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 Ages ago man had thoughts of the nature of his reality. He designed a 
scientific system of analysis to start to explain his world and the observations he 
had of things. The human senses can be fooled. the perception is very limited to 
the types of observation we can make. we only see a small part of the light 
spectrum, we call this visible light. Primitive man made theries to explain things. 
He made belief systems to explain science. There were many that have made 
large advances such as Newton. Newtonian theory was indeed a massive 
advancement. But it did not explain everything. Mendelev made observations. He 
saw that there were similarities of compounds. with no idea of why he made a 
table to catagorize his observations of chemicals. Newton and Mendelev made 
chemistry so dynamic, and it was king of science over two hundred years ago.  
 Then the advent of electronics. Electricity was then explored and a new 
set of rules were made. One hundred years ago electricity stepped up to explain 
more and more. But stil l so much was not explained. In the last hundred years 
the theory of Quantum Physics was the next advancement. And over the last 60 
years the advent of QED has been hailed the KIng of current science. The next 
step of science to come is the subspace connection of consciousness as a basis 
of the universe and science. there is and will always be advancements in science 
to broaden our understanding. In this article we will review QED. All of science 
has come to learn of the new advancements such as non-linear analysis of 
fractals, chaos theory, QED, electronics, ect. All of science except medicine. 
Even though medical science has used these advancements to make devices 
that can analyse the body, medicine has failed to use these advancements to 
explian the body processes. MRI, Cat scans, x-ray, and many others are used to 
see inside the body. But medicine greatly resists the ides of QED and 
photosynthesis in nature. To embrace these advancements would be to discover 
that the synthetic drugs are incompatible with the human. And thus would 
destroy a large greedy industry. The Classical sciences of Newton and Mendelev 
are not capable of describing life in it's complexity.  Let's now explore the basis 
of QED. 

The theory of interaction of light with matter is called Quantum Electro-
Dynamics QED.  Simply put, QED tells us that any miniscule quantum change in 
a part of matter will invole the release or absorption of a photon. When an 
electron absorbs a photon it jumps to a higher quantic energy state. When it 
releases the photon it goes to a lower state. Also there are virtual particles 
especially virtual photons coming in and out of existance in the universe. The 
subject is made to appear more difficult than it actually is by the very many 



overly complex mathematics that constitute the proof of the theory. One of the 
simplest is that of Fermi. We start by just postulating for the emission or 
absorption of photons.  

 FERMI'S METHOD 

Precept 1 
Suppose all the atoms of the universe are in a box. Classically the box 

may be treated as having natural modes (or quantic states)describable in terms 
of a distribution of harmonic oscillators with coupling between the oscillators and 
matter. 

The transition to quantum electrodynamics involves merely the assump tion 
that the oscillators are quantum mechanical instead of classical. They then have 
energies (n + 1/2)ћω, n = 0, 1 ..., with zero-point energy 1/2 ћω. The box is 
considered to be full of photons with a distribution of energies nћω. The 
interaction of photons with matter causes the number of photons of type n to 
increase by ± 1  (emission or absorption). 

Waves in a box can be represented as plane standing waves, spherical  
waves, or plane running waves exp (iK • x). One can say there is an 
instantaneous Coulomb interaction e2/r ij between all charges plus transverse 
waves only. Then the Coulomb forces may be put into the Schrödinger equation 
directly. Other formal means of expression are Maxwell's equations in 
Hamiltonian form, field operators, etc). 

Fermi's technique leads to an infinite self-energy term e2/r ii .It is possible 
to eliminate this term in suitable coordinate systems but then the trans-verse 
waves contribute an infinity (interpretation more obscure). This anomaly was one 
of the central problems of modern quantum electrodynamics. 
 
Precept 2 

LAWS OF QUANTUM ELECTRODYNAMICS  

 
Without justification at this time the "Rules of Quantum ElectroDynamics" 

will be stated as follows: 
1.The amplitude that an atomic system will absorb a photon during the 

process of transition from one state to another is exactly the same as the 
amplitude that the same transition will be made under the influence of a potential 
equal to that of a classical electromagnetic wave representing that photon, 
provided: (a) the classical wave is normalized to represent an energy density 
equal to ħω times the probability per cubic centimeter of find ing the photon; (b) 
the real classical wave is split into two complex waves e -iωt and e +iωt, and the only 
e-iωt    part is kept; and (c) the potential acts only once in perturbation; that is, 
only terms to first order in the electromagnetic field strength should be retained. 

Replacing the word "absorbed" by "emi t "  in rule 1 requires only that the 
wave represented by exp (+iωt) be kept instead of exp (-iωt). 

2.The number of states available per cubic centimeter of a given polar -
ization is  



 

d³ K/(27π)3 

 
Note this is exactly the same as the number of normal modes per cubic cen -
timeter in classical theory. 

3. Photons obey Bose-Einstein statistics. That is, the states of a collection 
of identical photons must be symmetric (exchange photons, add ampli tudes). 
Also the statistical weight of a state of n identical photons is 1 instead of the 
classical n! 

Thus, in general, a photon may be represented by a solution of the classi -
cal Maxwell equations if properly normalized. 

Although many forms of expression are possible it is most convenient to 
describe the electromagnetic field in terms of plane waves. A plane wave  can 
always be represented by a vector potential only (scalar potential made zero by 
suitable gauge transformation). The vector potential representing a real classical 
wave is taken as  

 

A = ae cos (ωt K •x) 
 

We want the normalization of A to correspond to unit probability per cubic 
centimeter of finding the photon. Therefore the average energy density should be 
11ω. 
Now 
 
 

E = (1/c)(∂A/∂t) = (ωa/c) e sin (ωt - K • x) 
 
 
And 
 

|E| = |B|  
 
 
for a plane wave. Therefore the average energy density is equal to 
 

 
 
Setting this equal to ħω we find that 
 



 
 

Hence we take the amplitude that an atomic system will absorb a photon 
to be 
 
 

 
 
For emission the vector potential is the same except for a positive exponential. 

 

Example: Suppose an atom is in an excited state ¥ᵢ with energy Ei and 

makes a transition to a final state ¥f with energy Ef . The probability of transition per 

second is the same as the probability of transition under the influence of a vector 
potential ae exp[+i(ωt - K •X)] representing the emitted photon. According to the laws 

of quantum mechanics (Fermi's golden rule). 
 

 
 

The matrix element Ufi = │f(potential)i│is to be computed from perturbation 

theory. This is explained in more detail in the next lecture. First, however, we shall note 
that more than one choice for the potential may give the same physical results. (This is 

to justify the possibility of always choosing ᶲ = 0 for our photon). 

 
Precept 3 
 
 
The representation of the plane-wave photon by the potentials 
 

A(x, t) = ae exp [–i(ωt – K • x)] 



 

ᶲ=0 
 
is essentially a choice of "gauge." The fact that a freedom of choice exists 
results from the invariance of the Pauli equation to the quantum-mechanical 
gauge transform. 

The quantum-mechanical transformation is a simple extension of the 
classical, where, if  

 

 
leave E and B invariant. 

In quantum mechanics the additional transformation of the wave 
function 
 

¥'=e-ix 
 
is introduced. The invariance of the Pauli equation is shown as follows. The 
Pauli equation is 
 

 
 
Then, since 
 



 
 
 
 
 
The partial derivative with respect to time introduces a term (∂x/∂t)¥e-ix, and 
this may be included with ᶲe-ix¥. Therefore the substitutions 
 
 
 

 
 
 
leave the Pauli equation unchanged. 

The vector potential A as defined for a photon enters the Pauli 
Hamiltonian as a perturbation potential for a transition from state i to state f. 
Any time-dependent perturbation which can be written 
 
 

∆H = eiωt U(x,y,z) 
 
 

results in the matrix element Ufi given by 
 
 



 
 
This expression indicates that the perturbation has the same effect as a 
time-independent perturbation U(x,y,z) between initial and final states whose 
energies are, respectively, Ei

-ωħl and Ef. As is well known the most important 
contribution will come from the states such that Ef = Ei - ωħ. 

Using the previous results, the probability of a transition per second is 
 
 

 
 
 
To determine Ufi, write 
 
 

 
 
 

Because of the rule that the potential acts only once, which is the 
same as requiring only first-order terms to enter, the term in A • A does not 
enter this problem. Making use of A = ae exp [–i(ωt – K • x)] and the two 

operator relations 
 
 
 



 
 
 
 
 
where K.e = 0 (which follows from the choice of gauge and the Maxwell 
equations), we may write 
 
 

 
 
 
 
 
This result is exact. It can be simplified by using the so-called "dipole" 
approximation. To derive this approximation consider the term    
(e/2mc)(p•ee+iK•x) which is the order of the velocity of an electron in the atom, 
or the current. The exponent can be expanded. 
 
 

 
 
 
K. x is of the order a0 /ƛ, where a0  = dimension of the atom and ƛ = wave-length. If 
a0/ƛ<< 1, all terms of higher order than the first in a0 /ƛ may be neglected. To complete 
the dipole approximation, it is also necessary to neglect the last term. This is easily done 



since the last term may be taken as the order of (ħK/mc) ≈ (ħKc/mc2) (mv2/2mc2). 

Although such a term is negligible even this is an overestimate. More correctly, 

 

 
 
 
The matrix element is 
 
 

 
 
A good approximation allows the separation 
 

 
 
Then to the accuracy of this approximation the integral is 
 

 
 
since the states are orthogonal. 

For the present, the dipole approximation is to be used. Then 
 



 
 
 
Using operator algebra, p f i /m = ħωf i xf i , so that 
 

 



 
 
Precept  4 
 

Absorption of Light. The amplitude to go from state k to 

state 1 in time T (Fig. 4-1) is given from perturbation theory by 
 

 
 



where the time dependence of Uk1 (t) is indicated by writing 
 

U1k (t) = u1k e
-iωt 

 
 
(In accord with the rules of Lecture 2, the argument of the exponential is 
minus and only terms which are linear in the potential are included.) Using 
this time dependence and performing the integration,  
 
 

 
 
 
This is the probability that a photon of frequency ω traveling in direction (θ,Φ) 
will be absorbed. The dependence on the photon direction is contained in the 
matrix element u1k. For example, see Eq. (4-1) for the directional dependence 
in the dipole approximation. 

If the incident radiation contains a range of frequencies and directions, 
that is, suppose 
 
 

 
 
 
and the probability of absorption of any photon traveling in the (θ,Φ) direction 
is desired, it is necessary to integrate over all frequencies. This absorption 
probability is 
 

 



 
 
when T is large, the factor (∆)-2 sin2(∆T/2ħ) has an appreciable value only for 

hw near E1 – Ek, and P(ω,θ,Φ) will be substantially constant over the small 
range in ω which contributes to the integral so that it may be taken out of the 
integral. Similarly for u1k, so that 
 
 

Trans. prob. = 2π(ħ) -1│ u1k │² P(ω1k,θ,Φ)dΩ 
 

where 
 

ħω1k = (E1 – E k) 
 
 

This can also be written in terms of the incident intensity (energy crossing 
a unit area in unit time) by noting that 
 

Intensity = i(ω,θ,Φ)dω dΩ 
 
Thus 
 

Trans. prob. = 2π(ħ) -1│ u1k │² (ħω1k c) -1i (ω1k,θ,Φ) dΩ 
 
 

Using the dipole approximation, in which 
 

 
 
 
the total probability of absorption (per second) is 
 
 

 
 

It is evident that there is a relation between the probability of 
spontaneous emission, with accompanying atomic transition from state 1 
to state k, 



 

 
 
 
and the absorption of a photon with accompanying atomic transition from 
state k to state 1, Eq. (4-1), although the initial and final states are 
reversed since │u1k│=  │uk1│ . This relation may be stated most simply in 
terms of the concept of the probability n(ω,θ,Φ) that a particular photon 
state is occupied. Since there are (2πc)-1 dΩ photon states in frequency 
range dω and solid angle dΩ, the probability that there is some photon 
within this range is 
 

 
 
 
Expressing the probability of absorption in terms of n(ω,θ,Φ), 
 

 
 
 
This equation may be interpreted as follows. Since n(ω,θ,Φ) is the prob -
ability that a photon state is occupied, the remainder of the terms of the 
right-hand side must be the probability per second that a photon in that 
state will be absorbed. Comparing Eq. (4-4) with the rate of spontaneous 
emission shows that 
 
 

 
 
 
In what follows, it will be shown that Eq. (4-4) is correct even when 
there is a possibility of more than one photon per state provided 



n(ω,θ,Φ) is taken as the mean number of photons per state. 
If the initial state consists of two photons in the same photon 

state, it will not be possible to distinguish them and the statistical weight 
of the initial state will be 1/2! However, the amplitude for absorption will 
be twice that for one photon. Taking the statistical weight times the 
square of the amplitude for this process, the transition probability per 
second is found to be twice that for only one photon per photon state. 
When there are three photons per initial photon state and one is 
absorbed, the following six processes (shown on Fig. 4-2) can occur. 
 
 

 
 
 

Any of the three incident photons may be absorbed and, in 
addition, there is the possibility that the photons which are not absorbed 
may be interchanged. The statistical weight of the initial state is 1/3!, 
the statistical weight of the final state is 1/2! , and the amplitude for the 
process is 6. Thus the transition probability is (1/3!)(1/2!)(6)2 = 3 times 

that if there were one photon per initial state. In general, the transition 
probability for n photons per initial photon state is n times that for a 
single photon per photon state, so Eq. (4-4) is correct if n(ω,θ,Φ) is 
taken as the mean number of photons per state. 

A transition that results in the emission of a photon may be 
induced by incident radiation. Such a process (involving one incident 
photon) could be indicated diagrammatically, as in Fig. 4-3. 
 



 
 
 
 

One photon is incident on the atom and two indistinguishable 
photons come off. The statistical weight of the final state is 1/2! and 
the amplitude for the process is 2, so the probability of emission for 
this process is twice that of spontaneous emission. For n incident 
photons the statistical weight of the initial state is 1/n!, the statistical 
weight of the final state is 1/(n + 1) !, and the amplitude for the process 
is (n + 1) ! times the amplitude for spontaneous emission. The 
probability (per second) of emission is then n+1 times the probability of 
spontaneous emission. The n can be said to account for the induced 
part of the transition rate, while the 1 is the spontaneous part of the 
transition rate. 

Since the potentials used in computing the transition probability 
have been normalized to one photon per cubic centimeter and the 
transition probability depends on the square of the amplitude of the 
potential, it is clear that when there are n photons per photon state the 
correct transition probability for absorption would be obtained by 
normalizing the potentials to n photons per cubic centimeter (amplitude 
√n times as large). This is the basis for the validity of the so-called 
semiclassical theory of radiation. In that theory absorption is calculated 
as resulting from the perturbation by a potential normalized to the 
actual energy in the field, that is, to energy nħω) if there are n 
photons. The correct transition probability for emission is not obtained 
this way, however, because it is proportional to n+1. The error 
corresponds to omitting the spontaneous part of the transition prob-
ability. In the semiclassical theory of radiation, the spontaneous part of 
the emission probability is arrived at by general arguments, including 
the fact that its inclusion leads to the observed Planck distribution 
formula. Einstein first deduced these relationships by semiclassical 
reasoning. 

Light absorption is is the key to the process of photosynthesis. 
The light of the sun is absorbed by the plant which converts low energy 
electrons around the nuclei of minerals and nutrients from the soil, to 



high energy electrons around the plant products. The animal then eats 
the plant and gets the energy of the "Hot Electrons" to make ADP and 
ATP the needed compounds of life. The low energy ionic bonds of the 
minerals are converted to high energy co-valent bonds in plants and 
animals. The master equation of life is in the next diagram:  

 
 Only thru QED can we start to understand life. But this proves 
that the synthetic chemicals are incompatible with the animal kingdom. 
Only nature knows the secrets of the proper energy states for the outer 
electrons. A secret the SINthetic chemical companies do not know. 
 
Precept 5 
 

Selection Rules in the Dipole Approximation. In the 

dipole approximation the appropriate matrix element is  
 

 
 
The components of of xif are xif, yif, zif and  
 



 
 
Selection rules are determined by the conditions that cause this matrix ele-
ment to vanish. For example, if in hydrogen the initial and final states are S 
states (spherically symmetrical), Xif = 0 and transitions between these states 

are "forbidden." For transitions from P to S states, however, x if ≠ 0 and they 
are "allowed.” 

In general, for single electron transitions, the selection rule is 
 

∆L = ±1 
 
This may be seen from the fact that the coordinates x, y, and z are essen-
tially the Legendre polynomial P1. If the orbital angular momentum of the 
initial state is n, the wave function contains P n.  But 
 
 

 
 
 
Hence for the matrix element not to vanish, the angular momentum of final 
state must be n±1, so that its wave function will contain either Pn+1 or Pn-1. 

For a complex atom (more than one electron), the Hamiltonian is  
 

 
 
The transition probability is proportional to │Pn+1│²=│Σ(Pα)mn│, where the 
sum is over all the electrons of the atom. As has been shown, (Pα)mn is the 
same, up to a constant, as (xα)mn, and the transition probability is propor-

tional to 
 

 
 
 

In particular, for two electrons the matrix element is 
 



 
 
x1 + x2 behaves under rotation of coordinates similarly to the wave function 
of some "object" with unit angular momentum. If the "object" and the atom in 
the initial state do not interact, then the product (x1 + x2) ¥I (x1x2), can be 
formally regarded as the wave function of a system (atom + object) having 
possible values of Ji + 1, Ji , and Ji - 1 for total angular momentum. Therefore 
the matrix element is nonzero only if Jf, the final angular momentum, has one 
of the three values Ji ± 1 or Ji . Hence the general selection rule ∆J ±1,  0 .  
 

Parity. Parity is the property of a wave function referring to its 

behavior upon reflection of all coordinates. That is, if 
 

¥(- x1, - x2,...) = + ¥( x1, x2, …) 

parity is even; or if 
 
 

¥(- x1, - x2,...) = - ¥( x1, x2, …) 
 
 
parity is odd. 
 
 

If in the matrix elements involved in the dipole approximation one makes 
the change of variable of integration x = - x', the result is 
 
 

xif = ∫ ¥f*(x) x¥i (x)d³x = ∫ ¥f*( - x´) ( - x´)¥0 ( - x´)d³x´ 
 

 

 
If the parity of ¥f is the same as that of ¥i, it follows that 

 

xif = - xif = 0 
 
 

Hence the rule that parity must change in allowed transitions. For a 
one-electron atom, L determines the parity; therefore, ∆L = 0 would be 
forbidden. In many-electron atoms, L does not determine the parity 



(determined by algebraic, not vector, sum of individual electron angular 
momenta), so ∆L = 0 transitions can occur. The 0 → 0 transitions are always 
forbidden, however, since a photon always carries one unit of angular 
momentum. 

All wave functions have either even or odd parity. This can be seen from 
the fact that the Hamiltonian (in the absence of an external magnetic field) is 
invariant under the parity operation. Then, if H¥(x) = E¥(x), it is also true that 
H¥(-x) = E¥(-x). Therefore, if the state is nondegenerate, it follows that either 
¥(-x) = ¥(x) or ¥(-x) = - ¥(x). If the state is degenerate, it is possible that ¥(-x) = 
¥(x). But then a complete solution would be one of the linear combinations 

 
 

¥(x) + ¥( -x)   even parity 
¥(x) - ¥( -x)   odd parity 

 
 
Forbidden Lines. Forbidden spectral lines may appear in gases if they are 
sufficiently rarefied. That is, forbiddenness is not absolute in all cases. It may 
simply mean that the lifetime of the state is much longer than if it were allowed, 
but not infinite. Thus, if the collision rate is small enough (collisions of the 
second kind ordinarily cause de-excitation in forbidden cases), the forbidden 
transition may have sufficient time to occur. 

In the nearly exact matrix element 
 

 
 
the dipole approximation replaces e-iK· x by 1. If this vanishes, the transition is 
forbidden, as described in the foregoing. The next higher or quadrupole 
approximation would then be to replace e-iK· x by 1 – i/K• x, giving the matrix 
element 
 

-i ∫ ¥f* (e·p) (k·x) ¥1 d³x´ 
 

 
 
For light moving in the z direction and polarized in the x direction, this becomes 
 
 

-iK ∫ ¥f*(p xz) ¥i d³x = - iK f (p xz) i │² 
 
 
 
transition probability is proportional to 



 
 

 
 
whereas in the dipole approximation it was proportional to 
 

 
 
Therefore the transition probability in the quadrupole approximation is at least of the order 
of (Ka)2 = a2/ ƛ, smaller than in the dipole approximation, where a is of the order of the 
size of the atom, and ƛ the wavelength emitted. 
 

 
 
 
 
 
 
 
 

From the preceding problem, the first part of pxz is seen to be equivalent, up to a 
constant, to xz, which behaves similarly to a wave function for angular momentum 2, 
even parity. The second part is the angular momentum operator Lv, which behaves like 



a wave function for angular momentum 1, even parity. Therefore the selection rules 
corresponding to the first part are seen to be ∆J = ±2, +1, 0 with no parity change. This 
type of radiation is called electric quadrupole. The selection rules for the second part of 
pxz are ∆J = ±1, 0, no parity change, and the corresponding radiation is called magnetic 
dipole. Note that unless ∆J ±2, the two types of radiation cannot be distinguished by the 
change in angular momentum or parity. If ∆J = ±1, 0, they can only be distinguished by 
the polarization of the radiation. Both types may occur simultaneously, producing 
interference. 

In the case of electric quadrupole radiation, it is implicit in the rules that 1/2→1/2 
and 0→1transitions are forbidden (even though ∆J may be 1), since the required change 
of 2 for the vector angular momentum is impossible in these cases. 

Continuing to higher approximations, it is possible by similar reasoning to deduce 
the vector change in angular momentum, or angular momentum of the photon, and the 
selection rules for parity change and change of total angular momentum ∆J associated 
with the various multipole orders (Table 5-1). 
 
 

 
 
 
 

Actually all the implicit selection rules for ∆J, which become numerous for the 
higher multipole orders, can be expressed explicitly by writing the selection rule as 
 
 

 

│Jf – Ji │≤ 1 ≤ Jf + Ji 
 
where 21 is the multipole order or 1 is the vector change in angular momentum. 

It turns out that in so-called parity-favored transitions, wherein the product 



of the initial and final parities is (-1) Jf - Ji and the lowest possible multipole order is 
Jf  - Ji , the transition probabilities for multipole types contained within the dashed 
vertical lines in Table 5-1 are roughly equal.In parity-unfavored transitions, 
where the parity product is (-1) Jf – Ji+1 and the lowest multipole order is │Jf -Ji │+ 
1, this may not be true. 

 
 

Precept   6 
 
 

Equilibrium of Radiation. If a system is in equilibrium, the relative num-

ber of atoms per cubic centimeter in two states, say 1 and k, is given by 
 

 
 
according to statistical mechanics, when the energies differ by ħω. Since the 
system is in equilibrium, the number of atoms going from state k to 1 per unit 
time by absorption of photons ħω must equal the number going from 1 to k by 
emission. If nω, photons of frequency ω are present per cubic centimeter, then 
probabilities of absorption are proportional to nω, and probability of emission is 
proportional to nω + 1. Thus 

 

 
 
 
This is the Planck black-body distribution law. 

 
The Scattering of Light. We discuss here the phenomena of an incident 

photon being scattered by an atom into a new direction (and possibly energy)  (see 
Fig. 6-1). This may be considered as the absorption of the incoming photon and 
the emission of a new photon by the atom. The two photons taking part in the 
phenomenon are represented by the vector potentials.  



 

 
 
 
The number to be determined is the probability that an atom initially in state  k will 
be left in state 1 by the action of the perturbation A = A1 + A2 in the time T.  
 
 

 
 
This probability can be computed just as any transition probability with the use of A1k, 
where  
 

 
 
 
 
The dipole approximation is to be employed and 
 



 

U = ∆H = (e/2mc)(p·A) + (e²/mc²)(A·A) 
 
where spins are neglected. 

In each integral defining A1k, each of the two vector potentials must appear once 
and only once. Thus, in the first integral the term p • A of U will not appear in U1k . The 
product A • A = (A1 + A2) · (Al + A2) will contribute only its cross-product term 2A1A2. The 
second integral will have no contribution from A • A , but will be the sum of two terms. The 
first term contains a U1n based on p · A2 and a Unk based on p ·A1. The second has U1n 
based on p ·A1 and Unk on p • A2. The time sequences resulting in these two terms can be 
represented schematically as shown in Fig. 6-2. 

The integral resulting from the first term will now be developed in detail. 
 

 
 
 
Then the resulting integral is 
 
 

 
 
 



The integral is similar to the integrals considered previously with regard to 
transition probabilities, and the sum becomes 
 

 
 
 
where ∆ = (E1 +ħω2 – Ek - ħω1), and the phase angle is independent of n. 
A term with the denominator given by (En -ħω1- Ek)(E1 +ħω2- En) has been 
neglected, since previous results show that only energies such that E 1 + ħω2 ≈ 
Ek + ħω1 are important. The final result can be written 
 

 
 
 
where │M│ is determined from A1k by integrating over ω2 and averaging over e2. 
Then the complete expression for the cross section σ is  
 
 

 
 

The first term under the summation comes from the "first term" previously referred 
to and the second from the "second term." The last term in the absolute brackets comes 
from A . A. 
If 1≠ k, the scattering is incoherent, and the result is called the "Raman effect." If 1 = k, 
the scattering is coherent. 

Further, note that if all the atoms are in the ground state and 1 ≠ k, then the energy 
of the atom can only increase and the frequency of the light ω can only decrease. This 
gives rise to "Stokes lines." The opposite effect gives "anti-Stokes lines.” 

Suppose ω1= ω2 (coherent scattering) but further ħω1 is very nearly equal to Ek – 



En, where En is some possible energy level of the atom. Then one term in the sum over 
n becomes extremely large and dominates the remainder. The result is called 
"resonance scattering." If σ is plotted against ω, then at such values of ω the cross 
section has a sharp maximum (see Fig. 6-3). 
 

 
 
 

The "index" of refraction of a gas can be obtained by our scattering formula. It can 
be obtained, as for other types of scattering, by considering the light scattered in the 
forward direction. 

 

Self-Energy. Another phenomenon that must be considered in quantum 

electrodynamics is the possibility of an atom emitting a photon and reabsorbing the same 
photon. This affects the diagonal element Akk. Its effect is equivalent to a shift of energy 
of the level. One finds 
 

 
 
where e is the direction of polarization. This integral diverges. A more exact relativistic 
calculation also gives a divergent integral. This means that our formulation of 
electromagnetic effects is not really a completely satisfactory theory. The modifications 
required to avoid this difficulty of the infinite self-energy will be discussed later. The net 
result is a very small shift ∆E in position of energy levels. This shift has been observed 
by Lamb and Rutherford. 
 
 
 
 
Precept   7 

 Principles and Rules of  



Special Relativity 
Movement Effects Perception 

 
 
 

The principle of relativity is the principle that all physical phenomena 
would appear to be exactly the same if all the objects concerned were mov ing 
uniformly together at velocity v; that is, no experiments made entirely inside of a 
closed spaceship moving uniformly at velocity v (relative to the center of gravity 
of the matter in the universe, for example) can determine this velocity. The 
principle has been verified experimentally. Newton's laws satisfy this principle; 
for they are unchanged when subject to a Gallilean transformation,  

 

x' =x–vt  y' =y z' =z t' = t  
 
because they involve only second derivatives. The Maxwell equations are 
changed, however, when subjected to this transformation, and early workers  in 
this field attempted to make an absolute determination of velocity of the earth 
using this feature (Michelson-Morley experiment). Failure to detect any effects of 
this type ultimately led to Einstein's postulate that the Max-well equations are of 
the same form in any coordinate system; and, in particular, that the velocity of 
light is the same in all coordinate systems. The transformation between 
coordinate systems which leaves the Maxwell equations invariant is the Lorentz 
transformation: 
 
 

 
 
 

y' = y 
z' = z 

 
 

 
 
 



 
where tanh u = v/c. Henceforth we shall use time units so that the speed of light 
c is unity. The latter form is written to demonstrate the analogy with rotation of 
axes, 
 

x'= x cos ϴ + y sin ϴ  
 
Successive transformations v1 and v2 or u1 and u 2 add in the sense that a single 
transformation v3 or u3 will give the same final system if 
 

v3= v1 + v2 or tanh u3 = tanh(u1+ u 2)    
 

Einstein postulated (theory of special relativity) that the Newton laws must be 
modified in such a way that they, too, are unchanged in  form under a Lorentz 
transformation. 

An interesting consequence of the Lorentz transformation is that clocks 
appear to run slower in moving systems; that is called time dilation. In 
transforming from one coordinate system to another it is convenient to use 
tensor analysis. To this end, a four-vector will be defined as a set of four 
quantities that transforms in the same way as x,y,z and ct. The subscript  
p. will be used to designate which of the four components is being considered;  for 
example, 

 

x1 =x  x2= y   x3 =z  x4 =t 
 
 

The following quantities are four-vectors: 
 
 

 
 
 
 
An invariant is a quantity that does not change under a Lorentz transformation. If 
aµ and bµ are two four-vectors, the "product” 
 



 

a·b ≡ ∑ aµ bµ ≡ a4 b4 – a1 b1 – a2 b2 – a3 b3  
 
is an invariant. To avoid writing the summation symbol, the following summation 
convention will be used. When the same index occurs twice, sum over it, placing 
minus in front of first, second, and third components. The Lorentz invariance of 
the continuity equation is easily demonstrated by writ ing it as a "product" of 
four-vectors: 

 

 

 

 

Conservation of charge in all systems if it is conserved in one system is a 
consequence of the invariance of this "product," the four-dimensional divergence. 
Another invariant is 
 
 

pµ pµ = p·p = E² - px ² - py ² - pz ² = E² - p² = m² 
 
(E = total energy, m = rest mass, mc2 = rest energy, p = momentum.) Thus, 
 
 

E2 = p2c2 + m2c4 
 
 
It is also interesting to note that the phase of a free particle wave 
function exp [(-i/h)(Et - p • X)] is invariant since 

 
 

Et - p·X = Et – pxx – pyy – pzz = pµ pµ 

 

 
The invariance of pµ pµ can be used to facilitate converting laboratory 

energies to center-of-mass energies (Fig. 6-4) in the following way 
(consider identical particles, for simplicity): 
 



 
 
 

 
 
The equations of electrodynamics B = ▼ x A and E = – (1/c)(∂A/∂t) –  ▼ Φ 
are easily written in tensor notation, 
 
 



 
 
 
 
where use is made of the fact that Φ is the fourth component of the 
four-vector potential Aµ . From the foregoing it can be seen that Bx, By, B2 , 
Ex, Ey, and E1 are the components of a second-rank tensor: 
 

Fµv = ▼µ Av - ▼v A µ 
 
 

This tensor is antisymmetric (Fµv = – Fµv) and the diagonal terms (µ = v) are 
zero; thus there are only six independent components (three components of E 
and three components of B) instead of sixteen: 
 

 
 
The Maxwell equations ▼ x B = 4π J + (∂E/∂t) and ▼ • E = 4π p are written 
 
 

▼ µ Fµv = 4πj v 
 



 
where v = 1, 2, 3, 4, that is, j1 = jx, j2 = jy, j3 = jz1,  j4 = p. and µ is a 
dummy index of summation. The v = 1, 2, and 3 gives the three 
components of the curl equation, and v = 4 gives the divergence 
equation. 

The equation satisfied by the potential Aµ is found, by 
substituting Eq. (7-1) into Eq. (7-2), to be 
 

▼µ ▼µ Av - ▼v ▼v Aµ  = 4πj v 
 
The potential Av is not unique, however, since the potential 
 

Aʹµ = Aµ + ▼µ x 
 
 

(x = any scalar function of position) also satisfies this relation. Such a 
change or transformation of potential is called a gauge transformation 
(for historical reasons). We shall make the potentials more definite by 
assuming that all potentials have been transformed so as to satisfy the 
so-called Lorentz condition. 
 

▼µ Aµ = 0 
 

This is convenient, because it simplifies the equation for Aµ to 

 

(▼·▼)Av = 4πj v 
 

Since ▼·▼= ▼µ ▼µ , which can be recognized as the wave 

equations 
 

▼²A - ∂²A/∂t² = -4πj 
▼²Φ - ∂²Φ/∂t² = -4πp 

 
 
Sometimes Eq. (7-5') is written □2Aµ = - 4π j µ (□2 = D'Alembertian 
operator = ▼² — ( ∂ / ∂ t ) 2 = -▼•  ▼ ). This choice of gauge (▼µ Aµ = 0) is 

the usual one made in classical electrodynamics,  
 

▼·A - ∂Φ/∂t = 0 
 

SUMMARY 
 Our technical and brief introduction to QED has left us 



with a respect for the complexity and flexibility of even a 
single photon electron interaction. Multiplying this by 
numbers too stagering for human comprehension, lets us see 
why they call it chaos theory. The sum total of interactions 
can never be known and the indeterminancy principle stops 
us from knowing even the smallest of things. Reductionism 
is defeated by Fractal Non-linear Mathematics and QED . 

Our small verbal minds are stuck trying to find some sort of 
explanations to assist our life processes. Our verbal mind can 
make guesses but never know.  
 The next step of science is the recognition of a fact we 
already know. A fact some refuse to accept. The mind 
effects things. With the science of Electronics, QED, 
Fractals, Nonlinear Analysis, and Mind Interaction a new 
medicine expands. An appreciation of nature and a new 
found respect for natural medicine is the future of medicine. 
The SCIO system uses the principles of QED in it's interface 

with patients. Infact all of these new sciences are used by the 
SCIO in helping patients. 
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Big Sugar

Big Tobacco
Big Pharma

Big Media
Big Banking

Big Money

Go to http://imune.name to learn and to get your course materials. You could get a Doctorate in 
Wellness and an international or accredited European professional qualification in neurophysiological 
bioresonance and biofeedback.

The Tassel is worth the Hassel. In a world so concerned of Wellness can be 
yours in just 12 months of Home Stury, a simple 
thesis, a practicum and four days of monitored 
supervised contact.

Big Tobacco, Big Sugar, Big Pharma, Big Oil, and Big War 
Industry are exempt from lay and they kill and injure, maim 

and cripple in the name of profit. They seek to control and 
dominate medicine to further build their profits.

Their money controls governments, regulators, and the small 
minded media. The Ultra Rich Master Echelon Computer now sees 
and hears all the things we say, write, and do. Rights of privacy are 
gone worldwide. They have taken away our rights of free speech.

The Ultra Rich control the media and refuse to tell stories 
that expose or offend the Ultra Rich Power. They control every 
movie that gets distribution, every song that hits the radio, 

everything that is put on the world news. They use science and 
psychology to control and manipulate the minds of the masses.

But medicine is controlled by Universities that teach medicine. 
There is now one university starting to defend Natural Medicine. 
IMUNE has a new 12 month home study course that can 
be bought with Karma and you can learn how to do natural 
medicine and how to break free from the Ultra Rich control.

12 month
home study courseimune

Well, the game of Reality Monopoly is still being played all over the 
world. One percent of the world’s population is winning and now 
controls over 80% of the wealth. The law allows the game to continue 
till we will see one winner and 6 billion plus losers










































