are responsible for 
the observed conductance. Ionic conduction along MTs was modeled in terms of a nonlinear 
electrical circuit using cable equations [69]. Based on these results which indicate that MTs 
transmit electric signals between distant points within a neuron, the sources of potential 
information need to be identified in order to understand how processing sensory-based 
information occurs into a higher cognitive state. The most significant source of input is from 
the neuronal membrane which contains postsynaptic densities making contacts with other 
neurons. 

  
In order for actin filaments (AFs) to conduct an electric signal to the MT network inside 

the neuron, there must be a functional link between these two types of cytoskeleton. There 
are at least three potential mechanisms through which AFs and MTs could interact: (1) direct 
physical contact, (2) via various types of linking proteins, and (3) indirectly through signal 
transduction. AFs are often found in cells forming direct association with MTs. MTs, in turn, 
frequently migrate correlated with actin bundles [76] as was demonstrated by bual-
wavelength fluorescent speckle microscopy analyses. AFs interact with MTs as part of 
neuronal migration, growth cone development, and neuronal receptor and ion channel 
transport [38]. While detailed mechanisms governing MT/AF interactions remain an open 
issue, numerous recently acquired insights reveal a growing number of cross-linker proteins 
playing important roles. 
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Table 1. Major linker proteins of actin filaments with microtubules 

Cross-linker 
protein 

References 

CLIP-115 [38] 
CLIP-170 [38],[101] 
CLASP1 [38],[93] 
CLASP2 [38],[93] 

Lis1 [38],[46] 
EB family [38],[53] 

MAP2c [51],[78] 
Tau [78] 

 

Table 1 summarizes the known cross-linker proteins that bind MTs to AFs. Note that many of 
these proteins are MT plus-end tracking (so called +TIPs) [38]. Cytoplasmic linker proteins, 
CLIP-115 and CLIP-170, bind plus-ends of MTs and link them to cargo or to AFs though 
scaffolding protein intermediaries [101]. CLIP-associated proteins, CLASP1 and CLASP2, 
represent two additional examples of +TIPs. CLASP2α contains a binding site for actin [93]. 
Lis1 tethers AF to MTs through interactions with scaffolding proteins [46]. Similarly, the EB 
family of +TIPs, which include EB1 and EB2, interact with other proteins (including 
CLASP1/2, CLIP-170) in order to bind MTs to AFs [53]. There are also the microtubule-
associated proteins (MAPs): MAP2 and tau, which are known to bind AFs at relatively low 
affinities [51,78]. Signal transduction molecules, such as calmodulin, and Ca2+ and 
phosphorylation have been found to modulate the ability of MAP2 and tau to bind AFs and 
MTs. Consequently, in spite of numerous gaps in our understanding of these interactions, it is 
clear that electric signals arising from synaptic input can reach the internal cytoskeleton using 
various molecular pathways. 

4.1 An Overview 

We strongly believe that electrodynamic interactions between various cytoskeletal structures, 
with MTs playing a central role, and ion channels crucially regulate the neural information-
processing mechanism. These interactions involve long-range ionic wave propagation along 
microtubule networks (MTNs) and AFs and exhibit subcellular control of ionic channel 
activity. Hence, they have an impact on the computational capabilities of the entire neural 
function. Cytoskeletal biopolymers, most importantly AFs and MTs, constitute the basis for 
wave propagation, and interact with membrane components leading to a modulation of 
synaptic connections and membrane ion channels. Association of MTs with AFs in neuronal 
filopodia guides MT growth and affects neurite initiation [18]. This is seen in neurons by the 
presence of proteins that interact with both MTs and AFs, as well as proteins that mediate 
interactions between both types of filaments. For example, MAP1B and MAP2 interact with 
actin in vitro [64,90] but cross-linking, MAP2 and/or MAP1B is associated with both types of 
filaments contributing to the guidance of MTs along AF bundles. Direct interaction between 
AFs and ion channels has been seen and a regulatory functional role has been associated with 
actin. Thus, it is clear that the cytoskeleton directly and indirectly affects membrane 
components, in particular ion channels and synapses.  
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MTs and AFs also interact during the migration of developing growth cones, a process that 
involves +TIPS, which tend to aggregate at the end of the axon shaft in the area where AFs 
are highly localized. Additionally, the neurotrophin NGF and the signal transduction 
molecule GSK-3β act to assure a balance between stable and unstable MTs [28]. The 
dynamic relationships between AFs and MTs during growth cone migration could be partially 
controlled by electric signals transmitted between these networks, which is supported by 
experimental evidence. Applied electric fields were found to guide growth cones of Xenopus 
spinal neurons towards the positive current source and this effect depended on intact AFs and 
MTs [71]. 

 
While learning-related changes in MTs, AFs, MAPs and signal transduction molecules are 

well documented [103], much less is known about how electric signaling in the MT and AF 
networks might be involved memory formation processes. Electric signaling by AFs and MTs 
may play active roles in coincidence detection and storage of spatiotemporal patterns of 
inputs, and signaling within the cytoskeleton may be particularly critical to information 
storage over longer time scales than LTP times. The initial route to the MT network could be 
through the AFs concentrated in the spines. Inputs to arbitrary sites in the neuron can be 
transmitted from the neuronal membrane to AFs in spines via scaffolding proteins and signal 
transduction molecules. Electric signals can then be transmitted utilizing AF cross-linker 
proteins to MTs, and subsequently through MAPs and signal transduction molecules to other 
MTs in the network. A spatiotemporal pattern inherent to a complex stimulus (or cogneme) 
can therefore be readily envisaged and indeed mathematically modeled as a convergence of 
electrical signals to a particular stretch of an MT inside the dendrite.  

 
 5. Concluding Remarks 

There is no doubt that EEG waves are deeply involved with the basic functioning of the brain 
but the origin and the exact function of EEG has remained a mystery. The EEG waves 
associated with two distant neurons are strongly correlated and this supports the view that 
EEG waves are related to the properties of the brain as a coherent quantum system. It is not 
possible for a scalp EEG to determine the activity within a single dendrite or neuron. Rather, 
a surface EEG reading is the summation of the synchronous activity of thousands of neurons 
that have similar spatial orientation, radial to the scalp2.  
 

Synaptic transmission and axonal transfer of nerve impulses are too slow to organize 
coordinated activity in large areas of the central nervous system. Numerous observations 
confirm this view [73]. The duration of a synaptic transmission is at least 0.5 ms, thus the 
transmission across thousands of synapses takes about hundreds or even thousands of 
milliseconds. The transmission speed of action potentials varies between 0.5 m/s and 120 m/s 
along an axon. More than 50% of the nerves fibers in the corpus callosum are without myelin, 
thus their speed is reduced to 0.5 m/s. How can these low velocities (i.e. classical signals) 
explain the fast processing in the nervous system? We believe that quantum theory is able to 
explain some of the above mysteries. As an example, recently it has been shown theoretically 
that the biological brain has the possibility to achieve large quantum bit computing at room 
temperature, superior when compared with the conventional processors [60].  
                                                             
2 Updated from : http://www.reference.com/browse/electro-encephalogram, 13 November 2009. 
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Neuroscientists or brain specialists record the EEG diagrams of their patients when their 
eyes are closed, because when their eyes are open the amplitudes of diagrams dramatically 
would be reduced and they cannot diagnose changes in the amplitudes. In Figure 7 we 
represent the EEG diagrams of a person with different situations as explained in the caption 
to the figure. When the eyes are opened, the number of interacting photons with the 
biomolecules becomes high and the amplitudes of EEG become low. It is clear when the 
intensity of incident light is high; it must produce more action potentials than low intensity 
light. In classical physics, it is argued that this situation is because the superposition of 
several waves tends to decrease the amplitude of the total wave. This argument ignores the 
intensity of the incident light entering the eye. This classical argument also cannot explain 
when and how the synchronization happens in order to decrease the amplitude of EEG.  
 

 
 

Fig. 7.  A schematic alpha-EEG diagram of a person when (a) the eyes are opened and then 
he/she closes the eyes (b) the eyes are closed and then she/he opens his eyes and then closes 

them again. 

 
Our argument is based on the interaction of (bio)photons and MTs inside the neurons. 

When the eyes start to be opened, the incident numbers of photons into the eyes increases and 
according to the diagrams in Figures 4 and 6 the amplitudes are reduced. Also, the amount of 
incident photons can increase the amount of biophoton production inside the neurons, since 
the visible light can be produced inside the brain in the form of biophotons [37,49,50,100] 
and this interaction is not only limited to the external incident photons with MTs. So far we 
have not been able to find an exact relation between the EEG diagrams and the fluctuation 
function, but the synchronous and coherent vibrations of billions electric dipoles of 
biomolecules cannot be ignored in the EEG diagrams. MTs are particularly numerous in the 
brain where they form highly ordered bundles and are the best candidate for long coherence 
and large synchrony [32]. The argument for connection between Alpha-EEG diagrams and 
MTs activity is their similar behavior in increasing and decreasing of amplitudes of 
fluctuation function for MTs and potential difference in EEG in response to the intensity of 
photons. This similarity during opening and shutting of the eyes indicates a significant 
relation between the EEG diagrams and the fluctuation function.  
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Introduction 

 

 

Basic Physics and Chemistry 
I wish I had paid more attention in my high school physics and chemistry classes but instead I counted 

ceiling tiles, wrote bad poetry and picked at my zits. With that in mind I will try to explain what I 

remember about photons, physics and chemistry in general Chemical Organization . What follows could 

have factual errors so beware. About 4.5 billion years (that is approximately 4500 million years-hard to 

imagine) ago our Sun formed as a result of hydrogen atoms (there are 118 elements of which 92 are 

naturally occurring. Periodic Table These are unique atoms which are detailed in the elemental table) 

compressing so much that the relatively weak electrical force exerted by the electrons (Like negative 

charges repel) of the hydrogen atoms could no longer oppose one another. Remember an atom is 

composed of electrons (-charge), which move in fixed orbits around the central nucleus, which contains 

protons (+ charge) and neutrons (neutral charge). The protons are held together by the strong nuclear 

force of the neutrons otherwise because like charges repel they would fly apart disintegrating all matter. 

Electrons (- charge) are held in their orbits around the protons (+ charge) because opposite charges attract. 

Likewise electrons normally repel adjacent atoms so that atoms don’t normally dissolve into one another. 

This is considered a relatively weak electrical force, which is a good thing because then under the right 

circumstances atoms can combine to form new elements. Chemistry studies the various atomic 

combinations. It’s almost like legos the childhood play construction game. 99% of the universe is 

comprised of hydrogen (H) and helium (HE). This is good because they are the simplest atoms with one 

and two electrons orbiting their 1 and two protons and neutrons respectively. Simple atoms can then be 

used by the compressive forces in the sun and extreme heat to form a host of new elements. Most of the 

other 90 naturally occurring elements are made in stars. We are mostly made of star stuff. 

 

Because there is so much hydrogen floating around in space over time (millions of years) it becomes 

compressed due to the gravitational attraction of matter. Eventually the hydrogen atoms collapse into one 

another (Fusion) to form helium. When that happens photons are produced to form visible and invisible 

light. Photons are thus produced as a result of chemical reaction when electrons orbits degrade or when 

electrons are lost. It is the reason you see sunlight and it is still going on today. Photons take about 8 

minutes to get from the sun to earth traveling at the speed of light at about 186,000 miles per second. 

Photons generally bounce off things and so your retina is sensitive to them and you can see objects in 

your environment. When the sun runs out of hydrogen then our sun will literally burn out (probably in 

about 12 billion years). A photon is a sub atomic particle (or string). According to Edward Witten 

Edward Witten  (M Theory) (Many physicists think he is the smartest man alive-even smarter than 

Einstein) a string is a vibrating string (think violin) and or membrane of energy. The frequency (how 

many times it vibrates in a given period of time) and amplitude (How forceful the vibration is) will 

determine what type of sub-atomic particle it is (quark, gluon, photon, ect). There are 21+ sub-atomic 

strings (particles) (things that are smaller than an atom). Particle Physics They can be compressed into a 

very small space. When massive suns die all of their particles collapse to form a “BLACK HOLE.” It is 

thought that the entire universe that exists today is a result of these particles being compressed into a 

space smaller than the size of the nucleus of one atom. This concentrated matter then exploded into what 
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is popularly described of as the “BIG BANG” to form the visible universe about 14 billion years ago. It 

used to be thought (Democritus (450BCE-?)) that the atom was the smallest unit of matter. Then we 

began smashing atoms into one another at high speeds at which point we could see some of these smaller 

particles or strings. For example, when you smash up protons and neutrons you get quarks. Other particles 

such as photons can be produced thru chemical reactions, which produce new chemical elements. 

 

Photons 

 

A photon could be visualized as a tortilla or pizza pie without the topping. Throw it in your imaginary air 

space and slow mo its free fall so that you can carefully observe its properties. Notice that it is not 

perfectly flat because when you threw it in the air it slid off of your hand and began undulating. That is 

visualize your tortilla with waves coursing across its surface in its free fall. These are just like waves in 

the ocean, which you could watch splashing onto shore with an almost rhythmic chant. The regularity of 

the waves over a given period of time could be counted. This is known as the frequency of the waveform. 

How big the wave is known as the amplitude of the wave. All photons have the same frequency and 

amplitude of their waveform. Instead of a tortilla you could substitute a rubber band like string that 

surrounds a membrane. You could also imagine (for our metaphorical purposes only) that the string and 

membrane are made of energy. Other subatomic strings (particles) as aforementioned vibrate at different 

frequencies and amplitudes but all subatomic strings are made of the same energy. Think about that. 

Although string theory, is interesting it is far from certain because we just don’t have the equipment to 

actually see a vibrating string or membrane. These are elegantly elaborated mathematical models which 

suggest but do not prove an almost Alice in wonderland world. 

 

Photons themselves also travel along electromagnetic waves. 
i[1]

 This means that visible light for example 

is both a particle (string) and a wave. This was a huge debate in physics for the longest time. Sir Isaac 

Newton (1643-1727) 
ii[2]

 believed that light consisted of a stream of particles, while Newton’s colleagues, 

most notably the Dutch physicist Christiaan Huygens (1629-1695)
iii[3]

, disagreed with him and argued that 

light is a wave. In an experiment by Thomas Young (1773-1829) 
iv[4]

 performed around 1805 known as 

the Double-slit experiment or two-slit experiment 
v[5]

 the debate was settled. It’s a simple experiment that 

does not require an understanding of quantum mechanics but once its implications are carefully 

considered disproves Newton’s notion that light is composed of particles. Take a single light source, cut 

two slits in a board, place a screen in back of the board so that the board is between the light and the 

screen. The single light source now projects through the two slits and creates two light sources, which 

project onto the screen behind. If light were a particle the light projected onto the screen would diffuse 

evenly onto the background screen. If light were a wave its properties would be similar to waves in an 

ocean. Imagine you are next to a beautiful lake, which is perfectly calm, with not a ripple on its placid 

surface. In fact it is so smooth you can see the high snow capped mountains, towering above the lake, 

reflected onto its surface. Now with both hands hold two stones at arm length apart and drop them into the 

lake simultaneously. You will note an interference pattern where the waves of one stone cancel out the 

waves of the other stone. Double-Slit Experiment Diffraction. The areas of darkness on the screen behind 

the light source are the result of the light waves interfering (Diffraction) with one another. The dark areas 

are caused when peaks and troughs occur together (destructive interference) and the light areas are caused 

when two peaks coincide (constructive interference). According to this experiment, nearly 100 years after 

his death Newton was proved wrong and his colleague Huygens was right. During their lives Newton and 

Huygens did not know the outcome of this debate but later on both would be proved right. 

 

In the 20
th
 century Albert Einstein (1879–1955) 

vi[6]
, Louis de Broglie (1892–1987) 

vii[7]
 and many others 

postulated and confirmed that light (photons) and matter consist of both particles and waves. This was 

known as the Wave–particle duality 
viii[8]

. It has been shown experimentally that all-electromagnetic 

waves and also other subatomic particles (strings) as well as atoms demonstrate the same interference 

patterns. Photons travel at the speed of light along the electromagnetic wave. The speed of light is 
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186,171.116418 miles per second (299,792,458 metres per second (approximately 3 × 108 metres per 

second. 1 Kilometre is 1,000 metres. 1 Kilometre is 0.621 of a mile). That means a photon of light travels 

7.48 times around the earth in one second. (Earth circumference 40,076 km in circumference or 

24,887.196 miles) The distance from the earth to moon is 384,400 km or 238,712.4 miles so it takes light 

approximately 1.28 seconds to reach the moon. Click on this link and then on the dark image at the top of 

the page to see how fast light goes from the earth to the moon in real time. Speed of Light. It takes about 

8 minutes for a photon of light to reach the earth from the sun. 

 

String theory was developed (Yoichiro Nambu (and later Lenny Susskind and Holger Nielsen) in the late 

1960’s and early 1970’s to explain the behavior of subatomic particles (proton and neutron which 

experience the strong nuclear force). Later M-Theory was developed in 1995 by Edward Witten to tie 

together the various string theories. According to these theories photons are not really particles (zero-

dimensional point in space) but rather vibrating strings (one-dimensional extended objects) (String 

Theory) 
ix[9]

 and or membranes (M-Theory) 
x[10]

. As discussed above photons move at the speed of light 

along a wave with a particular frequency, wavelength and amplitude. This wave of photons is 

electromagnetic radiation 
xi[11]

 (light wave example) of the electromagnetic spectrum in order of 

increasing frequency  (radio waves, microwaves, infrared radiation, visible light, ultraviolet radiation, X-

rays and gamma rays). The frequency 
xii[12]

 (Frequency Example) is determined by counting the frequency 

of the wave in a given time period. The wavelength 
xiii[13]

 (Wave Length) is measured as the distance 

between repeating units of wave pattern. Electromagnetic radiation is actually composed of two self-

propagating waves, (one electrical-one magnetic), at right angles to each other (light wave example). 

Therefore a time-varying electric field generates a magnetic field and vice versa. Thus, as an oscillating 

electric field generates an oscillating magnetic field, the magnetic field in turn generates an oscillating 

electric field, and so on. These oscillating fields together form an electromagnetic wave composed of 

photons traveling at the speed of light generating the electromagnetic spectrum from radio waves to 

gamma rays. 

 

History of Biophoton Research 
 

Alexander Gavrilovich Gurwitsch, also Gurvich (Russian: Александр Гаврилович Гурвич 1874-1954) 
xiv[14]

 famous Russian embryologist, developmental biologist, medical scientist, and Professor of 

Histology in Taurida University (1918-1924) discovered ultraweak UV (260 nm) photon emissions from 

living tissue in the 1920’s. Prof. Gurwitsch named these photon emissions "mitogenetic rays" (refers to 

UV electromagnetic waves of photons which stimulate increased cell division (mitosis)) because his 

experiments showed that they stimulated cell division rates 
xv[15]

 of nearby cells. Prof. Gurwitsch was 

thinking about how living tissues transfer the information about the size and shape of organs given that 

chemical reactions "do not contain spatial or temporal patterns a priori (formed or conceived beforehand). 

Prof. Gurwitsch began looking for a morphogenetic (relating to or concerned with the development of 

normal organic form) field, which might regulate cell growth and differentiation. (Don’t geneticists 

explain this better through DNA expression) 
xvi[16]

 He devised what he called the basic experiment 

("Grundversuch") 
xvii[17]

. It should be noted that normal window glass blocks UV rays and quartz glass 

plate is transparent for UV light of about 260 nm. Two onion roots were arranged at right angles to one 

another with the horizontal root (Inductor) pointed towards the vertical stem (Detector) with a space for 

either normal window glass or quartz glass plate (Experiment). The subject of observation was the cell 

division (number of mitoses) rate on the stem where the root tip was pointed. When window glass was 

placed in the space between the root and the stem no cell division changes were noted whereas when the 

quartz glass plate was placed in the space cell division (number of mitoses) increased significantly. Prof. 

Gurwitsch concluded that ultraweak UV (260 nm) photon emissions in the in the horizontal root 

(Inductor) were stimulating increased cell division in the vertical stem (Detector). The lack of cell growth 

when a normal window glass blocked UV stimulation and increased cell growth when quartz glass plate 

facilitated UV stimulation suggested to the professor that photons might regulate cell growth and 
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differentiation. Prof. Gurwitsch’s work, however, was criticized because of inaccurate photon counting 

methods and the fact that cell growth can be stimulated by other forms of Electromagnetic Radiation 

(radio waves, microwaves, infrared radiation, visible light, ultraviolet radiation, X-rays and gamma rays) 
xviii[18]

. In addition biochemists were explaining cell growth in terms of hormones and other biochemicals. 

The work of Alexander G. Gurwitsch was largely forgotten. It is unclear whether other scientists repeated 

his experiments. Current "debate surrounds such evidence and conclusions, and the difficulty of teasing 

out the effects of any supposed Biophotons amid the other numerous chemical interactions between cells 

makes it difficult to devise a testable hypothesis" 
xix[19]

 

 

After World War II in the 1940s Colli (Italy), Quickenden (Australia), Inaba (Japan) and Boveris (USA) 

began experimenting with a newly devised Photomultiplier which accurately counted single photon 

emissions. They all dropped Professor Gurwitsch’s term "mitogenetic radiation" preferring the terms 

"dark luminescence", "low level luminescence", "ultraweak bioluminescence", or "ultraweak 

chemiluminescence". The aforementioned researchers also proposed that these biological photon 

emissions were the result of “rare oxidation (removal of electrons and hydrogen ions or addition of 

oxygen) processes and radical (radicals (often referred to as free radicals) are atomic or molecular species 

(a particular kind of atomic nucleus, atom, molecule, or ion) with unpaired electrons on an otherwise open 

shell configuration) reactions”.
xx[20]

 According to Popp 
xxi[21]

 with the exception of Quickenden 

(Australia), Inaba (Japan) and Boveris (USA) the phenomenon of "low-level luminescence" “did not ever 

become a serious subject of fashionable science” and was largely disregarded and disrespected. 

Essentially the research by the aforementioned and other post World War researchers regarded these 

photon emissions as random missteps of cellular metabolism or as "imperfections in metabolic activity" 

(Russian Biophysicist Zhuravlev & American Chemist Seliger) while acknowledging their existence 

disregarded their importance. 

 

In the 1970s then assistant professor Fritz-Albert (Alexander-Alex) Popp (1938-Present) 
xxii[22]

, German 

Biophysicist (Earned PhD in Theoretical Physics-Mainz university) who could be considered the modern 

founder of a whole new branch of biophysics exploring Biophoton emissions, discovered a much wider 

spectrum of photon emissions than had previously been recorded (200 to 800 nm). Prof. Popp coined the 

term “Biophoton” and holds patents, which include the use of Biophotonics to examine the quality of 

food, of the environment and in medicine, among many others. Prof. Popp has proposed that this 

electromagnetic radiation (Biophotons) is both semi-periodic and coherent but has yet to win general 

approval from his colleagues. 

 

Also in the 1970’s biochemists considered the measurement of Biophotons as a way to study reactive 

oxygen species (superoxide for example) within a single cell more specifically within the mitochondria 

but because biophoton production is relatively rare within a single cell structure, overall Biophoton 

production ultra-weak, and the mechanisms of production complex most biochemists were put off. Britton 

Chance (1913 –Present) Eldridge Reeves Johnson University Professor Emeritus of Biophysics at the 

University of Pennsylvania did measure photon production in isolated mitochondria. But detailed 

subsequent studies failed to detect a signal in dog's brain. 

 

Hamamatsu Photonics K.K. (founded in 1953) is a Japanese manufacturer of optical sensors, electric light 

sources, and other optical devices and their applied instruments. In the 1980’s its Electron Tube Division 

first developed the Photomultiplier tube which was able to more easily and accurately measure 

Biophotons. The Japanese Government began a five-year, multibillion-yen research programme into 

Biophotons in 1986. Humio Inaba, an engineer at the Research Institute of Electrical Communication at 

Tohoku University headed the project. 

 

Weak Biophoton emissions have been discovered in everything from plant seeds to fruit flies. Humio 

Inaba has noticed in study after study that distressed and diseased cells emit significantly more photons 



than adjacent non-injured “healthy “cells. These experiments have been replicated demonstrating that cell 

injury increases Biophoton production. If you tear a tree leaf, for example, while measuring Biophoton 

emission, a spiked rise in emission in the tens of thousands (as opposed to a normal range of 1-1000) with 

what amounts to a light burst occurs. These experiments and others have been conducted by Ken 

Muldrew, a biophysicist at the University of Calgary in Alberta, Canada. In animal tissue the same 

phenomena of injured cells increased photon production has also been observed. At the Institute of 

Physics at the University of Catania in Italy, tumor cells were studied. It was discovered that “mammalian 

tumor cells ejected photons at rates as high as 1400 per square centimeter per minute-healthy tissues 

average rates of less than 40.” 
xxiii[23]

 Other teams of researchers have found biophoton emission from 

tumor cells is 4 times higher than surrounding healthy tissue.  

 

Imaging devices to detect disease, although still in development, are within the realm of scientific 

imagination as useful non-invasive imaging tools. Reiner Vogel, a biophysicist at the University of 

Freiburg in Germany, says "The emission may give a very sensitive indication of the conditions within a 

cell and on the functioning of the cellular defense mechanism," Philip Coleridge Smith, a surgeon at 

University College Medical School in London, agrees. “You could perhaps use biophotons to assess 

inflammation in tissues, he suggests, which might warn of leg ulcers, for example.” 

 

That injured cells emit more biophotons is well established but some researchers have suggested that 

biophotons may actually represent some form of communication between cells. In the 1990’s, Guenter 

Albrecht-Buehler, a biophysicist at Northwestern University Medical School in Chicago conducted 

experiments with near infrared (850 nm=.850 µm-Near infrared=(0.75–1.4 µm=micrometer)) directing 

light onto cell-sized latex beads, which were situated near mouse fibroblast cells (connective tissue cells). 

The latex beads would project this infrared light towards the mouse fibroblast cells. The mouse cells 

reached toward the light emitted from the cell sized beads with their Pseudopodia ((false feet) are 

temporary projections of eukaryotic cells). The mouse cells even began moving towards the light source 

(latex beads) with some rotating 180º swiveling and moving toward the infrared light. The power and 

wavelength of the light source produced virtually no heat to direct the cellular movement or behavior. The 

light alone seems the cause of the cellular behavior. If two light sources were presented at equal 

intensities the cell would respond to both as if to see two distinct light emissions. In yet another 

experiment Albrecht-Buehler studied elongated hamster cells 
xxiv[24]

. First he spread the cells onto one side 

of a glass pane and they grew parallel to one another. Then he spread the cells in two thin layers on 

opposite sides of a glass pane with a section in between which could accommodate a filter. Without a 

filter the hamster cells grew at 45º to one another. When an infrared filter (blocks infrared light emission 

from one side to the other) was added the cells on either side of the glass pane demonstrated random 

orientations. 

 

The aforementioned and other cumulative research prompts Albrecht-Buehler to speculate on the 

meaning. Perhaps this infrared light is emitted represents cell-to-cell communication to help determine 

orientation, either parallel if next to each other or criss-cross if on opposing sides. The criss cross pattern 

is adaptive because it provides extra strength. Is there some kind of eye within the cell that detects light? 

Albrecht-Buehler speculates that the centrioles within the cell are potentially light sensitive because he 

says their microtubule cylindrical structure creates slanted blades, which act like blinds, allowing light in 

but only from certain angles. This arrangement could act as a photoreceptor to determine which direction 

the photons emanate. The microtubules-hollow filaments could act as fiber optics to direct light from the 

periphery of the centrioles to the core. Are cells talking to each other? Albrecht-Buehler guesses that 

embryos might signal their position with photons and receives information for other cells to know how 

and where they fit into the developing body. If this signally system like a language could be learned could 

be redirect cancer cells to stop growing or enhance would healing, or send signals to perform unforeseen 

tasks. 

 



In the 1980’s, Popp, then lecturer at the University of Marburg Germany, concluded that cell-to-cell 

communication was evident in synchronous biophoton emissions between cells without a light barrier vs. 

asynchronous biophoton emissions between cells separated by an opaque barrier.   

 

Cyril Frank surgery professor at the University of Calgary’s medical school agrees with Popp speculating 

that biophotons could trigger events in the receiver cell such as: mitosis rate, protein expression but 

further research is needed before certainty can be claimed. 

 

Ken Muldrew, a biophysicist at the University of Calgary in Alberta, Canada, is not convinced that 

complex messages can be conveyed by biophotons arguing that increased oxidation reactions may be 

conveyed but that’s all. 

 

The practical uses of the detection of biophoton emissions would include as aforementioned early 

detection of diseases like cancer. Problem is how to ferret out random photon emissions coming from the 

occasional but possibly significantly frequent given the 1 million per second per cell reactions (15 trillion 

cells) and the increased biophoton emissions produced by disease. This might affect the ability to 

replicate the results of the aforementioned researchers.  Barbara Chwirot, head of the Laboratory of 

Molecular Biology of Cancer at Nicolas Copernicus University in Torun, Poland states that this is a of  

“reproducibility of results, even for relatively simple systems like cell cultures," Biophotons may also be 

affected by enzyme activity as well as a host of other factors as yet determined. Bottom line direct 

diagnosis of disease is not a done deal and may require further technical or medical innovation. 

 

Popp now heads both the International Institute of Biophysics in Neuss, Germany (Scientists interested in 

biophoton research) and runs Biophotonen. Biophotonen evaluates food products to assure for example 

that beer does not contain harmful microbes (Bitburger=German brewer). Chinese groups are perfecting 

food related biophoton evaluation for the presence of unwanted bacteria. 

 

Look for future innovation in the form of cutting edge detectors,; avalanche photodiodes ect. 

 

Classical physics can’t explain how brains think says Scott Hagan, a theoretical physicist at the British 

Columbia Institute of Technology in Burnaby. Pierre St. Hilaire Interval Research Corp., Palo Alto, USA 

Dick J. Bierman University of Amsterdam, The Netherlands StarLab, and Brussels, Belgium would all 

agree, “Consciousness implicates quantum coherent states in the brain” 
xxv[25]

. The question of how brain 

cells can function with massive communal simultaneous coordinated synchronicity may be answered 

according to Scott Hagan by thinking of biophotons as speed of light optic communicators. Quantum 

coherent states are states where the wave functions of individual atoms combine to form a coherent 

pattern 
xxvi[26]

. According to Sir Roger Penrose, OM, FRS (1931-Present) is an English mathematical 

physicist and Emeritus Rouse Ball Professor of Mathematics at the University of Oxford and Emeritus 

Fellow of Wadham College, Orch OR (“Orchestrated Objective Reduction”) 
xxvii[27]

, may provide a 

conceptual framework to better understand brain function. Prof. Ball thinks that these quantum coherent 

states are propagated by protein structures within the cells as part of its cytoskeleton but more to the point 

of this discussion they are found with the neural cell structure including the axons the essential wiring of 

the brain. These thin tubes may be likened to fiber optics and are thought to move energy about the cell, 

building junctions between neurons and perhaps aide in memory retention.  Hagan and Stuart Hameroff, 

associate director of the Center for Consciousness Studies at the University of Arizona, are proponents of 

this highly speculative theory that quantum coherence is mediated by these intercellular structures and 

may in fact give rise to consciousness 
xxviii[28]

. Experimental evidence of this according to Hagan is the 

effect that anesthetics have in binding to the microtubules  "Because anesthetics make consciousness 

evaporate, their site of action is important in determining the mechanisms responsible for consciousness." 

Biophotons may use these microtubules as conduits for consciousness. This is just a theory with scant 

evidentiary proof. 



 

Kenneth J. Dillon, B.A. in history from Georgetown University and a PhD in history from Cornell 

University makes the fantastic claim that red blood cells have some kind of biophotonic signaling 
xxix[29]

. 

Dillon claims that the circulatory system is involved in the reception, transmission, and processing of 

electromagnetic data and acts as a “Animal Magnetoreceptor” which can sense magnetic fields. It is hard 

to say how carefully these claims can be supported by the data. 

 

Biophotons 

Biophotons (Greek Bio=Life, Photon=Light) 
xxx[30]

 are photons emitted from living organisms including 

plants and animals. Biophotons are not the same as Bioluminescence that are produced by many marine 

(80% of marine creatures emit light) 
xxxi[31]

(Anglerfish & Flashlight fish) and non-marine creatures (Glow 

Worms & Fire flies) and is a result of a chemical reaction within the organism, which produces photons, 

which are visible to the naked eye. The process of bioluminescence is well understood by the biological 

sciences. Bioluminescence is due to a "chemical reaction between ATP-the cell's energy store-oxygen and 

a molecule called luciferin. Luciferin converts the chemical energy locked up in ATP into photons of 

light." 
xxxii[32]

 Biophoton emissions are very low intensity photon emissions from living organisms, which 

are poorly understood, ill defined by the experts in the field, and its “study is controversial and is not 

generally accepted as a legitimate area of study by mainstream scientists” 
xxxiii[33]

. Does this mean that 

research on Biophotons is accepted in mainstream journals? This is a specialized area of biophysics 

known as Biophotonics (Popp), which involves the study of the relationship between biological materials 

and the emission of photons. It “refers to emission, detection, absorption, reflection, modification, and 

creation of radiation from living organisms and organic material.” 
xxxiv[34]

  

 

Ultra Weak Photon Emissions 
The wavelength of the ultra weak photon emission (several million times weaker than Bioluminescence) 

is measured in nanometres, which are very small, a thousand millionth of a metre. A nanometre is notated 

as follows; 10
−9

 nanometre nm=0.000 000 001. Typical human eye will respond to wavelengths from 400 

to 700 nm, although some people may be able to perceive wavelengths from 380 to 780 nm. Some of the 

research 
xxxv[35]

 on ultra weak photon emissions is reporting UPE from 420 to 570 nm (Popp reports 260 to 

800 nm) 
xxxvi[36]

 with a range from 1 to 1,000 photons (x s-1 x cm-2)(I think this means photons per 

second per square centimeter of surface area) 
xxxvii[37]

. This range would correspond to the visible light 

color ranges of indigo (Violet), blue, cyan, green and yellow (colors) (colors2)(colors3) The wavelength 

is longer than greatest particle size that can fit through a surgical mask but smaller than width of strand of 

spider web. Due to the low concentration of photons it is not believed that these photons emissions can be 

seen by the naked eye ("much weaker than in the openly visible" 
xxxviii[38]

) as in bioluminescence 

 

Photomultiplier 

The detection of Biophotons is facilitated by Photomultipliers (Photomultiplier tubes-PMTs) (Biophoton 

Tube Schematics)(Biophoton Tube) which greatly amplify photons emitted in the ultraviolet, visible and 

near infrared ranges. Photomultipliers are widely used in many fields (nuclear and particle physics, 

astronomy, medical imaging and motion picture film scanning (telecine) 
xxxix[39]

. I could find no references 

of the use of photomultipliers however in the area of medical imaging 
xl[40]

. This is probably because this 

particular field of study is suspect. The photomultiplier makes use of the photoelectric effect 
xli[41]

 where 

photons hit a metallic surface and electrons are emitted. The photomultiplier contains various electron 

capture devices (glass vacuum tube which houses a photocathode, several dynodes, and an anode), which 

result in the accumulation of charge and in a sharp current pulse indicating the arrival of a photon at the 

photocathode. This device then can count the number of individual photons produced from a variety of 

sources but for our purposes from biological organisms.  
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Popp describes the photomultiplier that he uses as an EMI 9558 QA. Popp summarizes the specifications 
xlii[42]

 from a more detailed dissertation paper 
xliii[43]

 as follows; This photomultiplier uses a uses a "single 

photon counting system" with a sensitivity of 10
17

 W. 10 is the signal-to-noise ratio and the cathode has a 

range sensitivity of between 200 to 800 nm. To reduce the noise to a minimum a copper wool-cooling 

jacket "provides thermal contact". “A grounding metal cylinder” accomplishes electric and magnetic field 

protection. The multiplier tube and cooling jacket are housed in a vacuum and therefore the quartz glass 

anterior to the tube in not in thermal contact with the cooled cathode thus preventing moisture 

accumulation on its surface (resulting in freezing). With this arrangement the optimal cooling temperature 

-30º C (Centigrade)(-22º F Fahrenheit). A chopper (photomultiplier) enhances current density to 2 

photons/(s cm2) with a significance level of 99.9% within 6 hours. 

 

Theoretical Model-Biophoton Production-Mainstream Biophysicists 

 

Although no experimental proof for any definitive theory has been accepted even among the field of 

experts, Biophotons are thought, by many biophysicists, to be random photon emissions as a result of 

cellular metabolism. Given the 15 trillion cells in the average human body (100 million in the brain 

alone), with the average cell diameter of 10 micrometers, and the average photon emission of 1-1000 

photons per second per square centimeter of surface area, this amounts to a single photon per cell per 

month. Since cellular metabolism 
xliv[44]

 is a stepwise chain of small energy exchanges, occasionally 

mistakes are made (random irregular steps (‘outlying states”)), which result in a physiochemical energy 

imbalances and the rare emission of a photon. In other words it is the occasional sour note in the 

symphony and not some orchestrated background chorus.  

 

According to this hypothesis there is no need to attribute order where none exists, as does the mitogenetic 

radiation hypothesis (see above). These physiochemical energy imbalances occur as part of the electron 

transport chain within the mitochondria (Organelle) 
xlv[45]

, which is in every cell of the body. The electron 

transport chain creates stepwise chemical reactions with the ultimate aim of creating useable energy for 

cell metabolism. The mitochondria are known as the "cellular power plants" because they convert organic 

materials into energy in the form of ATP via the process of oxidative phosphorylation 
xlvi[46]

. There are 

hundreds of thousands of mitochondria in every cell (can occupy 25% of the cells 

cytoplasm)(mitochondria have their own DNA and may have once been independent bacteria many 

millions of years ago). There are 10
5
=100,000 or one hundred thousand chemical reactions per cell/per 

sec and as aforementioned 15 trillion cells in the average human body (100 million in the human brain). 

We are buzzing with activity. One purpose of the mitochondria is to create energy for the cell to produce 

protein ect. Free Radicals (Reactive oxygen species or ROS (superoxide, hydrogen peroxide, and 

hydroxyl radical)) are produced inside the mitochondria and are associated with cell damage. Free 

radicals may be created as a part of the production of ATP from ADP and may also be responsible for the 

emission of Biophotons. The mitochondria produce energy by converting ADP (Adenosine diphosphate) 
xlvii[47]

 to ATP (Adenosine triphosphate) 
xlviii[48]

 in a stepwise process along a protein matrix and the inner 

mitochondrial membranes. The third step (electron transport chain) in this process involves reattaching 

the phosphate group to ADP (Adenosine diphosphate) to form ATP (Adenosine triphosphate). Once this 

is accomplished the cell can convert ATP back into ADP and an inorganic phosphate producing the 

following amount of energy; (12 kcal / mole in vivo (inside of a living cell) and -7.3 kcal / mole in vitro 

(in laboratory conditions)). This third step as aforementioned is called the electron transport chain in 

which electrons are stepped down in energy by passing through a series of proteins. This way the lowered 

energy of the electron can be safely utilized by the mitochondria. The third protein in the electron 

transport chain is actually a lipid 
xlix[49]

 called Coenzyme Q 
l[50]

. Unfortunately 1-4% of the electrons that 

pass through Coenzyme Q leaks onto an oxygen molecule in its outer shell (Open Shell configuration). 

This oxygen molecule is called superoxide (O2) but it is unstable because it needs an additional electron 

on its outer shell. Remember Coenzyme Q leaked an electron onto its outer shell. Superoxide is prone to 

steal an electron from the nearest source as follows; 1.) Mitochondrial DNA 2.) Mitochondrial Membrane 
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(called lipid peroxidation) 3.) Protein 4.) Reductants (Vitamin C, E, Non-Enzymatic antioxidants 

(glutathione or thioredoxin). Borrowing electrons from Reductants and Non-Enzymatic antioxidants does 

no harm to the cell. This is why you would want to eat your vegetables and fruits because they contain 

antioxidants, which lend electrons to the superoxide molecule which won’t then borrow from structures 

such as mitochondrial DNA ect. Otherwise cell damage can result in apoptosis, or programmed cell death. 

Not good for you.  

 

According to radical chemistry programmed cell death occurs as follows; “Bcl-2 proteins are layered on 

the surface of the mitochondria, detect damage, and activate a class of proteins called Bax, which punch 

holes in the mitochondrial membrane, causing cytochrome C to leak out. This cytochrome C binds to 

Apaf-1, or apoptotic protease activating factor-1, which is free-floating in the cell’s cytoplasm. Using 

energy from the ATPs in the mitochondrion, the Apaf-1 and cytochrome C bind together to form 

apoptosomes. The apoptosomes binds to and activates caspase-9, another free-floating protein. The 

caspase-9 then cleaves the proteins of the mitochondrial membrane, causing it to break down and start a 

chain reaction of protein denaturation and eventually phagocytosis of the cell.” 
li[51]

 

 

The Free Radical Theory of Aging 
lii[52]

 advocates the use of antioxidants because they donate an electron 

to superoxide without becoming unstable themselves. Aging occurs as mitochondria (cellular power 

plant) become less functional or die out. As the cell can no longer function and fail, aging accelerates. 

Free radicals like superoxide are an inevitable by product of cellular metabolism but their damaging 

effects are mitigated through the intake of antioxidants. 

 

When Superoxide borrows an electron from another source the theory is that a photon is produced. This 

may be the explanation for ultraweak photon emissions. Since this electron leakage only occurs in a small 

percentage of electron transfers through Coenzyme Q the relatively low rate of photon emissions may be 

consistent with this finding. 

 

 

Theoretical Model-Popp & Others-The Proponents 

 

Biophotons are involved in various cell functions, which include as aforementioned by Gurwitsch cell 

mitosis and according to Russian, German, and other Biophotonics experts may be produced and detected 

by the DNA in the cell’s nucleus. Gurwitsch’s basic experiment ("Grundversuch") was the first example 

of a proof that cell mitosis could be increased by UV (260 nm) alone after carefully separating the 

inductor and detector plants with both a space of air and alternately UV transparent and opaque glass. As 

whacky a proposition as this is, the mostly vague dismissals by the mainstream biophysics community 

will not dilute the implications. If replicated under strict controls inevitable conclusions will demand 

explanation over extended time. The usual Cell signaling mechanisms such as Notch signaling require 

physical contact between the cells and or in the case of other cell to cell communication a fluid medium 

such as blood (endocrine cells (Hormones)). Other cell-to-cell communication is conducted thru 

interstitial fluid. Gurwitsch’s simple experiment appears to thwart the usual mechanisms of cell signaling. 

The conclusion is that Biophotons in the form of UV (260nm) emanating possibly from the DNA of the 

inductor plant is signaling the DNA in the cell nucleus of the detector plant to increase cell mitosis. 

Biophotons may then represent a more primitive and yet subtly more complex cell-to-cell communication, 

which by passes the usual fluid medium of information transmission and instead relies upon speed of light 

transmission thru the air. (Does electromagnetic radiation within the visible range transmit well through 

tissue? How and in what direction cell to cell photon communication occurs between DNA strands may 

be unknown.  

 

Gurwitsch was himself an embryologist who was puzzling about how organs develop, and modern 

Biophotonics experts suggest that Biophotons may offer some signaling mechanism in the development 



of organs or other structures. Would electromagnetic carrier waves such as radio, or light (fiber optics) 

inform us about the transmission of information from cellular or mitochondrial DNA? Certainly before 

the neurological or cardiovascular hardware was evolved electromagnetic communication may have 

sufficed. Definitive proof is to date lacking. (?) 

 

Given the 10
5
=100,000 or one hundred thousand chemical reactions per cell/per sec, as aforementioned, 

Popp states "Without electronic excitation of at least one of the reaction partners, it would be impossible, 

and the number of thermal photons in the tiny reaction volume of a cell could never suffice to explain this 

high reaction rate. At least a 10
14

 (100,000,000,000,000=100 trillion) higher photon density in the optical 

range is necessary to provide this huge amount of chemical reactivity." 
liii[53]

 Given that not enough 

photons are produced in the cell there must be some other explanation for the high chemical reaction rate 

within each and every cell. Erwin Rudolf Josef Alexander Schrödinger (1887–1961) may have led the 

way with a simple observation and question. During cell division biomolecules must migrate to either 

side of the cell as the two new cells form from one cell and yet there are relatively few mistakes 

(“aberrations”) in this very complicated process. Schrödinger simply asked his famous question why? A 

quick look at a cell in mitosis on the left and an example of a cavity resonator wave on the right is 

suggestive of an answer. Cell Mitosis vs. Cavity Resonator Waves A cavity resonator wave in this case is 

electromagnetic wave of a particular frequency (300-700nm) bouncing back and forth between the walls 

of the cell, which somehow reflect these waves with little loss of coherence. If more wave energy enters 

the cavity its intensity is increased. This could explain the effects of Gurwitsch’s basic experiment that by 

increasing to electromagnetic flow from the inductor plant cell mitosis was increased in the detector plant. 

Popp believes that cavity resonator waves are "the only plausible answer to this question" of how there 

are relatively few mistakes during cell mitosis and with the biochemical migration, which Popp thinks 

"also provide the necessary stability of the molecular arrangements as the guiding forces for their 

movement." 
liv[54]

 If the cell is viewed as a dielectric and or conducting resonant cavity, Popp, 

demonstrates in Table 1 transverse magnetic and electric modes and their wavelengths given the 

dimensions and boundary of a cell. By superimposing the cavity resonator wave patterns onto the 

"dynamical structures of the mitotic figures during cell division, Popp reasons is "the most likely answer 

to Schrödinger 's question of why the error rate vanishes". Popp acknowledges that there is no workable 

way to measure these quasi-standing light waves directly within the intracellular space although a 

photomultiplier placed near living tissue can measure single photons within the visible range, which are 

correlated (spatial and temporal) to cell mitosis. The more cell growth the greater the photon emissions. 

Around 1970 Popp organized an interdisciplinary group (University of Marburg physicists, physicians, 

and biologists) to study the optical properties of such biomolecules as polycyclic hydrocarbons (derived 

chiefly from petroleum and coal tar?). Carcinogenic activity and other biological efficacy were studied 

drawing out some questions of causality. Do the biomolecules themselves produce photon ("light") 

emission or does some type of "photon field" "the regulator for the excitation of biological matter." 

Which causes which, chicken and egg conundrum. Popp puzzled over this question proposing to 

characterize nonclassical light as a form of information transfer in biological systems. What are the 

experimental results that support this bold claim that biophotons can actually have a regulating function in 

biochemical reactions? What is the physical basis for this and what are the theoretical implications? 

 

What are the properties of biophotons, which are well described by multiple independent groups and 

replicated numerous times 
lv[55]

 
lvi[56]

 
lvii[57]

? 

1. The phenomenon of photon emission from biological systems is quantum physical (coming from 

the subatomic field within the organism?). Since fewer 100 photons are present (on the surface) 

within the investigation field the total intensity i from a few up to some hundred photons/(s cm
2
) 

confirms the quantum physical nature of photon emission. 

2. What about the nature of the biophoton emissions? The spectral intensity i(v) does not peak 

around definite frequencies v. The characteristic of the spectral distribution is flat and thus is a 

non-equilibrium system whose excitation temperature (v) linearly increases, as does frequency 
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v. The responsible excited states of the occupation probability f(v) does not follow the Boltzmann 

distribution f(v)=exp(-hv/kT) but the rule f(v)=constant (Fig. 4) 

3. "The probability p(n, t) of registering n biophotons (n=0,1,2...) in a preset time interval t 

follows under ergodic conditions surprisingly accurately a Poissonian distribution (exp(-<n>) 

<n>
n
/n! <n>=mean value of n over t time intervals  t down to 10

-5
 s. For lower time intervals 

t there are no results known up to now" 
lviii[58]

 (Fig 5)  

4. "Delayed luminescence" (DL) (Long term and ultra weak reemission of photons after exposure to 

monochromatic or white light illumination) diminishes with a hyperbolic-like (l/t) function. Time 

after excitation=t There is no exponential function evident in the diminution of photon emission. 

(Fig 6) 

5. The optical extinction coefficient (fraction of light lost to scattering and absorption per unit 

distance in a participating medium ) of Biophotons that penetrate thin layers of sea sand and Soya 

cells (various thickness) was one order of magnitude lower than artificial light tested in the same 

manner. The light sources (biophotons/artificial) were matched for intensity and spectral 

distribution and thus cannot be cited to explain the difference. Biophotons loose less light when 

penetrating these mediums. 

6. Physiological functions such as membrane permeability and (Glycolysis) are known to be 

affected by temperature and biophoton emission displays similar temperature dependence. When 

temperature fluctuations occur both overshoot and undershoot reactions occur. That is 

temperature increases cause overshoot and temperature decreases cause undershoot biophoton 

emission reactions. These biophoton emission fluctuation can be characterized as "temperature 

hysteresis loops" (Fig 7) as described by a Curie-Weiss law. 

7. As stress levels increase so do biophoton emissions. 

8. Ethidium bromide (EB) increases the unwinding (Conformation) of DNA. Biophoton emissions 

are strongly correlated to the unwinding of DNA so that when EB is intercalated into the DNA an 

increase in biophoton emission is noted. (Figure 8) This and other results suggests to Popp "that 

Chromatin (chromatino?) is one of the most essential sources of biophoton emission. 
lix[59]

 
lx[60]

 

9. Popp maintains, "Biophotons originate from a coherent field". Evidence for this is demonstrated 

in photocount statistics, which produce a Poissonian distribution. These "photocount statistics 

p(n, t) under ergodic conditions together with hyperbolic relaxation function of delayed 

luminescence is a sufficient condition of a fully coherent photon field." 
lxi[61]

 

 

There are biological phenomena, which can't be understood by molecular biology or conventional 

biological thinking, which are better explained if we assume biophotons originate from a coherent field. 

These biological phenomena are better understood and predicted by biophoton theory. The end result is a 

deepening of our collective biological understanding. 

 

1. Since the sum of the energy has to remain constant in a closed system (Energy conservation law) 

constructive interference (super-radiance) destructive interference (sub-radiance) (Interference 

Constructive and destructive interference) serves the function of equity manager. (interference 

example) (Fig. 9) (interference example 2) Patterns of radiation according to Dicke 
lxii[62]

 are 

affected by time periods of interaction "between radiation and non-randomly oriented matter of 

suitable size." Constructive interference dominates in the initial interaction time period and 

destructive interference dominates after longer time periods. Popp concludes that the probability 

of destructive interference in intercellular space between living cells is high for biophoton 

emissions. 

2. Since biophoton fields between cells or living cellular organism cause interference patterns, 

biophoton intensity (biophoton emissions counts?) is reduced. The emission from single cells 

cannot be added up to find the total emission intensity because biophotons are being canceled out 

by these interference patterns. Popp states "biophoton intensity of living matter cannot increase 
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linearly with the number of units, but has to follow the effective amplitudes of the interference 

patterns of the biophoton field between living systems." 
lxiii[63]

 

3. The measurements of biophoton emission of the planktonic, crustacean Daphnia magna 
lxiv[64]

 
lxv[65]

 illustrate the concepts explained in # 2 above. (Daphnia Magna Illus) The biophoton 

emissions of these animals was measured under controlled conditions; Darkness, housed within 

the quartz curvette of the biophoton measuring equipment, Constant temperature 18º C (64.4º F). 

The numbers n (Independent Variable) of daphnia was altered (1-250) maintaining equal size for 

these inbred animals. The biophoton emissions (Dependent Variable) were then measured after 

each increase in the count. Each of these creatures emits about the same intensity of biophoton 

emission, which means an increase in the number of animals should result in a linear increase in 

biophoton emissions. Correcting for the self-absorption of biophoton emission of the individual 

animal the biophoton emissions should look like the linear graph in fig. 10 A (Fig. 10). Instead 

what was observed was the graph plot in Fig. 10 B. Popp concludes "there is a tendency for 

destructive interference resulting in a lower intensity than expected from the linear increase." 
lxvi[66]

 In nature daphnia is found in concentrations of about 110 (Popp doesn't say per square 

what?) animals. In this experiment at the same concentration (110) is also creates the most 

efficient destruction zones around the organism (?) which conserve stored light most effectively 

within the animals. The destruction zone traps light within the animal according to the energy 

conservation law but as aforementioned most efficiently at the natural concentration of 110 

creatures.  

4. Popp states "to some extent one is justified in saying that living systems "suck" the light away in 

order to establish the most sensitive platform of communication." 
lxvii[67]

 
lxviii[68]

 Individual animals 

can be distinguished by similar wave patterns (?1), which are distinct among species. Mutual 

interference patterns among groups of animals are also distinct among species, which provides 

"necessary information about the equality or difference of species." This mutual interference is a 

form of biological communication. Each of the individual animals becomes aware of the other 

thru biophoton communication (?2). The Signal-to-noise ratio (Signal Noise) or mutual 

interference patterns (?3) are optimized at a certain number of animals, which is also unique 

between species (?4). This optimization results as aforementioned allows maximum light storage. 

(?5) This optimization is achieved as noted by wave patterns, which interfere under maximum 

destruction between the communication systems. Popp notes "every perturbation leads then to an 

increase (signal) that the connected systems have to become aware of." "This rather ingenious 

means of biocommunication provides the basis for orientation, swarming, formation, growth, 

differentiation, and "gestaltbildung" (?6) in every biological system.” 
lxix[69]

 
lxx[70]

 

5. Damaged and or destroyed tissue (first stage) (?1) 
lxxi[71]

 affects the intensity of biophoton 

emission. The "capacity for coherent superposition of modes of the biophoton field (where longer 

wavelengths may also be included) breaks down." As a result there is an increase in biophoton 

emission and or delayed luminescence reflecting the breakdown of interference patterns between 

the individual cells, which prevented the outward radiation of photon emission. (?2) 
lxxii[72]

 

Schamhart and Van Wijk 
lxxiii[73]

 (Fig. 11) 
lxxiv[74]

 (?3) and Scholz et al. 
lxxv[75]

 (Fig. 12) 
lxxvi[76]

 (?4) 

were among the first to confirm this. Individual tumor cells, for example, loss of coherence 

results in concomitant loss of destructive interference capacity and delayed luminescence 

(converts from hyperbolic-like relaxation of normal cells to exponential one of tumor cells). 

6. Dinoflagellates exhibit asynchronous bioluminescence flickering when optically separated but the 

opposite synchronous flickering when in optical contact. (Fig.13) 
lxxvii[77]

 When seen by other 

Dinoflagellates their bioluminescent flickering also decreases. 
lxxviii[78]

 Bioluminescent is 

"chemically amplified biophoton emission" according to Popp. The phenomena of destructive 

interference are, according to Popp, responsible for flickering decreases and synchronous light 

pulses. "As the animals see each other and displaying synchronous pulses as a consequence of the 

disruption of the destructive interference patterns." 

7. Bacteria also exhibit the same kind of communication within their nutrition media. 
lxxix[79]
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8. Fig. 14 illustrates the phenomena of bacteria (Enterococcus Faecalis) grown in a nutrition media. 

The nutrition media emits biophotons as a result of the oxygenation processes. Therefore the 

nutrition medium produces a higher intensity of photon emissions than the growing bacteria, 

which emit low biophoton intensity. Thus the biophoton emissions of the bacteria are not 

registered. As the bacteria grow in numbers their photon emission creates destructive interference 

within the coherence volume of the light-emitting nutrient molecules. This results in a drop in 

emitted biophotons at a specific bacteria number. As the number of bacteria increase (Fig. 14) 

biophotons may again increase, as photons are no longer absorbed thru destructive interference. 

9. Growth regulation of biophoton emission follows the reciprocal laws where in addition to linear 

stimulation n n (Proportionality (mathematics)) nonlinear inhibition n n
2 
occurs in concert. That is 

to say there is a correlation between growth rate and biophoton emission and that relationship is 

proportional as aforementioned confirmed in Fig. 15. 

10. The presumptions of Bajpai 
lxxx[80]

, Gu and Li 
lxxxi[81]

 that organisms emit squeezed light 
lxxxii[82]

 as 

opposed to classical coherent light. These presumptions underlie a theoretical basis for biophoton 

emission.  

 

What theoretical perspectives can be derived from the experimental observations outlined above and 

subsequently summarized? Certainly classical electrodynamics and thermodynamics as well as quantum 

theory provide a basis for biophoton theory. Biophoton theory as aforementioned will need to explain the 

following summarized experimental results namely: spectral intensity 
lxxxiii[83]

 
lxxxiv[84]

, Photocount statistics 
lxxxv[85]

, hyperbolic oscillations 
lxxxvi[86]

 
lxxxvii[87]

, coupling of the different modes 
lxxxviii[88]

, squeezing into 

both branches of minimum uncertainty wave packets 
lxxxix[89]

, strong correlation to DNA dynamical states 
xc[90]

. Biological phenomena will also need explanation; mitotic figures (?) 
xci[91]

, interference structure 

from daphnia 
xcii[92]

, tumor tissue photon emission vs. normal tissue 
xciii[93]

, and the correlation to growth 

and differentiation of cells 
xciv[94]

. 

1. (?1) Popp proposes an equation to estimate the mean value of photons within a homogeneous 

electromagnetic field. The Mean value is of the N=number of photons of hv=Energy of a 

homogeneous electromagnetic field (?) with E0=Amplitude. This mean value can be estimated by 

equating the energies nhv of the photons and 0/(8 ) | E0|
2
 V of the field where 0=Dielectric 

constant and V=Volume of field. A photon in the optical range of 3 eV equals a field amplitude 

of 10
6
 V/cm over a cell volume of 10

9
cm

3
. The aforementioned draws the following conclusion; 

"Electric Field Amplitudes (of the cavity modes) which stabilize the mitotic figures are in the 

range of 10
6
 V/cm (corresponding to about the membrane field components). It would take only 

one photon in the optical range would suffice for this effect." 
xcv[95]

 The ultraweak photon 

emissions can then be explained to reflect the requirement of only one photon to provide for the 

biological functions within the cells which include; "stabilization of the migration of the 

biomolecules, transportation of the angular momentum for rotating the DNA during replication or 

transcription, and provision of the chemical reactivity of about 10
5
 reactions per cell and per 

second, always at the right time and at the right place." 
xcvi[96]

 

2.  Popp states, "living systems may be looked upon as the most stable forms of matter through use 

of the storage of sunrays" with the resonators model as a powerful tool in understanding 

biophoton emission. 
xcvii[97]

 Since the sun is very hot and the earth is comparatively very cold the 

light from the sun either reflects from the earth or through a process of entropy transforms heat to 

cold. To sustain life organisms must prolong this process by optimizing their "storage capacity for 

sunlight." 
xcviii[98]

 In plants for example photosynthesis provides for its elementary food supply by 

synthesizing glucose from sunlight, carbon dioxide, and water. Animals get their glucose from 

plants, protein from other animals and as Popp proposes uses sunlight to guide the molecular 

biology of the cell and literally spark biomolecular processes to convert ADP  ATP to provide 

the energy for cellular metabolism. 

3. A resonator value within any cavity (including the cell) can be determined and Popp states that 

there is a "clear connection between the resonator value of a cavity and its information content." 
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This establishes some key understandings of biological systems namely; These biological systems 

are informational rather than energetic "engines", and the resonators may develop nonlinear 

capacities "just because of their low photon emission." 
xcix[99]

 The equation, (Q*=Q/1-C), 

represents the deviation from the classical Q-value (Q factor (Q-Value)) of the typical resonator. 

The variables are defined as follows; Q*=resonator value of the quantum coherent resonator 

Q=value of the classical "chaotic" resonator C=ratio of a quantum coherent energy distribution of 

the resonator to the totally available (chaotic + coherent) energy. 

4. The high storage time and ability to emit or to remove photons actively for C>1 is reflected in 

this equation; Eq. # 1=(Q*/Q  for C  1). Bose-Einstein condensate (Bose-condensation) 

(Bose-condensation-like phenomena) as postulated by Herbert Fröhlich can also be explained by 

taking the Bose–Einstein statistics (Bose-Einstein Distribution) "of the spectral photon density 

(number of photons per units of volume and wavelength ) at temperature Eq. # 2=TN( )=8

/ 4 1/(exp(( - )/(kT))-1) where =hc/  is the photon energy and  the chemical 

potential, and k is the Boltzmann constant.” 
c[100]

 

5. The chemical potential is defined as =T( (?)S/ n)e,v where dS is the entropy change 

through absorption of a photon. Entropy in the system is increased along with the value of >0 

when a biophoton is absorbed by the multiplier outside the system (dn<0) as depicted in Fig. 2. 

When there is no entropy loss due to thermal noise then = . Also possible is Eq. # 3= = -

kTlnW where W corresponds to the thermo dynamical probability of the photons under 

investigation. Insertion into Eq. (2) results in Eq. # 4=N( )=8 /
4
  1/(W-1). This 

demonstrates the Bose-Einstein condensate (Bose-condensation) (Bose condensation effect) of 

the Fröhlich mode (?) according to W  1 as well as the connection to the corresponding value C 

in Eq. (1). C=1 determines that all of the energy of this system conforms to a coherent field 

except the classic currents. In the case of classical currents resonance-like absorption of photons 

in the mode W  1 occurs. "Squeezed" light would describe removal of photons by W>1 or the 

extension of W, where the thermo dynamical potency of the photon field corresponds to the 

vanishing chemical potential according to Eq. # 3. Eq. # 5=Ln W= /(kT); This results in a 

spectral intensity of thermal radiation. Can we determine the nature of biophoton emission by 

analyzing its average spectral intensity? W turns out to be rather constant and indepencent of the 

wavelength (see Fig. 16=There was no figure 16 in the research article I had) 

 

A significant increase in photon emission is evident around sites of tissue injury, as do injured organisms 

prompting some Biophotonics experts to suggest this could be a “distress signal” possibly to promote 

wound healing. The mainstream critics are quick to remind that cellular damage increases oxidative 

stress, electron leakage, and increased concentration of superoxide with the greater potential for electron 

swapping and thus increased photon production. However proponents argue a correlation between greater 

wound healing and increased photon production, which reverses with lower levels of photon emission. 

Could Biophoton emissions for example signal malignancy in tissue before more conventional imaging? 

Do photons transmit thought just as the nervous system? Even the experts answer these questions 

differently but the answers cover the spectrum.  

 

Perhaps, say proponents, Biophoton emissions are primitive neural systems used by single celled 

organisms as they developed into more complex creatures. Biophotonic signaling may also be used in 

modern complex organisms, such as us, in the reception, transmission, and processing of electromagnetic 

data perhaps with some of the same transmission features of fiber optics or radio waves. 

 

 

The Skeptics 
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The skeptics argue that mainstream biological sciences and biophysics regard Biophotonics as 

pseudoscience 
ci[101]

, which has been, relegated to the fringe; References in respectable journals are 

virtually unknown. (Is this true?) According to doubters Signal noise or artifacts from the measuring 

equipment (photomultipliers) as aforementioned are responsible for photon production and represent 

random noise and no coherent cell-to-cell communication. This phenomena of Biophotons although as all 

agree is a natural phenomena has no meaning beyond that. Just as the bumps in a persons cranium does 

not reveal traits of personally (Phrenology) or the conjunction of the planets predict wars (Astrology). We 

as humans are pattern-seeking creatures, which may relate to the evolutionary need to avoid being eaten 

(establish and predict the movements of friend or foe both with movements and coloration for example). 

This natural pattern seeking affects even scientists who observe patterns in nature which in fact does not 

exist, or marketers for example who create colorful logos and marketing campaigns to get us to buy 

product.  

 

Cell to cell communication is further compromised by the relatively more intense sunlight or even 

starlight, which would interfere with any photon signaling. Conversely proponents argue that this "kind of 

signaling involving entangled quanta of light (e.g. Biophotons) can't be swamped out by classical light, 

the same way a laser beam can still send information in bright daylight, coherence affords "special 

privileges." AW 

 

New age, complementary and alternative medicine, and quantum mysticism profit mongers are selling 

Biophotons in health cures for serious illness such as cancer causing people to postpone more effective 

but conventional treatments. In short this is metaphysics and not science. The field of Biophotons is rife 

with new age devises and Web sites which promote the Biophotonics proof that healing energy exists and 

can restore health. 

 

Web Sites 

 

http://www.google.com/search?hl=en&q=biophoton+healing 

 

Quantum Mysticism Fugue-Implications of we are light (substitute light for energy where appropriate) 

 

Taoist cosmology (secrete teachings)(I am using broad strokes-its been many years and some factual 

errors may exist) believes that over many lifetimes we give birth to our energy body, which is housed, in 

our abdomen in what is known as the crystal palace. It is between the navel and 3rd lumbar vertebrae. 

This energy body can be used by our spiritual consciousness (housed between the pineal and third eye 

point between the eyebrows) to break free from the cycles of birth and death. When we die for example 

our consciousness, whose signature is embedded in light, continues without a physical body but without 

an energy body is unstable and longs to return to physicality. Our task in the physical realm is to give 

birth and mature an energy body, which can sustain spiritual consciousness, the energy body can only 

grow and mature in the physical realm (Taoist masters may disagree on this point) , that is when we have 

a physical body. In order to do this the energy body must be nurtured in a neutral energy environment. 

Strong emotions for example must be transmuted into this neutral energy. This includes too much anger 

or kindness, fear or gentleness, joy and spitefulness ect. This is why Taoism is about a balanced path. 

Each organ houses the excesses of these emotions. All of this is carried by our consciousness after 

physical death imprinted and stored in a light signature. This is likened to the slow process of creating a 

pearl only at the center of the pearl is the energy body and the outer layers are made of light energy. Both 

the energy body and consciousness are poised between two large energy balls above and below our heads 

(The Indian system I believe calls these atman and Brahman.) Disease can be as an imbalance of energy 

streaming between these balls and stored overly positive or negative emotions in the organs and channel 

system. The energy channels are composed of light waves, which transmit this energy. Once an energy 

body is stabilized we become enlightened beings similar to Abraham Maslow’s (1908–1970) actualized 

http://www.laweekly.com/general/quark-soup/quantum-mysticism/9195/
http://www.google.com/search?hl=en&q=biophoton+healing


being. This is also reminiscent of Mesmer’s theory of Animal Magnetism. Perhaps our spirit is a light 

wave signature embedded in Eugenio Calabi’s (1923-present) and Shing-Tung Yau’s (1949-present) 

Calabi-Yau manifold. 

 

 

9219/300= 30.73 

 

 

 

Notes 
10

−9
 nanometre nm 

420-470 nm 470-570 nm 

range from 1 to 1,000 photons x s-1 x cm-2 

420-440 nm — wavelength of indigo light  

440-500 nm — wavelength of blue light  

500-520 nm — wavelength of cyan light  

520-565 nm — wavelength of green light  

565-590 nm — wavelength of yellow light 

 

γ = Gamma rays 

HX = Hard X-rays 

SX = Soft X-Rays 

EUV or XUV= Extreme ultraviolet (1–31 nm) 

FUV or VUV=far or vacuum UV (200–10 nm) 

NUV =  (380–200 nm) Near ultraviolet 

Visible light 

NIR = Near infrared (0.75–1.4 µm) 

MIR = Moderate infrared 

FIR = Far infrared 

 

Radio waves: 

EHF = Extremely high frequency (Microwaves) 

SHF = Super high frequency (Microwaves) 

UHF = Ultrahigh frequency 

VHF = Very high frequency 

HF = High frequency 

MF = Medium frequency 

LF = Low frequency 

VLF = Very low frequency 

VF = Voice frequency 

ELF = Extremely low frequency 

 

Need Definitions 
Photon counting techniques, refractive index matching, bioluminescence, biophotons, high quantum 

efficiencies, C2550 photon counter (Hamamatsu Photonics K.K.), R647 (1/2 inch), R331 (2 inch), and 

R329 (2 inch) photomultiplier tubes (PMT, Hamamatsu Photonics K.K.), bialkali photocathode, spectral 

response, mode coupling, Steady State Biophoton Emission, Poisssonian Photo Count Distribution, fully 

Coherent, Squeezed States, Thermodynamic and Quantum Optical Interpretation, 

Gestalthbildung=Swarming, Non-Thermal Photon Vs. Thermal Photons Emission, Cavity Resonator 

Waves,  long lasting photon storage, resonance wavelengths, transverse magnetic and electric modes, 

dielectric resonant cavity, (eigenvalues of the Bessel functions m, n correspond to the radial axis and p to 



the length of a right circular cylindrical cavity.), TE mode mnp TM mode mnp, Number of stored 

photons, superposition of cavity resonator waves, Schrödinger 's question of small number of aberrations 

in the migration of biomolecules during cell division, polycyclic hydrocarbons, (photon counting system 

functions at a sensitivity of about 1017 W and a signal-to-noise ratio of at least 10), EMI 9558 QA 

photomultiplier cathode sensitive within the range of 200-800 nm, (decay parameter, hyperbolic 

approximation, relaxation dynamics, cell suspension afterglow, weak white light illumination, normal 

amnion cells, cell density, malignant Wish cells, nutritive medium. (Fig. 12)) 

 

Questions 

 
1. What is a thermal photon and how are the number of these counted within a single cell anyway? I 

thought counting photons within a single cell was impossible? Is a thermal photon different from 

other ultraweak photons under discussion? Reference; Popp Fa. (2003). Properties of biophotons 

and their theoretical implications. Indian J Exp Biol, 41-5, pp. 391 - 402. Full Text Article; 

http://www.anatomyfacts.com/research/PropertiesBioph.pdf 

 

2. Given that the high chemical reaction rate 10
5
=100,000 per cell per sec the number of thermal 

photons says Popp are insufficient to explain this high reaction rate? In other words you would 

need vastly more photons in the cell to explain the high reaction rate on the order of 10
14

 

(100,000,000,000,000=100 trillion) since at least one of the chemical reactants needs a little 

electrical buzz to allow the chemical reaction. Popp implies that these are the other biological 

phenomena (high number of chemical reactions), which explain the existence of photons within 

cells. Is there a disconnect here? It doesn’t seem to be explained well. Reference; Popp Fa. 

(2003). Properties of biophotons and their theoretical implications. Indian J Exp Biol, 41-5, pp. 

391 - 402. Full Text Article; http://www.anatomyfacts.com/research/PropertiesBioph.pdf 

 

3. Is cell-to-cell signaling an accepted scientific fact which explains "bloom of bioluminescent algae 

creating an entrainment of light pulsing" AW. What is the mechanism ect? Could the same 

mechanism be at work between the cells of organisms only in this case ultra weak photon 

emissions and has this been considered? 

 

4. What evidence do we have on "cell-to-cell signaling within the human CNS through biophotons" 

AW? The reference in this paper is CNS. 

 

5. Please expand on the "implications (biophotons) this could have for developmental biology, as 

well as injury healing." AW 

 

6. What is “structured water”? AW 

 

7. What is “NAD, and CoQ10”? AW 

 

8. What is the "ubiquitous and critical process of gel/sol transition states in all biological systems" 

AW? 

 

9. What is Coherent non-classical light and optical coherence? Contrast and compare classical light 

terms vs. non-classical light terms with regards to biophotons. 

 

10. Talk about non-classical or squeezed light behaviors referencing quantum entanglement aka 

Einstein’s " "spooky action at a distance." 

 

11. How can we measure single photon behaviors? 
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12. What is the experimental evidence supporting quantum entanglement? 

 

13. What is "sub-threshold" photon counting"? 

 

14. What is spontaneous emission of photons via vacuum fluctuations? 

 

15. Perhaps then these quantum entanglement "spooky action at a distance" are like some cosmic tug 

of war in the fabric of space, where simultaneity does not violate special relativities speed limit 

(SOL). Its like pulling on a rope at some summer back yard barbeque. Perhaps at the cellular 

level we might observe similar effects. Are there cancers for example that simultaneously appear 

in different parts of the body with no currently known route of transmission? Do these weak 

photon emissions transmit data like some fiber optics. How do radio waves or any 

electromagnetic waves transmit data? Can data be stored and preserved? 

 

16. What are the applied Biophysics books edited by Popp? More information about summer 

school/conferences at Neuss? 

 

17. Are these articles listed the best ones to do a literature review on? 

http://www.anatomyfacts.com/Muscle/photonr.html 

 

18. What is “Van Wijk's paper on Human Biophoton counting” AW? 

 

19. Has Gurwitsch’s basic experiment ("Grundversuch") been replicated?  

 

20. How did Gurwitsch determine that particular range of UV light (260nm) was being emitted?  

 

21. By what process does the DNA of one plant produce DNA signaling to another plant cell? Is this 

one way or two ways? Is this the same cell-to-cell communication we see in animals? Have we 

been able to image any of this and if so by what technology is imaging possible?   

DNA plays a role in things, but not in the sense that is normally thought. AW 

22. Would injury to a cell for example increase photon production from other healthy cells to 

stimulate the DNA of the injured cell to facilitate healing?  

 

23. Wouldn't the by many times multiplied relative intensity of sunlight for example interfere with 

the ultra weak photon emission cell to cell signaling? 

The kind of signaling involving entangled quanta of light (e.g. biophotons) can't be swamped out by 

classical light, the same way a laser beam can still send information in bright daylight, coherence affords 

"special privileges." AW We nee references for this. TN 

 

24. Do we have an English translation of the full text version of the paper that took us down this 

rabbit hole in the first place? A.G. Gurwitsch: "Über Ursachen der Zellteilung". Arch. Entw. 

Mech. Org. 51 (1922), 383-415 

 

25. Popp, provides us with a good historical review and then seems to suggest that cell mitosis is 

guided by electromagnetic resonant waves (?)(300-700nm), which would explain Erwin 

Schrödinger’s question regarding how there could be so few errors in the biomolecular migration 

during cell mitosis. It is in Table 1 that I become lost. What is the meaning of Table 1? 

Reference; Popp Fa. (2003). Properties of biophotons and their theoretical implications. Indian J 

Exp Biol, 41-5, pp. 391 - 402. Full Text Article; 

http://www.anatomyfacts.com/research/PropertiesBioph.pdf 
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26. Who is Dr. Sutherland and what is his experience with regards to scientific skepticism? 

William Garner Sutherland DO (1873-1954) was a student of Andrew Stills (circa 1900) who believed the 

bony cranium was capable of respiratory motion. "While looking at a disarticulated skull, Sutherland was 

struck by the idea that the cranial sutures of the temporal bones where they meet the sphenoid bones were 

"beveled, like the gills of a fish, indicating articular mobility for a respiratory mechanism."” Dr. 

Sutherland "the cranial-osteopath who laid the foundation for cranio-sacral therapy especially the 

biodynamic branch.  "Liquid Light" he would say is the property of inherent health expressing within the 

body." AW 

27. What does BG stand for as used in the phrase “BG Chem and physics”? 

 

28. Can we determine whether or not the Taoist Cosmology, traditional Eastern medicine and 

Channel theory has any merit? For example do photon emissions seem to concentrate along the 

traditional channel lines such as Stomach or liver channels in the leg or lung and large intestine 

channels in the arms? Can we see photons produce an aura and is there any photon research to 

show how energy work effects. Do we find increased photon emissions above and below the head 

and below the feet for example? Is there a greater concentration of photon emission around the 

crystal palace area or near the third eye? Does more energy come out of the hands when energy 

work is being done? Do energy workers produce a significant increase in cell mitosis in plants 

when compared to Gurwitsch’s basic experiment? What statistical tools should be employed? 

 

29. If in Biophotonics human energy fields can be photographed, what is the technology used? 

 

30. Is our spirit is a light wave signature embedded in Eugenio Calabi’s (1923-present) and Shing-

Tung Yau’s (1949-present) Calabi-Yau manifold? 

 

31. How do the interior walls of a cell reflect electromagnetic waves (Cavity resonator waves)? Do 

cavity resonator waves help guide biochemicals and reduce error rate during cell mitosis?  

 

32. Do cavity resonator waves explain the effects of Gurwitsch’s basic experiment that by increasing 

the electromagnetic flow from the inductor plant cell mitosis was increased in the detector plant? 

 

33. Does the sweet reason Popp uses to justify cavity resonator waves answering Schrödinger 's 

question a plausible explanation to other biophysicists? Is there experimental proof of this. The 

reference is as follows; Popp, demonstrates in Table 1 transverse magnetic and electric modes 

and their wavelengths given the dimensions and boundary of a cell. By superimposing the cavity 

resonator wave patterns onto the "dynamical structures of the mitotic figures during cell division, 

Popp reasons is "the most likely answer to Schrödinger 's question of why the error rate 

vanishes". 

 

34. What is the “electric field of TM11 cavity modes in the Right side explanation of Fig. 2 in this 

illustration Cell Mitosis vs. Cavity Resonator Waves? 

 

35. What are the eigenvalues of the Bessel functions m, n in Table 1 and how do they correspond to 

the radial axis and p to the length of a right circular cylindrical cavity? In the same table what is 

TE mode mnp TM mode mnp and what’s the concept and actual number of stored photons mean? 

 

36. What are the experimental results that support this bold claim that biophotons can actually have a 

regulating function in biochemical reactions? What is the physical basis for this and what are the 

theoretical implications? 

 

http://www.anatomyfacts.com/Research/modes.bmp
http://www.anatomyfacts.com/Research/crw.bmp
http://www.anatomyfacts.com/Research/modes.bmp


37. What are the single photon counting system functions? W=Wattage? Signal-to-noise ratio. 

What’s a cathode? What kind of photomultiplier is the EMI 9558 QA. What do range sensitivities 

mean (200 to 800nm)? Why does inserting the multiplier into a cooling jacket, where copper 

wool provides thermal contact, reduce the noise? How does a grounding metal cylinder protect 

the multiplier from electric and magnetic fields? Why does freezing occur if the multiplier is not 

kept in a vacuum? Why does the quartz glass in front of the multiplier tube have no thermal 

contact with the cooled cathode? Why doesn't it become covered with moisture? Why is the 

optimal cooling temperature -30º C (Centigrade)(-22º F Fahrenheit)?  What is a chopper? What is 

current density (2 photons/(s cm
2
)? What is significance level (99% within 6 hr.)? 

 

38. What is quantum physical (coming from the subatomic field within the organism?)? 

 

39. There are only three references in this section and none of them appear independent. What are the 

multiple independent groups and replicated studies? (Studies?) 

 

40. Please interpret the following # 2 (Boltzmann) 

 

41. What is spectral intensity, non-equilibrium system, excitation temperature (v), occupation 

probability f(v), Boltzmann distribution f(v)=exp(-hv/kT) but the rule f(v)=constant. 

 

42. Please explain the following terms; probability p(n, t) n biophotons (n=0,1,2...) preset time 

interval t ergodic conditions Poissonian distribution (exp(-<n>) <n>
n
/n! <n>=mean value of n 

over t time intervals  t down to 10
-5

 s 

 

43. Please interpret this statement "The probability p(n, t) of registering n biophotons (n=0,1,2...) 

in a preset time interval t follows under ergodic conditions surprisingly accurately a Poissonian 

distribution (exp(-<n>) <n>
n
/n! <n>=mean value of n over t time intervals  t down to 10

-5
 s. 

For lower time intervals t there are no results known up to now" 
cii[102]

 (Fig 5) 

 

44. What is a hyperbolic-like (l/t) function? (Fig 6) 

 

45. What is the optical extinction coefficient? 

 

46. Please explain how temperature increases and decreases cause "temperature hysteresis loops" 

(Fig 7) as described by a Curie-Weiss law. 

 

47. Popp uses the word chromatino is this the same as chromatin? 

http://www.anatomyfacts.com/research/PropertiesBioph.pdf 

 

48. Are the DNA strands separated from other cellular material so that the DNA can be the only 

source of biophoton emission? 

 

49. Does the phenomena of destructive interference explain the phenomena of ultra-weak photon 

emissions? (Interference reference) Given the large role these electromagnetic waves have in all 

biological functions wouldn’t you expect greater intensity photon emissions? 

 

50. What does Popp mean by the statement "biophoton intensity of living matter cannot increase 

linearly with the number of units, but has to follow the effective amplitudes of the interference 

patterns of the biophoton field between living systems."? 
ciii[103]

 (Reference) 

 







 





 

http://www.anatomyfacts.com/research/photonc.htm#qp
http://www.anatomyfacts.com/research/photonc.htm#qp
http://www.anatomyfacts.com/research/photonc.htm#boltzmann
http://www.anatomyfacts.com/research/fig5.bmp
http://www.anatomyfacts.com/research/fig6.bmp
http://www.anatomyfacts.com/research/photonc.htm#oec
http://www.anatomyfacts.com/research/photonc.htm#temp
http://www.anatomyfacts.com/research/photonc.htm#hysteresis
http://www.anatomyfacts.com/research/fig7.bmp
http://www.anatomyfacts.com/research/photonc.htm#curie
http://www.anatomyfacts.com/research/PropertiesBioph.pdf
http://www.anatomyfacts.com/research/photonc.htm#interferencer
http://www.anatomyfacts.com/research/photonc.htm#interferencep


51. Could the elimination of destructive interference explain phenomena such as spontaneous 

combustion of living organisms? (Reference) 

 

52. How do these destruction zones trap light within the organism and does the same mechanism 

work intercellular? (Reference) 

 

53. What is the daphnia concentration in nature that Popp references? (Reference) He found in 

concentrations of about 110 (Popp doesn't say per square what?) animals. Can we get an English 

translated copy of the referenced dissertation article? 
civ[104]

 

 

54. Is this energy that is trapped within the creatures from sunlight? (Reference) 

 

55. What does Popp mean by the statement "to some extent one is justified in saying that living 

systems "suck" the light away in order to establish the most sensitive platform of 

communication."? 
cv[105]

  Where does this light come from? (Reference) 

 

56. Can individual animals be distinguished by similar wave patterns and if so could this be used to 

identify certain bacteria within cultures or types of cancer tumors within people? (Biological 

phenomena 4 Q1) 

 

57. Is this mutual interference is a form of biological communication and how does it work? How 

does each of the individual animals become aware of the other thru biophoton communication? 

(Biological phenomena 4 Q2) 

 

58. Is the Signal-to-noise ratio the same as mutual interference patterns? (Biological phenomena 4 

Q3) 

 

59. Is the number of animals necessary for the optimization of the mutual interference pattern unique 

to individual species? If it is, could bacteria for example be further identified by the number of 

animals required for the optimization of the mutual interference pattern? (Biological phenomena 

4 Q4) 

 

60. How does this optimization allow for maximum light storage? What experimental proof do we 

have? (Biological phenomena 4 Q5) 

 

61. How do biophoton emissions provide the biocommunication necessary for orientation, swarming, 

formation, growth, differentiation and "gestaltbildung”? What is swarming? What is 

"gestaltbildung”? (Biological phenomena 4 Q6) 

Gestaltbildung is the formation and differentiation of tissues and organs. 

62. What does Popp mean by the “first stage” of tissue destruction? (Biological phenomena 5 Q1) 

 

63. Are these interference patterns also responsible for maintaining coherence within individual cells 

(Maintain “Cavity resonator waves” within cell)? Once tissue destruction occurs and interference 

patterns are eliminated where do biophoton emissions come from? Why does delayed 

luminescence increase exponentially subsequent to tissue destruction and interference pattern 

elimination? How does the breakdown of interference patterns between the individual cells occur 

from tissue destruction? (Biological phenomena 5 Q2) 

 

64. What is non-linear (cubic) dependence of intensity from cell-number n in (Fig. 11)? (Biological 

phenomena 5 Q3) 
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65. Please rephrase the description under (Fig. 12) with "layperson friendly" definitions of the 

following terms; (decay parameter, hyperbolic approximation, relaxation dynamics, cell 

suspension afterglow, weak white light illumination, normal amnion cells, cell density, malignant 

Wish cells, nutritive medium.) (Biological phenomena 5 Q5) 

 

66. Please make this equation layperson friendly. (Theoretical Perspective 1 Q1) 

 

Project Wish list 
1. Skeptical dissertation of Biophotonics AW TN 

2. Synopsis of BG physics and chem. AW 

3. Profile on the typical reader of JBMT. TN 

4. Literature Review Misc Articles AW TN 

5. Literature Review Photon Counting for injured tissue AW TN 

6. Literature Review of articles examine the implications of  “We are made of light” Taoist 

Cosmology, Eastern Medicine and Western energy work AW TN 

7. Send lit review to both skeptic and proponent biophysicists and others for review. 

8. E-Mail online Chat list with identified interest area. 

9. Start local Journal Club So. Ca. TN 

Massage Journal Club Online was initiated on 11/6/2006 

http://health.groups.yahoo.com/group/journalclubonline/ Unit Presentations are scheduled during 

November to recruit interested members. 

 

10.  
 

 

 

Glossary 
 

Basic aromatic ring 

Basic aromatic rings are aromatic rings in which the lone pair of electrons of a ring-nitrogen atom is not 

part of the aromatic system and extends in the plane of the ring. This lone pair is responsible for the 

basicity of these nitrogenous bases, similar to the nitrogen atom in amines. In these compounds the 

nitrogen atom is not connected to a hydrogen atom. Basic aromatic compounds get protonated and form 

aromatic cations (e.g. pyridinium) under acidic conditions. Typical examples of basic aromatic rings are 

pyridine or quinoline. Several rings contain basic as well as non-basic nitrogen atoms, e.g. imidazole and 

purine. 

 

Biophotonics 

Popp’s definition "Corresponding field of applications, provide a new powerful tool for assessing the 

quality of food (like freshness and shelf lif), microbial infections, environmental influences and for 

substantiating medical diagnosis and therapy." 

 

Boltzmann Constant 

The Boltzmann’s Constant (k or kB) is the physical constant relating temperature to energy. It is named 

after the Austrian physicist Ludwig Boltzmann, who made important contributions to the theory of 

statistical mechanics, in which this constant plays a crucial role. Its experimentally determined value (in 

SI units, 2002 CODATA value) is: 1.380 6505(24)×10−23 joule/kelvin  8.617 343(15)×10−5 electron-

volt/kelvin. The digits in parentheses are the uncertainty (standard deviation) in the last two digits of the 

measured value. The conversion factor between the values of the constant in the two different units of 

measure is the magnitude of the electron's charge: q = 1.602 176 53(14)×10−19 coulomb per electron.  
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Bose-Einstein condensate (Bose-condensation) 

Bose–Einstein condensate (Einstein-Bose Condensation) is a phase of matter formed by bosons cooled to 

temperatures very near to absolute zero (0 kelvin or -273.15 degrees Celsius). Under such supercooled 

conditions, a large fraction of the atoms collapse into the lowest quantum state, at which point quantum 

effects become apparent on a macroscopic scale. This state of matter was first predicted as a consequence 

of quantum mechanics by Albert Einstein, building upon the work of Satyendra Nath Bose in 1925. 

Seventy years later, the first such condensate was produced by Eric Cornell and Carl Wieman in 1995 at 

the University of Colorado at Boulder NIST- JILA lab, using a gas of rubidium atoms cooled to 170 

nanokelvin (nK). Cornell and Wieman and Wolfgang Ketterle were awarded the 2001 Nobel Prize in 

Physics. 

 

Bose–Einstein statistics (Bose-Einstein Distribution) 

In statistical mechanics, Bose–Einstein statistics (Bose-Einstein Distribution) (or more colloquially B-E 

statistics) determines the statistical distribution of identical indistinguishable bosons over the energy 

states in thermal equilibrium. Fermi–Dirac and Bose–Einstein statistics apply when quantum effects have 

to be taken into account and the particles are considered "indistinguishable". The quantum effects appear 

if the concentration of particles (N/V) ≥ nq (where nq is the quantum concentration). The quantum 

concentration is when the interparticle distance is equal to the thermal de Broglie wavelength i.e. when 

the wavefunctions of the particles are touching but not overlapping. As the quantum concentration 

depends on temperature; high temperatures will put most systems in the classical limit unless they have a 

very high density e.g. a White dwarf. Fermi–Dirac statistics apply to fermions (particles that obey the 

Pauli exclusion principle), Bose–Einstein statistics apply to bosons. Both Fermi–Dirac and Bose–Einstein 

become Maxwell–Boltzmann statistics at high temperatures or low concentrations. 

 

Chromatin 

A complex of nucleic acid and basic proteins (as histone) in eukaryotic cells that is usually dispersed in 

the interphase nucleus and condensed into chromosomes in mitosis and meiosis. 

Chromatin is a complex of DNA and protein found inside the nuclei of eukaryotic cells. The nucleic acids 

are generally in the form of double-stranded DNA (a double helix). The major proteins involved in 

chromatin are histone proteins, but other chromosomal proteins are prominent too. DNA is packaged into 

chromatin thereby constraining the size of the molecule and allowing the cell to control expression of the 

chromatin-packaged genes. Changes in chromatin structure are affected mainly by methylation (DNA and 

proteins) and acetylation (proteins). Chromatin structure is also relevant to DNA replication and DNA 

repair. Chromatin can be made visible by staining, hence its name, which literally means coloured 

material. 

 

Coherent state 

In quantum mechanics a coherent state is a specific kind of quantum state of the quantum harmonic 

oscillator whose dynamics most closely resemble the oscillating behaviour of a classical harmonic 

oscillator system. It was the first example of quantum dynamics when Erwin Schrödinger derived it in 

1926 while searching for solutions of the Schrödinger equation that satisfy the correspondence principle. 

The quantum harmonic oscillator and hence, the coherent state, arise in the quantum theory of a wide 

range of physical systems. For instance, a coherent state describes the oscillating motion of the particle in 

a quadratic potential well. In the quantum theory of light (quantum electrodynamics) and other bosonic 

quantum field theories they were introduced by the work of Roy J. Glauber in 1963. Here the coherent 

state of a field describes an oscillating field, the closest quantum state to a classical sinusoidal wave such 

as a continuous laser wave. Figure Description : The electric field, measured by optical homodyne 

detection, as a function of phase for three coherent states emitted by a Nd:YAG laser. The amount of 

quantum noise in the electric field is completely independent of the phase. As the field strength, i.e. the 

oscillation amplitude α of the coherent state is increased, the quantum noise or uncertainty is constant at 
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1/2, and so becomes less and less significant. In the limit of large field the state becomes a good 

approximation of a noiseless stable classical wave. The average photon numbers of the three states from 

top to bottom are <n>=4.2, 25.2, 924.5 (source: link 1 and ref. 2) 

 

Conformation 

Formation of something by appropriate arrangement of parts or elements : an assembling into a whole 

<the gradual conformation of the embryo> 

 

Constructive and destructive interference 

When two sinusoidal waves superimpose, the resulting waveform depends on the frequency (or 

wavelength) amplitude and relative phase of the two waves. If the two waves have the same amplitude A 

and wavelength the resultant waveform will have an amplitude between 0 and 2A depending on whether 

the two waves are in phase or out of phase.  

 

Consider two waves that are in phase,with amplitudes A1 and A2. Their troughs and peaks line up and the 

resultant wave will have amplitude A = A1 + A2. This is known as constructive interference. 

 

If the two waves are pi radians, or 180°, out of phase, then one wave's crests will coincide with another 

wave's troughs and so will tend to cancel out. The resultant amplitude is A = | A1 − A2 | . If A1 = A2, the 

resultant amplitude will be zero. This is known as destructive interference. 

 

Curie-Weiss law 

The Curie-Weiss law describes the magnetic susceptibility of a ferromagnet in the paramagnetic region 

above the Curie point 

 

Daphnia (Daphnia magna) 

Daphnia are small, mostly planktonic, crustaceans, between 0.2 and 5 mm in length. Daphnia are 

members of the order Cladocera, and are one of the several small aquatic crustaceans commonly called 

water fleas because of their Saltatory swimming style (although fleas are insects and thus only very 

distantly related). They live in various aquatic environments ranging from acidic swamps to freshwater 

lakes, ponds, streams and rivers. The most popular live food for aquarium fishes is Daphnia. Daphnia 

includes several species, the largest of which is D. magna. D. Magna can reach a size of 1/5 of an inch in 

diameter. Each pregnant Daphnia female delivers up to fifteen babies (all are females under good 

conditions) every three days (depends on food, temperature, and water condition). Daphnia are heavy 

filter feeders and eat a wide variety of tiny organisms of appropriate size. Daphnia can be used to clear the 

green water of aquariums and large outdoor ponds without using dangerous chemicals. All Daphnia 

species produce large black (resting) eggs under certain conditions. The resting eggs survive frost and 

dryness.  

 

Delayed Luminescence 

Long term and ultra weak reemission of photons after exposure to light illumination 

 

Dependent variable 

In experimental design, a dependent variable (also known as response variable or regressand) is a factor 

whose values in different treatment conditions are compared. That is, the experimenter is interested in 

determining if the value of the dependent variable varies when the values of another variable – the 

independent variable – are varied, and by how much. In simple terms, the independent variable is said to 

cause an apparent change in, or simply affect, the dependent variable. In analysis, researchers usually 

want to explain why the dependent variable has a given value. In research, the values of a dependent 

variable in different settings are usually compared. For example, in a study of how different dosages of a 

drug are related to the severity of symptoms of a disease, a measure of the severity of the symptoms of the 



disease is a dependent variable and the administration of the drug in specified doses is the independent 

variable. Researcher will compare the different values of the dependent variable (severity of the 

symptoms) and attempt to draw a conclusion. In the graphing of data, the dependent variable goes on the 

y-axis (see Cartesian coordinates). Other terms for the dependent variable are y-variable, outcome 

variable, and response variable. 

 

Dielectric 

Dielectric, or electrical insulator, is a substance that is highly resistant to electric current 

 

Dinoflagellate 

The dinoflagellates are a large group of flagellate protists. Most are marine plankton, but they are 

common in fresh water habitats as well; their populations are distributed depending on temperature, 

salinity, or depth. About half of all dinoflagellates are photosynthetic, and these make up the largest group 

of eukaryotic algae aside from the diatoms. Being primary producers make them an important part of the 

aquatic food chain. Some species, called zooxanthellae, are endosymbionts of marine animals and 

protozoa, and play an important part in the biology of coral reefs. Other dinoflagellates are colorless 

predators on other protozoa, and a few forms are parasitic (see for example Oodinium, Pfiesteria). 

 

DNA 

Deoxyribonucleic acid (DNA) is a nucleic acid that contains the genetic instructions for the biological 

development of a cellular form of life or a virus. All known cellular life and some viruses have DNAs. 

DNA is a long polymer of nucleotides (a polynucleotide) that encodes the sequence of amino acid 

residues in proteins, using the genetic code. 

 

Electric field 

Effect produced by an electric charge that exerts a force on charged objects in its vicinity. 

 

Electrodynamics  

Electrodynamics is the theory of the electromagnetic interaction. See Electromagnetism (Classical 

electromagnetism, Quantum electrodynamics) 

 

Electromagnetic field 

A field composed of two related vector fields, the electric field and the magnetic field.  

 

Electromagnetism 

The physics of the electromagnetic field: a field, encompassing all of space, composed of the electric field 

and the magnetic field. Electromagnetism is the physics of the electromagnetic field; a field 

encompassing all of space, which exerts a force on particles that possess the property of electric charge, 

and is in turn affected by the presence and motion of those particles. 

 

Electromagnetism (Classical) 

Classical electromagnetism (or classical electrodynamics) is a theory of electromagnetism that was 

developed over the course of the 19th century, most prominently by James Clerk Maxwell. It provides an 

excellent description of electromagnetic phenomena whenever the relevant length scales and field 

strengths are large enough that quantum mechanical effects are negligible (see quantum electrodynamics). 

 

Energy conservation law 

Conservation of energy states that the total amount of energy (often expressed as the sum of kinetic 

energy and potential energy) in an isolated system remains constant. In other words, energy can be 

converted from one form to another, but it cannot be created or destroyed. In modern physics, all forms of 

energy exhibit mass and all mass is a form of energy. In thermodynamics, the first law of 
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thermodynamics is a statement of the conservation of energy for thermodynamic systems. The energy 

conservation law is a mathematical consequence of the shift symmetry of time; energy conservation is 

implied by the empirical fact that physical laws remain the same over time. 

 

Enterococcus Faecalis 

Enterococcus faecalis is a Gram-positive commensal bacteria inhabiting the alimentary canals of humans 

and animals, are now acknowledged to be organisms capable of causing life-threatening infections in 

humans, especially in the nosocomial (hospital) environment. The existence of enterococci in such a dual 

role is facilitated, at least in part, by its intrinsic and acquired resistance to virtually all antibiotics 

currently in use. 

 

Entropy 

In thermodynamics, entropy is an extensive state function that accounts for the effects of irreversibility in 

thermodynamic systems, particularly in heat engines during an engine cycle. While the concept of energy 

is central to the first law of thermodynamics, which deals with the conservation of energy, the concept of 

entropy is central to the second law of thermodynamics, which deals with physical processes and whether 

they occur spontaneously. Spontaneous changes occur with an increase in entropy. In simple terms, 

entropy change is related to either a change to a more ordered or disordered state at a microscopic level, 

which is an early visualisation of the motional energy of molecules, and to the idea dissipation of energy 

via intermolecular molecular frictions and collisions. In recent years, entropy, from a non-mathematical 

perspective, has been interpreted in terms of the "dispersal" of energy. 

 

Ergodic theory 

In mathematics, a measure-preserving transformation T on a probability space is said to be ergodic if the 

only measurable sets invariant under T have measure 0 or 1. An older term for this property was 

metrically transitive. Ergodic theory, the study of ergodic transformations, grew out of an attempt to 

prove the ergodic hypothesis of statistical physics. Much of the early work in what is now called chaos 

theory was pursued almost entirely by mathematicians, and published under the title of "ergodic theory", 

as the term "chaos theory" was not introduced until the middle of the 20th century. 

 

Ethidium bromide 

Ethidium bromide is an intercalating agent commonly used as a nucleic acid stain in molecular biology 

laboratories for techniques such as agarose gel electrophoresis. 

 

Extinction Coefficient 

Extinction Coefficient is the fraction of light lost to scattering and absorption per unit distance in a 

participating medium. The optical properties of the solid are governed by the interaction between the solid 

and the electric field of the electromagnetic wave. In electromagnetic terms extinction coefficient can be 

explained as the decay, or damping of the oscillation amplitude of the incident electric field. The velocity 

of propagation of a electromagnetic wave through a solid is given by the frequency-dependent complex 

refractive index N = n - ik where the real part, n is related to the velocity, and k is the extinction 

coefficient. 

 

Fröhlich, Herbert 

Herbert Fröhlich (9 December 1905 - 23 January 1991) was a German-born British physicist and a Fellow 

of the Royal Society. H. Fröhlich was born in Rexingen, Germany, the son of Fanny Frida (née Schwarz) 

and Jakob Julius Fröhlich, members of an old-established Jewish family. He grew up in Munich, where he 

received his Ph.D. (1930) as a pupil of Arnold Sommerfeld. 

 

 

Gestaltbildung (morphogenesis) 

http://en.wikipedia.org/wiki/Herbert_Fr%C3%B6hlich


The formation and differentiation of tissues and organs 

 

Glycolysis 

Glycolysis is a biochemical pathway by which a molecule of glucose (Glc) is oxidized to two molecules 

of pyruvic acid (Pyr). 

 

Hysteresis 

Hysteresis is a property of systems (usually physical systems) that do not instantly follow the forces 

applied to them, but react slowly, or do not return completely to their original state: that is, systems whose 

states depend on their immediate history. For instance, if you push on a piece of putty it will assume a 

new shape, and when you remove your hand it will not return to its original shape, or at least not 

immediately and not entirely. The term derives from an ancient Greek word υστέρησις, meaning 

'deficiency'. The term was coined by Sir James Alfred Ewing. 

 

Independent variable 

In an experimental design, the independent variable (also known as predictor or regressor) is the variable 

which is manipulated or selected by the experimenter to determine its relationship to an observed 

phenomenon (the dependent variable). In other words, the experiment will attempt to find evidence that 

the values of the independent variable determine the values of the dependent variable (which is what is 

being measured). The independent variable can be changed as required, and its values do not represent a 

problem requiring explanation in an analysis, but are taken simply as given. 

More generally, the independent variable is the thing that someone actively controls/changes; while the 

dependent variable is the thing that changes as a result. In other words, the independent variable is the 

"presumed cause", while dependent variable is the "presumed effect" of the independent variable. The 

independent variable is also called the manipulated variable, predictor variable, exposure variable, 

explanatory variable, or x-variable. Independent variable is the most common name given for this item. 

 

Intercalation 

To insert between or among existing elements or layers 

 

Interference 

Interference is the superposition of two or more waves resulting in a new wave pattern. As most 

commonly used, the term usually refers to the interference of waves which are correlated or coherent with 

each other, either because they come from the same source or because they have the same or nearly the 

same frequency. Two non-monochromatic waves are only fully coherent with each other if they both have 

exactly the same range of wavelengths and the same phase differences at each of the constituent 

wavelengths. 

 

Ion (Ī-on) 

Any charged particle or group of particles usually formed when a substance, such as a salt, dissolves and 

dissociates. Particle Physics 

 

Magnetism 

Phenomenon by which materials exert an attractive or repulsive force on other materials.  

 

Magnetohydrodynamics 

The academic discipline which studies the dynamics of electrically conducting fluids. 

 

Messenger particles 





Sub-atomic particles that are exchanged between matter and are responsible for force, (i.e., 

electromagnetic). An example of a messenger particle is a photon, which is responsible for the 

electromagnetic force. 

 

Molecule (MOL-e-kyool) 

When two or more atoms combine in a chemical reaction, the resulting combination is called a molecule. 

A molecule may contain two atoms of the same kind, as in the hydrogen molecule: H2. The subscript 2 

indicates that there are two hydrogen atoms in the molecule. 

 

Modes 

Any of various stationary vibration patterns of which an elastic body or oscillatory system is capable <the 

vibration mode of an airplane propeller blade> <the vibrational modes of a molecule> 

 

Nucleic acid 

A nucleic acid is a complex, high-molecular-weight biochemical macromolecule composed of nucleotide 

chains that convey genetic information. The most common nucleic acids are deoxyribonucleic acid 

(DNA) and ribonucleic acid (RNA). Nucleic acids are found in all living cells and viruses. 

 

Nucleotide 

A nucleotide is a chemical compound that consists of a heterocyclic base, a sugar, and one or more 

phosphate groups. In the most common nucleotides the base is a derivative of purine or pyrimidine, and 

the sugar is the pentose (five-carbon sugar) deoxyribose or ribose. Nucleotides are the monomers of 

nucleic acids, with three or more bonding together in order to form a nucleic acid. Nucleotides are the 

structural units of RNA, DNA, and several cofactors - CoA, FAD, FMN, NAD, and NADP. In the cell 

they play important roles in energy production, metabolism, and signaling. 

 

Oxidation (ok-si-DĀ-shun) and Reduction  (REDOX) 

Oxidation does not necessarily involve oxygen, after which it was named, but is most easily described as 

the loss of electrons from atoms and molecules. The inverse reaction, reduction, occurs when a molecule 

gains electrons. The removal of electrons and hydrogen ions (hydrogen atoms) from a molecule or, less 

commonly, the addition of oxygen to a molecule that results in a decrease in the energy content of the 

molecule. The oxidation of glucose in the body is also called cellular respiration. According to this study 

that lost energy may produce a photon. The oxidation of glucose, for example, is also known as cellular 

respiration. It occurs in every cell in the body (except red blood cells which lack mitochondria) and 

provides the cell’s chief source of energy. The complete oxidation of glucose to carbon dioxide and water 

produces large amounts of energy. It occurs in three successive stages; glycolysis, the Krebs cycle, and 

the electron transport chain. Another definition= http://www.ilpi.com/msds/ref/oxidation.html 

Antioxidants like vitamin C can minimize oxidation and are often electron donors. 

 

Oxygenation 

Oxygenation refers to the amount of oxygen in a medium. In blood it may be taken to be synonymous 

with saturation, which describes the degree to which the oxygen-carrying capacity of haemoglobin is 

utilized, normally 98-100%. Oxygenation also refers to the process of adding oxygen to a medium such as 

water or body tissue. Claims have been made that oxygenation of human tissue prevent diseases, 

including cancer, however some regard these claims as unverifiable. Oxygenation of various fluorocarbon 

liquids has been used successfully in liquid breathing systems, allowing air-breathing animals, including 

humans, to breathe via liquids for short periods of time. 

 

Photosynthesis 

Photosynthesis (photo=light, synthesis=putting together), generally, is the synthesis of sugar from light, 

carbon dioxide and water, with oxygen as a waste product. It is arguably the most important biochemical 

http://www.ilpi.com/msds/ref/oxidation.html
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pathway known; nearly all life depends on it. It is an extremely complex process, comprised of many 

coordinated biochemical reactions. It occurs in higher plants, algae, some bacteria, and some protists, 

organisms collectively referred to as photoautotrophs. 

 

Polycyclic hydrocarbons (Polycyclic Hydrocarbons, Aromatic) 

A major group of unsaturated cyclic hydrocarbons containing two or more rings. The vast number of 

compounds of this important group, derived chiefly from petroleum and coal tar, are rather highly 

reactive and chemically versatile. The name is due to the strong and not unpleasant odor characteristic of 

most substances of this nature. (From Hawley's Condensed Chemical Dictionary, 12th ed, p96) 

 

Proportionality (mathematics) 

In mathematics, two quantities are called proportional if they vary in such a way that one of the quantities 

is a constant multiple of the other, or equivalently if they have a constant ratio. 

 

Quantum electrodynamics 

Quantum electrodynamics (QED) is a relativistic quantum field theory of electromagnetism. QED 

mathematically describes all phenomena involving electrically charged particles interacting by means of 

exchange by photons, whether the interaction is between light and matter or between two charged 

particles. 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. 

 

Quantum Physical 

 

Quantum theory 

In physics, quantum theory,  is a term that may be used to refer to several related types of theories, which 

make use of quanta. 

 

Q factor (Q-Value) (Q factor or Q, in resonant systems, is a measurement of the effect of resistance 

to oscillation.) 

The Q factor or quality factor compares the time constant for decay of an oscillating physical system's 

amplitude to its oscillation period. Equivalently, it compares the frequency at which a system oscillates to 

the rate at which it dissipates its energy. A higher Q indicates a lower rate of energy dissipation relative to 

the oscillation frequency. For example, a pendulum suspended from a high-quality bearing, oscillating in 

air, would have a high Q, while a pendulum immersed in oil would have a low one. 

 

Resonant Cavity 

A resonant cavity is a cavity in which standing waves can be built up. In a parallelepiped resonant cavity 

for electromagnetic waves, the modes have  

 

Signal noise 

In science, and especially in physics and telecommunication, noise is fluctuations in and the addition of 

external factors to the stream of target information (signal) being received at a detector. In 

communications, it may be deliberate as for instance jamming of a radio or TV signal, but in most cases it 

is assumed to be merely undesired interference with intended operations. Natural and deliberate noise 

sources can provide both or either of random interference or patterned interference. Only the latter can be 

cancelled effectively in analog systems; however, digital systems are usually constructed in such a way 

that their quantized signals can be reconstructed perfectly, as long as the noise level remains below a 

defined maximum, which varies from application to application. 

 

Signal-to-noise ratio 

http://en.wikipedia.org/wiki/Quantum_theory


Signal-to-noise ratio (often abbreviated SNR or S/N) is an electrical engineering concept defined as the 

ratio of a given transmitted signal to the background noise of the transmission medium. It is also known 

as D/U ratio, which stands for desired to undesired signal ratio. 

 

Spectral Intensity 

 

Squeezed light 

Non classical states of light with noise below the standard quantum limit in one quadrature component. In 

physics, a squeezed coherent state is any state of the quantum mechanical Hilbert space such that the 

uncertainty principle is saturated. Depending on at which phase the state's quantum noise is reduced one 

can distinguish amplitude-squeezed and phase-squeezed states or general quadrature squeezed states. If 

no coherent excitation exists the state is called a squeezed vacuum. The figures below give a nice visual 

demonstration of the close connection between squeezed states and Heisenberg’s uncertainty relation: 

Diminishing the quantum noise at a specific quadrature (phase) of the wave has as a direct consequence 

an enhancement of the noise of the complementary quadrature, that is the field at the phase shifted by π / 

2. From the top: the following figures are illustrated; Vacuum state, Squeezed vacuum state, Phase-

squeezed state, arbitrary squeezed state, and Amplitude-squeezed state. In the first figure : Measured 

quantum noise of the electric field of different squeezed states in dependence of the phase of the light 

field. For the first two states a 3π-interval is shown, for the last three states, belonging to a different set of 

measurements it is a 4π-interval. (source: link 1 and ref. 3) Measured quantum noise. The next figure is 

Oscillating wave packets of the five states. Oscillating wave packets The final figure are Wigner functions 

of the five states. The ripples are due to experimental inaccuracies. Wigner functions As can be seen at 

once in contrast to the coherent state the quantum noise is not independent of the phase of the light wave 

anymore. A characteristic broadening and narrowing of the noise during one oscillation period can be 

observed. The wave packet of a squeezed state is defined by the square of the wave function introduced in 

the last paragraph. They correspond to the probability distribution of the electric field strength of the light 

wave. The moving wave packets display an oscillatory motion combined with the widening and 

narrowing of their distribution: The "breathing" of the wave packet. For an amplitude-squeezed state, the 

most narrow distribution of the wave packet is reached at the field maximum, resulting in an amplitude 

that is defined more precisely than the one of a coherent state. For a phase-squeezed state the narrowest 

distribution is reached at field zero, resulting in an average phase value that is better defined than the one 

of a coherent state. In phase space quantum mechanical uncertainties can be depicted by Wigner 

distributions. The intensity of the light wave, its coherent excitation is given by the displacement of the 

Wigner distribution from the origin. A change in the phase of the squeezed quadrature results in a rotation 

of the distribution. The squeezing angle, that is the phase with minimum quantum noise, has a large 

influence on the photon number distribution of the light wave and its phase distribution as well. This 

figure illustrates measured photon number distributions for an amplitude-squeezed state, a coherent state, 

and a phase squeezed state. Bars refer to theory, dots to experimental values. (source: link 1 and ref. 2) 

Measured Photon Number Distributions This figure illustrates Pegg-Barnett phase distribution of the 

three states. Pegg-Barnett 

 

Superposition 

To place or lay over or above whether in or not in contact. to lay (as a geometric figure) upon another so 

as to make all like parts coincide 

 

Thermodynamics 

Thermodynamics (from the Greek thermos meaning heat and dynamics meaning power) is a branch of 

physics that studies the effects of changes in temperature, pressure, and volume on physical systems at the 

macroscopic scale by analyzing the collective motion of their particles using statistics.[1][2] Roughly, 

heat means "energy in transit" and dynamics relates to "movement"; thus, in essence thermodynamics 
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studies the movement of energy and how energy instills movement. Historically, thermodynamics 

developed out of the need to increase the efficiency of early steam engines. 
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Introduction

Various gas, liquid, and solid contaminants are known to 
pollute the environment. In many cases, these pollutants can 
accumulate in the environment and cause considerable dam-
age before their effects are identified and control measures are 
undertaken (e.g., cadmium,1 arsenic,2 O

3
,3 and CO

2
). It is there-

fore of great importance to study the possible impacts of poten-
tial contaminants that are not yet considered to be pollutants.

The utilization of radio-frequency electromagnetic radiation 
(EMR) is increasing with the extensive deployment of mobile 
technology base stations, particularly mobile phone and wire-
less broadband access base stations. Furthermore, in some loca-
tions, there can be 4 or more mobile phone service providers 
covering a single geological area,4 leading to increased EMR 
densities in those environments. EMR exposure guidelines are 
based on the heating effect of EMR on biological tissues,5 and 
effects of EMR on humans and other animals are areas of con-
cern. To date, the effect of EMR on plants has not been con-
sidered to be problematic. This may be due to the assumption 

that environmental exposure does not have a thermal effect on 
plants, and that plants are less sensitive to environmental stress-
ors than are animals. A few studies discussing EMR effects 
on plants have been published, but the data are insufficient to 
allow general conclusions to be reached. Nevertheless, some evi-
dence suggests that plants can experience non-thermal stress as 
a result of exposure to EMR.6-11

Plants alter their growth and development when exposed to 
various environmental stressors and stimuli, such as toxic gases 
(e.g., O

3
 and SO

2
),12,13 magnetic fields,14,15 electric fields,16 and 

vibrations.17 EMR exposure may also act as an environmental 
stress or stimulus for plants. For example, reactive oxygen species 
formation increases in plant tissues after exposure to EMR.6,10 
This has the potential to increase plant oxidative stress, which 
can result in a decreased growth rate.18,19 Investigation of the 
growth dynamics of plants after EMR exposure would provide 
a good indication of the effects of EMR on plants. As yet, how-
ever, no studies have been performed examining the effect of 
EMR on plant growth dynamics during or immediately after 
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The emission of radio-frequency electromagnetic radiation (eMR) by various wireless communication base sta-
tions has increased in recent years. While there is wide concern about the effects of eMR on humans and animals, 
the influence of eMR on plants is not well understood. In this study, we investigated the effect of eMR on the growth 
dynamics of Myriophyllum aquaticum (Parrot feather) by measuring the nanometric elongation rate fluctuation (NeRF) 
using a statistical interferometry technique. Plants were exposed to 2 Ghz eMR at a maximum of 1.42 Wm-2 for 1 h. 
after continuous exposure to eMR, M. aquaticum plants exhibited a statistically significant 51 ± 16% reduction in NeRF 
standard deviation. Temperature observations revealed that eMR exposure did not cause dielectric heating of the 
plants. Therefore, the reduced NeRF was due to a non-thermal effect caused by eMR exposure. The alteration in NeRF 
continued for at least 2.5 h after eMR exposure and no significant recovery was found in post-eMR NeRF during the 
experimental period.
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exposure. This may be due to the difficulties encountered when 
attempting to quantify plant growth parameters over short 
time periods using non-invasive techniques. To overcome these 
limitations, we used statistical interferometry techniques (SIT) 
to measure the growth dynamics of Myriophyllum aquaticum 
(Parrot feather) plants before and after exposure to EMR. Using 
this technique, we measured changes in the standard deviation 
of nanometric f luctuation in the M. aquaticum stem length. In 
stable conditions, this f luctuation remains largely unchanged 
for several hours. The nanometric f luctuations of the lengths 
of some plant parts (leaves and roots) change in response to 
environmental stresses, and these nanometer-scale changes can 
be monitored using SIT.20,21 To investigate any thermal effects, 
which can be caused by dielectric heating due to EMR expo-
sure,22 the temperature of plants before and during EMR expo-
sure was observed using thermographic images.

Results

M. aquaticum stems exposed to EMR had significantly 
smaller standard deviations (SD) of nanometric elongation rate 
f luctuations (NERF) after exposure than prior to exposure (1.51 
± 0.43 vs. 3.24 ± 0.96 nm s-1 mm-1, P < 0.05). This represents a 
reduction in SD of 51 ± 16% from the pre-EMR exposure. By 
contrast, the average difference between control-plant NERF 
SDs before and after placement in the EMR exposure chamber 
was 11 ± 7%, which was not statistically significant (1.89 ± 
0.89 vs. 1.71 ± 0.86 nm s-1 mm-1, P > 0.05; Fig. 1). To determine 
whether NERF recovered toward the pre-EMR exposure state, 
the growth rate data for both pre- and post-EMR exposure mea-
surements were divided into 2 30-min segments and the SD 
of each segment was calculated separately. The NERF SDs for 
the 2 pre-EMR 30-min exposure measurement periods were not 
significantly different from one another (3.29 ± 0.93 and 3.14 
± 0.99 nm s-1 mm-1, P > 0.05). Similarly, the NERF SDs for the 
2 post-EMR exposure measurement periods were likewise not 

significantly different from one another (1.68 ± 0.76 and 1.89 ± 
0.97 nm s-1 mm-1, P > 0.05; Fig. 2).

Exposure to EMR did not alter the temperature of plants, 
even after 1 h continuous exposure. The temperature at a ref-
erence point in the EMR exposure chamber and on the plant 
both increased by 0.1 °C during EMR exposure. The initial 
temperature of the plant was 23.2 °C, which rose to 23.3 °C 
after 1 h continuous EMR exposure (Fig. 3). The temperature 
of the vinyl tube also increased by 0.1 °C after 1 h of continu-
ous exposure, from 23 °C before EMR exposure to 23.1 °C after 
exposure (Fig. 4).

Discussion

Non-stressed plants at vegetative growth phase can show 
growth during the light phase.23,24 However, while growth pro-
ceeds, there is an observed fluctuation in the length of the plants; 
this continues even without any measurable overall growth.25 
These fluctuations may result from complex mechanistic inter-
actions within plants. For example, an exchange of ions (Ca2+, 
K+, Cl-) between the symplast and apoplast spaces26 and changes 
in cell turgor27,28 are needed for long-distance signal transmis-
sion through the phloem. This changing cell turgor could cause 
nanometric fluctuations in plant lengths. Furthermore, the varia-
tions in transpiration rate over time can also lead to plant length 
fluctuations at the micrometer scale,25 and, when the fluctuation 
in the stem length is measured at 3-mm sections as in the present 
study, this can be observed at the nanometer scale.

The reduced NERF SDs observed in the present experiment 
suggest that exposure to 2 GHz EMR caused a change in the 
physiology of M. aquaticum plants. This level of exposure is 
less intense than the maximum public exposure guidelines for 
humans (9.87 Wm-2).5 Reduced NERF can indicate that plants 
are experiencing stress.21 The observed reduction in NERF could 
be explained by the accumulation of H

2
O

2
 and oxidative stress 

caused by EMR exposure, as reported by Tkalec, Malaric, and 
Pevalek-Kozlina;6 Tkalec, Malaric, and Pevalek-Kozlina;9 and 

Figure 1. Relative changes in the standard deviation of elongation rate 
fluctuation in M. aquaticum stems. Plants were either exposed to 2-Ghz 
radio-frequency electromagnetic radiation (eMR; 2 Ghz) or ambient-
only eMR (control). Pre and Post represent pre- and post- eMR expo-
sure, respectively. error bars represent standard deviations.

Figure 2. standard deviation of 2 consecutive 30-min measurements 
of length fluctuation in M. aquaticum stems before and after expo-
sure to 2-Ghz radio-frequency electromagnetic radiation (eMR). “seg 
1” and “seg 2” represent 2 consecutive 30-min time segments. “Pre” 
and “Post” represent pre- and post-eMR exposure measurements. error 
bars represent standard deviations.
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Sharma, Singh, Kohli, and Batish.10 Increases in ROS activity 
after EMR might be due to either an effect on the photosynthetic 
process29,30 or non-photosynthetic ROS formation in cells,31 but 
no clear explanation has yet been determined. Oxidative stress 
and accumulation of ROS in plants negatively affects growth32 
and cellular activity, and may lead to cell death.33 Furthermore, 
if H

2
O

2
 were generated as a consequence of exposure of the pho-

tosystem to EMR, H
2
O

2
 would be expected to induce stomatal 

closure.34,35 This would lower transpiration rates, explaining the 
reduction of NERF in EMR-exposed plants. In the current study, 
NERF was recorded 1.5 h after EMR exposure. The similarity of 
the NERF SDs for the 2 30-min segments of post-EMR exposure 
measurement indicates that the plants did not exhibit any recov-
ery, even 2.5 h after exposure. Plants can take 5–18 h to recover 
from oxidative stress,36,37 and a longer recovery period is therefore 
likely to be required before restoration of normal NERF patterns 
can be observed. Future studies should investigate prolonged 
recovery times after exposure to EMR.

Plants can also be affected by temperature stress,38 and EMR 
may increase plant temperature by dielectric heating.22 Thermal 

images indicated that 1 h of continuous exposure to EMR did 
not alter the temperature of plants. However, physiological pro-
cesses within the plant may have served to regulate the tempera-
ture,39-41 rendering it difficult to assess whether dielectric heating 
occurred. Nevertheless, the temperature of a vinyl tube filled 
with distilled water increased by only 0.1 °C after 1 h EMR expo-
sure at a power density more than 4-fold that used for the NERF 
experiment, suggesting minimal dielectric heating effects. As the 
EMR power density was lower in the NERF experiments (1.42 
Wm-2) than for the temperature experiments (6 Wm-2), any tem-
perature increase in M. aquaticum during EMR exposure in the 
NERF experiment should have been less than 0.1 °C. An increase 
of at least 1 °C is required to generate a thermal effect in biologi-
cal tissue.42 Therefore, in the present study, M. aquaticum plants 
did not experience heat stress caused by EMR exposure.

Plant growth is stimulated by exposure to stationary mag-
netic fields or very low frequency electromagnetic fields.14,15,43,44 
However, calculations using conversion formulas for continuous 
wave (CW) EMR reveal that the maximum magnetic flux density 
was approximately 5.9 × 10-2 µT (Magnetic flux density (µT) = 

Figure 3. Thermal images indicating M. aquaticum plant temperatures. 
(A) Image taken before exposure to 2-Ghz radio-frequency electro-
magnetic radiation (eMR), (B) image taken of the same plant on com-
pletion of 1 h continuous eMR exposure. Within each image, the letter 
“b” indicates the measuring point on the plant canopy, and the letter 
“e” indicates the temperature measurement position on a 5-mm-thick 
rigifoam sheet.

Figure 4. Thermal images indicating the temperature of a vinyl tube filled 
with distilled water. (A) Image taken before exposure to 2-Ghz radio-
frequency electromagnetic radiation (eMR), (B) image taken of the same 
tube on completion of 1 h continuous eMR exposure. Within each image, 
the letter “b” indicates the measuring point on the plant canopy, and the 
letter “e” indicates the temperature measurement position on a 5-mm-
thick rigifoam sheet.
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Wm–2/239). This magnetic flux density is relatively small when 
compared with the magnetic flux densities in the above plant 
growth experiments (1.5 µT–0.5 T) and the magnetic flux den-
sity of the earth’s magnetic field (around 50 µT).45 Therefore, 
the magnetic flux density of EMR in the present study was 
unlikely to directly affect the plants. However, the very high 
frequency of the EMR magnetic field used in the present study 
might have had a hitherto unknown effect on plant growth. 
Although the magnetic field of EMR is the same as the electric 
field of EMR (Electric field (Vm-1) or Magnetic field (Am-1)= 
                          ), most researchers consider the effects of EMR 

on plants in terms of the electric field and the 
effects of dielectric activity. However, because the reported 
effects of EMR on plants are non-thermal, we cannot determine 
whether the observed effects were caused by the high-frequency 
EMR electric field or the magnetic field, and this should be 
studied further.

Plants adapt to their growing environment.46-48 Plants may 
thus have adapted to EMR exposure as they are continuously 
exposed to EMR in the natural environment due to the con-
tinuous operation of communication transmitters. Therefore, it 
is important to study plants exposed to EMR for long periods 
of time to understand any mechanisms used by plants to adapt 
to EMR exposure. However, plants have different levels of sen-
sitivity to EMR, depending on the frequency and power density 
to which they are exposed,49,50 and so it is expected that plants 
growing in the natural environment would vary in their levels 
of adaptation according to location and local EMR intensity.

The power density of EMR due to mobile phone base sta-
tions (8.6 mWm-2)51 is lower than the power density used in 
the present study and in most of the studies examining the 
effects of EMR on plants that are cited in this article. However, 
increasing power densities can be expected in the future due to 
the congested deployment of base stations and public exposure 
guidelines for frequencies above 2 GHz that are as high as 9.87 
Wm-2.5 The current public exposure guidelines are based on the 
thermal effects on biological tissues caused by dielectric heat-
ing due to EMR. However, our observations of reduced NERF 

alongside unchanged temperature, combined with oxidative 
stress data reported elsewhere, strongly suggest that plants 
experience non-thermal stress in response to EMR exposure.

Materials and Methods

Plant preparation
M. aquaticum stems were selected that were at least 15 cm 

in total length, had emergent portions at least 10 cm in length, 
and had roots developing on the stem in the submerged portion. 
The selected stems were cut from the plant stock, and 3–5 stems 
were planted in clean cube-shaped (15 × 15 × 15 cm) small glass 
tanks that had been filled to the halfway mark with cleaned fine 
river sand (sand was thoroughly washed 3 times with tap water 
and once with distilled water before use). Hoagland solution 
(35%) was then added to a level of 5 cm above the sand. Water 
levels in the tanks were maintained by adding distilled water 
every 2–3 d and 35% Hoagland solution once per week. Plants 
were grown under 55–60 µmol m-2 s-1 photosynthetically active 
radiation as measured at 10 cm above the tank, with a 12/12 
photoperiod. Stems were allowed to grow until they naturally 
fell to a horizontal position from their original vertical posi-
tion (around 20-cm emergent stem length), after which they 
were used for SIT experiments (Fig. 5). Horizontally positioned 
plants were used for the experiment because the probing laser 
beams of the SIT system were arranged horizontally to measure 
stem elongation.

Statistical interferometry technique
SIT is a novel optical method to measure the strain or 

change of an object having a rough surface. Statistical interfer-
ometry has been successfully employed to measure extremely 
short-term changes at the sub-nanometer scale in the lengths of 
plant tissues with the aim of estimating environmental condi-
tions. Therefore, SIT can be used to measure changes in plant 
elongation and rates of elongation more accurately than can be 
achieved using conventional techniques.

To achieve measurements of an extremely high accuracy, SIT 
employs a simple optical system and involves no contact with 
the studied object. Two points on the stem of the plant under 
investigation were illuminated by laser beams. As a result of the 
strong scattering of the sample, 2 speckle fields were generated 
in the diffraction field of the system. The 2 fully developed 
independent speckle fields were superimposed, and the result-
ing 2 speckle fields observed through a charge-coupled device 
(CCD) camera placed in the diffraction field.52,53 Elongation 
was determined every 0.5 s. The elongation rate (nm mm-1 sec-

1) was obtained from the elongation over a period τ of 5.5 s 
and was defined by Elongation rate = Elongation / τd where d is 
laser beam separation. Detailed descriptions of SIT are given in 
Kobayashi and Kadono21, Kadono, Bitoh, and Toyooka.52 Data 
were acquired over the whole duration of 1 h.

The NERF measurement and EMR exposure
NERF measurements were performed on EMR-exposed 

and control plants in the same laboratory environment. 
Environmental EMR exposure was not controlled in either 
the test or control plants. The stem of each plant was gently 

Figure  5. horizontally positioned M. aquaticum plant positioned 
within the nanometric elongation recording system. (A) Two probing 
beams separated by 3 mm, (B) soft clamp holding the plant in place, 
and (C) charge-coupled device camera.
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clamped, and loose cotton was placed around each plant stem 
to prevent slippage away from the laser measurement probes. 
Plants were provided with 55–60 µmol m-2 s-1 photosyntheti-
cally active radiation density from a halogen lamp. After a 1.5 h 
stabilization period, initial NERF were measured continuously 
for 1 h. Fluctuations were measured 8–10 cm below the top 
(canopy area) of each plant. After the initial measurements, 
plants were placed directly under an EMR antenna in an EMR 
exposure chamber. “EMR-exposed” plants were then subjected 
to 2-GHz continuous wave (CW; electromagnetic waves of con-
stant amplitude and frequency) EMR at 1.42 Wm-2 power den-
sity for 1 h. The power density was approximately 0.65 Wm-2 at 
the canopy area of the plant, which was approximately 20 cm 
away from the center of the antenna (Fig. 6). Electromagnetic 
waves consist of a magnetic and an electric field oscillating per-
pendicular to one another. In this experiment, the electric field 
was orientated with the object, and thus EMR polarization was 
perpendicular to the stem during exposure. Control plants were 
left in the EMR exposure chamber for 1 h in the absence emis-
sion of EMR from the antenna. After 1 h, plants were removed 
from the EMR exposure chamber and again positioned within 

the NERF measuring system. After a 1.5 h stabilization period, 
NERF measurements were made at the plant location where the 
initial measurements were taken. The experiment was repeated 
4 times.

Thermographic imaging
Exposure to EMR can increase the temperature of biological 

materials due to dielectric heating. Dielectric heating is a mech-
anism by which heat is generated due to the interaction of the 
alternating electric field of EMR and dipolar water molecules.54 
Temperature changes in plants exposed to EMR were assessed 
using infrared thermographic images with a thermal sensitiv-
ity of 0.08 °C (at 30 °C; InfReC Thermo GEAR G120, NEC). 
In this experiment, 10-cm-tall vertically growing M. aquaticum 
plants were used. Plants were exposed to 2 GHz CW EMR at 
a power density of 6 Wm-2 at the canopy area for 1 h. Thermal 
images of the plant canopy were obtained prior to exposure and 
immediately before the exposure ended, 1 h later. To investi-
gate the ability of EMR to increase the temperature of a water 
column with approximately the same diameter as an M. aquati-
cum stem, a vinyl tube filled with distilled water was subjected 
to EMR exposure and the changes in temperature measured. In 

Figure  6. Perpendicular positioning of an M. aquaticum stem with 
respect to an electromagnetic radio-frequency antenna, resulting a 
gradient of power intensity along the stem. (A) Transmission antenna, 
(B) direct waves causing highest power density, (C) angled waves caus-
ing low power density, and (D) radio-frequency electromagnetic radia-
tion power density decreases in the direction of the arrow.

Figure 7. Representative fluctuation of elongation rate of M. aquaticum 
for 1  h. (A) Nanometric elongation rate fluctuation before radio-fre-
quency electromagnetic radiation (eMR) exposure, and (B) nanometric 
elongation rate fluctuation after eMR exposure. Vertical axis denotes 
rate of fluctuation in nm s-1 mm-1 distance of the plant stem. horizontal 
axis denotes duration.
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this experiment, a 12-cm vinyl tube that had internal and exter-
nal diameters of 5 mm and 6 mm, respectively, was filled with 
distilled water. Both ends of the tube were sealed using silicon 
sealant (Senedainn silicon sealant 8060). The tube was then posi-
tioned vertically, directly under an EMR transmission antenna, 
by connecting it to a podium. The tube was exposed to EMR of 
the same frequency and power density as used in the plant ther-
mographic imaging experiments, and thermal images were taken 
prior to continuous exposure to EMR for 1 h, and immediately 
before the exposure ended. Thermal measurements of the vinyl 
tube were targeted 1.5–2 cm below the top of the tube.

Data analysis
The NERF of the M. aquaticum stem continued over time 

(Fig. 7). The power spectrum analysis was not able to clearly 
differentiate the effect of NERF, and thus the NERF standard 
deviation was calculated to characterize the fluctuations. NERF 

SDs of EMR-exposed and control plants were compared using 
2 independent sample t-tests with the Levene test for equality of 
variances. Analyses were performed using SPSS 16.0 (SPSS Inc, 
USA). Thermal images were manually compared with evaluate 
changes in temperature.
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Introduction
Cell biologist Dr. Glen Rein had conceived of the

idea that DNA would make a good target for testing

healers’ ability to affect biological systems, since well

established quantitative measures of DNA’s conforma-

tional state existed and it potentially offered a more stable

and reliable system than cell or bacterial cultures. He had

tested this model system with several healers by having

them hold test tubes containing DNA while they at-

tempted to create a healing environment, and had ob-

tained some positive indicators that the conformational

state of DNA changed when exposed to these environ-

ments. In late 1991, Dr. Rein accepted a position at the

HeartMath Research Center with the intention of continu-

ing these experiments in addition to a series of cell culture

studies. We conducted a number of different experiments

with DNA over the next year and a half. The first six

months were primarily spent performing a series of con-

trol studies to insure the stability of the measurement

system and refining the protocols. Doc Childre then added

the element of intentionality to the protocols, which

proved to be a key factor.

Some of the key results of this series of studies were

presented at research conferences and published in sev-

eral conference proceedings.1-4 We have since received so

many requests for the results of this research that we are

now making a summary of our findings available in this

brief report.

Background

Heart rhythm patterns and emotions
The rhythmic beating of the heart at rest is not

monotonously regular, but rather varies dynamically from

moment to moment. Heart rate variability (HRV), derived

from the electrocardiogram (ECG), is a measure of these

naturally occurring beat-to-beat changes in heart rate,

which has proven to be particularly valuable in studying
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the physiology of emotions. The analysis of HRV, or

heart rhythms, provides a powerful, noninvasive measure

of neurocardiac function that reflects heart-brain interac-

tions and autonomic nervous system dynamics, which are

particularly sensitive to changes in emotional states. Our

research, along with that of others, suggests that there is

an important link between emotions and changes in the

patterns of both efferent (descending) and afferent (as-

cending) autonomic activity. These changes in auto-

nomic activity are associated with dramatic changes in

the pattern of the heart’s rhythm. Specifically, we have

found that during the experience of negative emotions

such as anger, frustration, or anxiety, heart rhythms

become more erratic and disordered, indicating less syn-

chronization in the reciprocal action that ensues between

the parasympathetic and sympathetic branches of the

autonomic nervous system (ANS). In contrast, sustained

positive emotions, such as appreciation, love, or compas-

sion, are associated with highly ordered or coherent

patterns in the heart rhythms, reflecting greater synchro-

nization between the two branches of the ANS.5

Heart coherence
Based on these findings, we introduced the term

coherence to describe distinct modes of physiological

functioning associated with the experience of sustained

heartfelt positive emotions. These coherent functional

modes encompass a number of related physiological

phenomena associated with more ordered and harmoni-

ous interactions among the body’s systems, including the

development of a more ordered (coherent) heart rhythm

pattern.5 Two distinct types of coherence associated with

positive emotions have been identified (described in

detail elsewhere6, 7), one of which is characterized by a

sine wave-like HRV pattern and the other by a transient

low HRV state. Hereafter, we will use the term heart

coherence to refer collectively to both these coherent
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modes. Our research has also enabled the development of

heart-based tools and techniques that promote positive

emotions and increase heart coherence.5, 8, 9

The heart’s electromagnetic field
The electromagnetic field generated by the heart is

the most powerful rhythmic electromagnetic field pro-

duced by the body. The heart’s field permeates every cell

and may act as a synchronizing signal for all the cells in

the body in a manner analogous to information carried by

radio waves. The rhythmically pulsing waves of electro-

magnetic energy generated by the heart create fields

within fields and give rise to interference patterns when

they interact with magnetically polarizable tissues and

substances. We have previously shown that cells studied

in vitro are responsive to the heart’s field. Further studies

conducted in our laboratory have indicated that the heart’s

electromagnetic field can be detected by other individuals

and can produce physiologically relevant effects in a

person five feet away.10

There is a direct correlation between the patterns in

the heart rate variability rhythm and the frequency spec-

trum patterns of the ECG or magnetocardiogram (MCG),

indicating that psychophysiological information can be

encoded into the electromagnetic fields produced by the

heart. Our data show that the heart’s electromagnetic field

becomes more organized during positive emotional (heart

coherent) states, potentially increasing its capacity to

impact surrounding endogenous tissues or exogenous

systems.10

The theory of heart intelligence
The theory of heart intelligence proposed by Doc

Childre postulates that an energetic connection or cou-

pling of information via resonance mechanisms occurs

between higher dimensional structures maintained in the

quantum vacuum (which are organized in a holographic-

like fashion) and the physical DNA in our cells. These

higher dimensional structures are proposed to communi-

cate information to the DNA, guiding cell organization

and differentiation and setting the boundaries for the

individual organism’s ability to vary in its physical,

mental, and emotional domains. At the level of our

physical bodies, the DNA molecule in each cell acts as an

“antenna” and demodulator that is tuned to the organizing

field. At the macroscopic level, the individual DNA

molecules are linked through an “energetic connection”

in the form of conventional magnetic fields, which are

organized in overlapping patches of cells. As a result,

there are networks of groups of cells that form an ener-

getic system. In this model the electromagnetic field

produced by the heart acts to bind and synchronize the

cells in the body and functions effectively as a modulated

carrier wave that organizes the higher-level regulatory

functions of the body’s energetic system. The heart thus

provides the encompassing energetic field that binds the

whole system together. This theory also proposes that the

heart serves as a key access point through which informa-

tion originating in the higher dimensional structures is

coupled into the physical human system, and that states of

heart coherence generated through experiencing heartfelt

positive emotions increase this coupling.

The experiments described in this report were some

of our first steps in testing this hypothesis. Our premise

was that by increasing coupling to the higher dimensional

structures, which in common language are often referred

to as the higher self or spirit, a top-down process could be

initiated which would in turn facilitate an intentional

change in the conformational state of a DNA molecule.

The theory of heart intelligence predicts that individuals

who are able to maintain states of heart coherence have

increased coupling to the higher dimensional structures

and would thus be more able to produce changes in the

DNA.

Methods
In the main study reported on here, the experimental

group consisted of ten individuals who were trained and

experienced in HeartMath’s heart-focused coherence-

building techniques. These participants self-generated

focused feelings of love and appreciation while holding

the intention to cause a sample of DNA to either wind or

unwind. Eighteen individuals with no training in Heart-

Math techniques served as controls. Some of the control

participants were students from the University of Califor-

nia at Santa Cruz and others were individuals recruited

from the local community. Participants were paid fifty

dollars for their participation.

ECG measurements were recorded and analyzed for

coherence. The HeartMath-trained participants each per-

formed a trial in three different conditions: (1) while in a

heart-focused state (generating feelings of love and ap-

preciation) and holding the intention to cause a specific

change in the DNA; (2) while in a heart-focused state with

no intention to change the DNA; and (3) in their normal

state but with the intention to cause a specific change in

the DNA. Control group participants performed a trial in

only one condition: a heart-focused state with the inten-

tion to cause a change in the DNA.

The DNA samples consisted of identical aliquots

(labeled in a double-blind fashion) of human placental

DNA (Sigma Chemical Co.) suspended in deionized
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water (20 µg/ml). At the beginning of each experiment,

the DNA samples were heat-treated (80˚ C for 2 minutes)

to partially denature (unwind) the DNA. All samples were

stored at 4° C in a separate building before and after each

experimental run. For each trial, the conformation of

DNA was measured before and after exposure to the

subject’s intention using a Hewlett Packard ultraviolet

(UV) absorption spectrophotometer. The winding and

unwinding (conformational state) of DNA is measured by

changes in the absorption of UV light at 260 nm. Results

were calculated as a percent change relative to the initial

value at the start of a given trial. In addition, to control for

any potential influence of environmental fluctuations, for

each trial performed on a target DNA sample, pre and post

measurements were also conducted for a control DNA

sample (aliquoted from the same stock solution but not

exposed to human intention or heart focus).

Each sample of DNA was contained in small sealed

test tube, which was placed in a beaker to eliminate any

direct contact with the test tube containing the DNA

solution. Target samples were given to all individuals

approximately one minute after physiological recordings

had begun. The subjects held the beaker containing the

test tube for two minutes, during which time the ECG was

continuously recorded. HeartMath-trained participants

were instructed as to which protocol they were to follow

(intention to wind or unwind/no intention, etc.) When the

protocol called for the participants to hold an intention,

the direction (wind or unwind) was randomized. The

control subjects were instructed to generate feelings of

love and appreciation and asked to hold an intention to

either wind or unwind the DNA.

In addition to the main protocol described above,

several variations of the basic experiment were per-

formed. These included a series of trials to determine

whether DNA could be intentionally influenced over

greater distances. In these long-distance (nonlocal) ex-

periments, the subject attempting to influence the DNA

was located 0.5 miles away from the laboratory where the

DNA was being tested. The experiments were done blind

in that the experimenter testing the DNA was unaware in

a given trial of whether or not the subject was intentionally

attempting to influence the DNA or the specific nature of

the intention.

Results
In the trials in which individuals practiced in Heart-

Math techniques were instructed to generate feelings of

love and appreciation while holding a specific intention to

cause a change in the DNA (either wind or unwind), there

was an increase in heart coherence (with the specific type

of coherence varying among different participants). There

was also a significant change in the conformation of the

DNA (mean change 10.27%, p < 0.01). In some cases,

changes in DNA conformation of up to 25% were ob-

served, indicating a very robust effect. In contrast, the

control group showed no significant increase in heart

coherence and produced no significant change in the

DNA (mean change 1.09%; data not shown). In general,

the individuals who generated the highest heart coherence

ratios produced the most marked effects on the conforma-

tional changes of the DNA. When HeartMath-trained

participants maintained a heart coherent state but did not

hold an intention to cause a change in the DNA, the results

were similar to those of the control group, even though the

control group held the intention to cause a change in the

DNA. Similarly, when the HeartMath-trained partici-

pants held the intention to change the DNA but main-

tained a normal psychophysiological state (without heart

focus), they did not exhibit increased coherence and did

not produce a significant change in the DNA. However,

there was a directional trend in the DNA data for this

condition that was not observed when participants did not

have the intention to cause a change.

The UV spectra shown in Figure 1 indicate a very

large increase in absorption (increased denaturation) of a

DNA sample after an individual generating a particularly

high coherence ratio intended to unwind the DNA. These

changes were threefold larger than those that could be

produced by maximal thermal and/or mechanical pertur-

bation, well known to denature DNA. The effects ob-

served here appear to go well beyond simply causing the

DNA to completely denature (i.e., complete separation of

the two strands).

Figure 2 shows the result of two separate trials in

which a participant intended to cause a winding of the

DNA while in each of the two types of heart coherence

modes. State 1 is now termed physiological coherence

(“entrainment” in earlier publications) while State 2 is

now called the Point Zero mode or low HRV state (“inter-

nal coherence” in earlier publications).6, 7, 11 The results of

both trials are consistent with the subject’s intention to

wind the DNA. These results indicate that in this experi-

ment the two different heart coherence modes influenced

the winding of the DNA to different extents, with the

Point Zero mode producing a larger effect.

It was also of interest to determine if a particular

intention could be directed to a specific DNA sample.

Thus, an additional trial was performed with Doc Childre,

an individual who had shown consistent ability to gener-

ate extended periods of heart coherence. In this experi-

ment, three test tubes containing identical aliquots of

DNA were placed together in the same beaker to deter-
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Figure 1. Ultraviolet (UV) absorption spectra of a DNA
sample before and after being exposed to the intention of an
individual generating heart coherence. In this trial, the
participant was holding the intention for the DNA to further
unwind. The increase in absorption at 260 nm in the “After”
spectrum relative to the “Before” spectrum indicates that
further denaturation (unwinding) of the DNA did occur. The
substantial change in DNA conformation observed in this trial
was three times larger than that which could be produced by
maximal thermal and/or mechanical perturbation in the lab,
suggesting that physical/chemical alterations in the DNA
bases may have also occurred.

Figure 2. DNA UV absorption spectra obtained in two separate
trials in which a participant was in each of the two types of heart
coherence modes while holding the intention to cause further
winding (renaturation) of the DNA. State 1 in this experiment
corresponds to the physiological coherence mode while State 2
denotes the Point Zero mode. The decreased absorption at 260
nm relative to the control spectrum (without exposure to heart
coherence or intention) indicate that both heart coherence
modes coupled with focused intention did produce increased
winding of the DNA. In this experiment, the Point Zero mode
was associated with the ability to produce greater changes in
DNA conformation.
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mine if two of the samples could be affected to different

degrees while not influencing the third sample. The inten-

tion was to simultaneously denature (unwind) two of the

samples to different extents while leaving the third sample

unchanged. The results shown in Figure 3 indicate that

two of the DNA samples were indeed changed to different

degrees while the third sample was unaffected relative to

a control sample. This ability to simultaneously direct

specific intentions to different DNA molecules suggests

that the information communicated between the indi-

vidual and the DNA is very specific and is not simply an

amorphous energy field.

One of the control group participants recruited from

the local community entered the research facility in a

generally upset and frustrated mood and exhibited little

control over his emotions. This individual showed an

unusually chaotic heart rhythm pattern, further confirm-

ing his negative emotional state. He was not able to focus

and the idea of self-generating a positive feeling was an

unfamiliar concept to him. He did, however, agree to hold

the beaker containing the DNA sample. Although he was

not able to maintain a focused intention, his energy did

cause a change in the conformation of DNA sample. The

spectra in Figure 4 show the unusual effect he had on the

DNA. The “After” spectrum indicates not only an in-

creased winding of the DNA but also a shift in the peak of

the absorption curve. This is a very unusual effect, which

indicates that an alteration in the physical/chemical struc-

ture of one or more of the bases in the DNA molecule may

have occurred.

Nonlocal studies
The results shown so far could conceivably be

mediated by the electromagnetic field radiated by the

heart. This hypothesis is supported by studies showing

that DNA is sensitive to externally applied electromag-

netic fields.12 However, a number of nonlocal studies in

which people hold an intention to affect a biological

system over longer distances have also revealed dramatic

effects. In these studies the distance between the targets

and the people holding the intention are well beyond the

range at which conventional electromagnetic fields could
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Figure 3. In this experiment, three DNA samples were held at
the same time by an individual generating heart coherence,
with the intention of simultaneously unwinding two of the
samples to different extents while leaving one of the samples
unchanged. The resulting spectra indicate that Sample 2 indeed
underwent a smaller conformational change than Sample 1,
while Sample 3 remained indistinguishable from the control.
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Figure 4.  Unusual shift in the UV absorption spectrum of DNA
after being exposed to high-intensity frustration.

conceivably mediate the effect. Figure 5 shows an ex-

ample from a series of experiments in which the indi-

vidual maintaining heart coherence and intending to change

the DNA was 0.5 miles from the DNA sample. In this

example, the intention was to increase the winding of the

DNA. In other such nonlocal experiments the intention to

unwind the DNA caused a corresponding increase in the

absorption peak at 260 nm (data not shown). Results from

a series of five nonlocal trials demonstrated a significant

change in DNA conformation (mean change 2.76%, p <

0.01).

Figure 5. UV absorption spectra of DNA illustrating the ability
of an individual to affect the DNA nonlocally. In this experiment,
the participant generating heart coherence and intending to
increase the winding of the DNA was located one-half mile
away from the DNA sample. The decrease in absorption at 260
nm observed in the “After” spectrum relative to the “Before”
spectrum indicates that increased winding of the DNA did
occur.
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Discussion
UV spectroscopy gives information about the chemi-

cal interactions between DNA strands, the resonance

energy transfer along individual strands, and the interac-

tion between the strands and their environment (water).

The conformational changes of DNA observed in this

study were complex and suggest that all three sites of

action were affected.

The results provide experimental evidence to sup-

port the hypothesis that aspects of the DNA molecule can

be altered through intentionality. To our knowledge, this

study was the first to correlate specific electrophysiologi-

cal modes with the ability to cause changes in a biological

target (DNA) external from the body. The data indicate

that when individuals are in a heart-focused, loving state

and in a more coherent mode of physiological function-

ing, they have a greater ability to alter the conformation of

DNA.

Individuals capable of generating high ratios of

heart coherence were able to alter DNA conformation

according to their intention. Intending to denature (un-

wind) or renature (wind) the DNA had corresponding

effects on the UV spectra. Control group participants

showed low ratios of heart coherence and were unable to

intentionally alter the conformation of DNA. It is impor-

tant to note that both the intention to cause a change and

heart coherence were important variables in the outcomes

of the experiments.
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These findings, coupled with the observations that

the DNA could also be influenced nonlocally and that

three samples could be simultaneously affected in differ-

ent ways, seem only to be comprehensible within a

quantum physics framework. These data support the

hypothesis that an energetic connection exists between

structures in the quantum vacuum and corresponding

structures on the physical plane, and that this connection

can be influenced by human intentionality. The experi-

mental data are also consistent with the concept that states

of heart coherence facilitate greater coupling between an

individual and higher dimensional (spirit-level) struc-

tures, thereby enabling human intention to interact with

these structures and initiate a top-down process whereby

energetic information in the quantum vacuum can be

modulated and influence physical systems.

In Childre’s model briefly summarized earlier, within

living systems the DNA molecule is proposed to act as an

“antenna” and demodulator that is tuned to a nonlocal

field existing outside of space-time, thus functioning as a

conduit through which higher dimensional epigenetic

information is transduced at the level of the physical

organism. Since DNA is thus predicted to be particularly

sensitive to this flow of information, we reasoned that it

should make a good model system to explore the effects

of human intentionality. By using an in vitro DNA target

in this study, we eliminated any potential neuronal or

biochemical influences that could occur in vivo, thus

demonstrating a direct energetic interaction. While the

DNA utilized in this experiment was derived from an

exogenous source, it is likely that an individual’s own

DNA would be more “tuned” or resonant, and therefore

even more responsive, to that person’s intentions. Thus,

though clearly in need of further testing, it is conceivable

that individuals could influence their own DNA through

a top-down process such as that described above, poten-

tially producing effects of even greater magnitude than

those observed in this study. The denaturation and rena-

turation of DNA studied in this investigation are biologi-

cally relevant processes involved in a number of vital

cellular functions, including DNA replication and repair

as well as transcription, a process which results in the

generation of proteins and enzymes that in turn regulate

many aspects of cellular physiology. Thus, the data pre-

sented here support the concept that cell-level processes

can be influenced by human intention, mediated via

energetic interactions.

Also intriguing is the finding that heart coherence,

generated through heart-focused positive emotions, ap-

pears to be necessary for this type of interaction to

produce significant effects. It is possible that this finding

may hold a key to better understanding the observed

contribution of positive feelings and attitudes to health

and healing, as well as other related, well acknowledged

but poorly understood phenomena such as the placebo

effect, spontaneous remission in cancer, the health re-

wards of a strong faith, and the positive effects of prayer.

The data reported in this study support the concept that

energetic mechanisms may play a significant part in

mediating such effects. Finally, should the model pro-

posed here be confirmed by further research, understand-

ings gained through this process could potentially aid us

in learning how to consciously affect aspects of our

physiology and health through heart-focused intention. It

is our belief that learning how to interact with, and effect

change in, the energetic patterns associated with biologi-

cal structures and systems may form the basis for a new

mode of treating diseases and disorders that are largely

unresponsive to existing medical treatments. New under-

standings gleaned from research in this area could also aid

people in enhancing their health and well-being, and that

of their environment, on a day-to-day basis.
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