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Abstract:

The virtual photon can be used to calculate the ground state energy levels of hydrogen atom and
helium atom. The calculation method is relatively simple and easy to understand. The Lamb shift
is a problem in quantum electrodynamics. To explain the causes of Lamb's shift, more complex
calculations and various assumptions are needed. It is tested that there is a clear difference
between the 252 orbital of the hydrogen atom and the 2P orbital, which involves the virtual
photon exchange between the electron and the proton, which inevitably causes the difference of
the virtual photon exchange mode. The difference in the way of this virtual photon exchange may
cause the energy loss of the electron proton interactions of the 25" orbital and 2P"? orbital to
differ. Through the calculations in this paper, it is found that if the 2S"? orbital virtual photon
exchange requires additional transmission of a longer distance, the efficiency of virtual photon
energy exchange will be slightly reduced. Thus the energy lost by the 252 orbital is less than the
energy lost by the 2P orbital. This difference in energy reflects Lamb's shift. The calculation
results are consistent with the experimental results on the order of magnitude. This suggests that
Lamb shift may also be caused by changes in the efficiency of virtual photon exchange between
particles.
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1 Introduction

In 2012, | proposed Maxwell's equations based on virtual space-time™?, and improved the

existing Maxwell equations. Then | used a solution from the new Maxwell's equations to find out
the solution of the virtual photon %,

Different from the electromagnetic wave solution corresponding to the photon, the solution of the
virtual photon spans two time and space . Some part of them are located in the virtual space
and time. So if two particles interact, it will lead to the exchange of virtual photons. The
probability that such a virtual photon can be exchanged is closely related to the energy of the
particle in virtual space time.

According to the idea that particle interaction is essentially virtual photon exchange, | accurately
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solved the ground state energy of helium atom . The results of the solution are very close to the
experimental results. This confirms to some extent the rationality of the existence of virtual
photons.

After several years of thinking, | found that the existence of virtual photons also helps to explain
the Lamb shift in a more concise way - where quantum mechanics cannot be explained, and
guantum electrodynamics requires very complicated assumptions to explain

2 The probability of virtual photon

exchange

2.1 The exchange probability of virtual photon carried by

electromagnetic field

When calculating the ground state energy level of a helium atom, | assume that for
electromagnetic interactions, the probability of a particle emitting or absorbing a virtual photon is
a. However, I have not given a reason in this article. As I gradually understand the nature of the
virtual photon, here I try to explain the origin of the virtual photon exchange probability a.

Virtual photons are also electromagnetic waves in nature, so the transmission of virtual photons is
closely related to the nature of electromagnetic fields. Unlike the electromagnetic waves
corresponding to ordinary photons, the virtual photon wave function solved by the virtual photon
wave equations also contains the spatial position of the virtual space-time I Therefore, the
discussion of the exchange of virtual photons must also involve some important properties of
virtual space time.

From the perspective of Maxwell's equations based on virtual space time, the generalized
magnetic charge and the generalized charge are not equal. According to the calculation results of
paper [1,2], the generalized magnetic charge is larger than the generalized charge, and the
generalized magnetic charge is about 137 times of the generalized charge. This also means that for
a particle, the electromagnetic field energy in real space time accounts for about 1/137 of the total
energy of the electromagnetic field in virtual space time. Therefore, it can be seen that
electromagnetic interaction occurs in real space time, involving only 1/137 of the total energy. .
This also means that the probability that the real space time electric field emit energy is about
1/137, which is the fine structure constant o.

Jemittion = & €Y)

The same is true for the absorption of virtual photons:



jabsorption =a (2)

Although this is not a strict derivation process, material changes have their own laws. Therefore, if
a conclusion can be confirmed by experiments, it means that our current theoretical analysis still
has limitations. Some examples will be given later to analyze this conclusion. Due to the
symmetry requirements of electromagnetic interactions, the probability of emitting virtual photon
and absorbing virtual photon is generally the same, so that:

J = Jemittion = jabsorption =a 3)

2.2 The virtual photon energy exchange efficiency between

two different mass particles interaction

If the two interacting particles are of different mass, it will affect the energy exchange efficiency
of the virtual photons. After all, between the two equal mass particles interacts and two different
mass particles interacts, the calculation results are very different in classical mechanics.

Here we first analyze the interaction between electron and proton from the perspective of classical
mechanics. Assume that the electron mass is me, the proton mass is m,, the initial velocity of the

electron is v, the initial kinetic energy of the electron is E, = %mevz, the velocity after the

collision is v,, and the kinetic energy after the electron collision is E, = %mevez; the initial
velocity of the proton is 0, and the velocity after the collision is v,. After the proton collision, the
Kinetic energy is E, =%mpvp2. Then according to momentum conservation and energy

conservation laws, we have the following relationship (for simplicity, the black body represents
the vector and the italic letters represent the corresponding scalar):

meV =mgV, + myv,
1 1 1

Z 2 _— 24 = 2
Zmev —Zmeve +2mpvp

Since there is still a collision angle problem due to the interaction of the two particles, considering
that the electrons inside the atom have better symmetry, only the frontal collision on the axis is
considered here.

If the electron and proton collide head-on on the axis of the electron’s movement, the velocity of
the electron and proton before and after the collision is only have different sign, which is easier to
calculate and can be calculated:



(1-k)
Ve=—"%"V

Where:

k=%
me

So after interaction, the relationship of energy that electron and proton possessed is:

1 5 (1-k)? 1 )

Emeve = T-Emevp
Or

1 ) (1-k)? 1 5

Emeve = 4 -ﬁmpvp
That is

(1-k)?
E, = TEp (4)

Where E. represents the kinetic energy of the electron after interaction and Ep represents the
kinetic energy of the proton after the interaction. After the interaction, the energy lost by the
electron is E,, which has the following relationship

_E, 4k :
T=E, " (-k2+4a ®)

Here E, is the initial kinetic energy of the electron. It can be seen that the energy transferred
from electron to proton is very small. Only the energy of the n ratio produces a shift. Consider the
requirements of quantization in the micro world. There is only one virtual photon, so this energy
transfer reflects the efficiency of electron emission or absorption virtual photons during the
electron proton interaction.

It can also be proved that the energy efficiency from proton transfer to electrons is only 1.

Therefore, the formula (5) reflects the interaction between particles of different masses, and an
efficiency problem of the virtual photon exchange itself. If the two particles are of equal mass,
then n = 1, that is, the efficiency of the virtual photon exchange is 100%. So according to the
formula, takes into account the mass difference between the interacting particles, formula (1) and
(2) becomes



Jemittion = a1 (6)
jabsorption =a'n ™

Therefore

J = Jemittion = jabsorption =a'n ®
3 Lamb Shift

3.1The energy difference of Lamb shift

The Lamb shift reflects that the 25"? and 2P*? orbits in the degenerate state of the energy level
should have the same energy. However due to the difference in the orbital position, there is a slight
difference between the two energy levels. This difference cannot be explained by the Schrédinger
equation and the Dirac equation.

If we view the 2S¥2 and 2P*? orbitals from the perspective of the virtual photon, the main
difference between the two is the difference in the number of virtual photons. For a hydrogen atom,
there is only an electron and a proton, that is, only electrons and protons interact. Therefore, the
exchange of virtual photons is limited to between electron and proton.

Different from the interaction between electron and electron, the mass difference between electron
and proton is very large. So the energy exchange efficiency between different mass particles is
relatively low. This can be seen from calculations of the collision of two different masses of
particles in classical mechanics.

3.2 Using virtual photon theory to solve Lamb shift problem

Using the Schrd&dinger equation or the virtual photon wave function to solve the energy level of a
hydrogen atom, a more accurate result can be obtained. However, when the energy level of an
electron can accommodate multiple virtual photons, this will show a difference from the classical
mechanical processing. These differences are mainly due to the fact that the wavelengths of the
virtual photons will be different, which will affect the position of the virtual photons in the atoms,
and the energy loss of electron in different orbit will also be different.

Intuitively, the virtual photon wavelength of the 25" orbit is shorter, which causes additional time

for the virtual photon to pass from the orbit to the nucleus, which can reduce the energy lost by the
interaction. There are two virtual photons in the 2PY2 orbital with a longer virtual photon
wavelength. Since the two virtual photons are all located in the center of nucleus, the virtual
photon exchange efficiency is slightly high than the 252 orbital with only one virtual photon and
a shorter virtual photon wavelength.



The reason we use the orbital spin angular momentum coupling results in the same is because only
the two are comparable. Otherwise, we must consider the solution of the Dirac equation. For
convenience, the 2S and 2P orbit described below also represents the 252 and 2PY? tracks
actually.

3.2.1 The electron proton interactions in ground state

The energy ratio described in the analysis below is a statistical result. In fact, after each virtual
photon exchange process is completed, the entire virtual photon is transferred from electron to
proton or other electron. That is to say, there is always only one virtual photon in the entire atomic
system.

For hydrogen atoms, considering the interaction between the electron and the proton, the
probability of the electron emitting a photon to the proton is j, which is the probability of the
electron losing energy. Therefore, the proportion of energy that the electron also have is

1—j €))

Although the virtual photons attached to the electron are emitted, one part of the emitting
probability of the virtual photon is emitted out of the atom and the other part probability is
absorbed by the proton and remains in the atom, which is part of the total energy of the atom.
Considering that the probability of proton absorption of a virtual photon is also j, the probability
that a proton obtains a virtual photon from an electron is j2, so that after this round of virtual
photon exchange, electron emit virtual photon, and proton absorb partial virtual photon. The
remaining energy ratio of the entire system is

1—j+j? (10)

Then consider the probability of the virtual photon absorbed by the proton j2. After the proton
absorbs the virtual photon, there is a requirement to immediately emit the virtual photon. And the
emission probability is j, so the total energy of the system will lose the energy of the ratio j - j?,
that is, the total energy ratio that the system can retain is

1-j+j?—j-j? (11)
Considering the energy lost in this part, the proportion of energy that can be absorbed by electron
is j2 - j2. Therefore, after the proton exchange virtual photon with the electron, the total energy
ratio that the system can retain is

1—j+2 = +j* (12)

This loops continuously, we can get a sequence of numbers

P=1—j P = 4= (13)



This is the total energy ratio that can be left after the two particles in the atom interact to exchange
virtual photons.

For the 1S orbital of a hydrogen atom, after considering the virtual photon exchange energy loss
between the electron and the proton, the total energy of hydrogen ground state becomes:

+ pc? + i(L)2 L (14)

E~—
4mer 2pu 2nrt 14§

The energy of the 1S energy level thus calculated will be:

1/ e\ 1,
Eis = —§<2£hc) pet(1+j) = —zauc™(1+)) (15)
It can be seen that for the ground state energy, if the effect of the virtual photon exchange is
considered, the ground state energy of the hydrogen atom may be slightly lower than the results
calculated by the Schré&dinger equation. Of course, the reduced mass p is used here, which also
means that the difference in electron and proton mass has been considered. If the electron mass is
reduced, this also means that the electric field is emitted by an infinite mass of the object. This
calculation of the energy exchange probability j becomes more complicated. Therefore, the results
obtained by the formula of (15) should still have errors.

3.2.2 Electron and Proton interaction in 2S orbit

If the virtual photon exchange is not considered, the total energy of the 25" orbit can be found as

E e e+ o (2 16
T 4mer he 2u (27rr) (16)
The energy of the 252 energy level thus calculated will be
1
E, = —gazucz (17)
Of which
_4n 18
= (18)
That is four times the Bohr radius.
The kinetic energy of electronics is
1 ,auc\? a?uc?
B~ 5.(7) =7 (19)



Different from the 1S orbit, it can be seen from the calculations of the formulas (18) and (19) that
the virtual photon wavelength of the 25" orbital is shorter than the distance of the electron from
the proton. This also means that the electron wave function of the 252 orbital is mainly
distributed on the spherical surface with radius .

Of course, since the virtual photon carried by electron is farther away from the proton, the
interaction between electron and proton is weaker, and the loss of electron energy caused by
electron proton interaction is smaller than that of 2P orbital. It is very difficult to accurately find
this loss. Quantum electrodynamics requires very complex calculations to get an accurate solution.
For ease of understanding, here is a simple estimate of the impact of the characteristics of the 2S
orbit on the virtual photon exchange.

, Jirtual photon

Proton

~
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Fig. 3-5 The virtual photon location at hydrogen 2S orbit

Since the virtual photon wavelength is smaller than the orbital radius in the 2S orbit, the electron
is already closer to the behavior of the classical particle. A virtual photon can be seen as directly
attached to an electron. It can be seen from Fig. 3-5 that the distance from the proton in the center
of the virtual photon of the 252 orbital of the hydrogen atom is r, and the orbital circumference is
2nr. Note the symmetry, although the virtual photons shown in Fig. 3-5 are in the hydrogen atom,
a certain moment exists in a certain direction, but the actual situation is that the virtual photon is
isotropically distributed in the 25" orbit of the hydrogen atom, which can also be seen from the
solution of the Schr&dinger equation. Here, there is a problem whether r should be used to indicate
the distance of the virtual photon transfer, or the orbital circumference 2nr is used to represent the
distance of the virtual photon transfer. Taking into account the requirements of symmetry, the
choice here is the circumference, which is the circumference of the orbit. For the 2P orbit, since
the center of the virtual photon coincides with the nucleus, it means that the circumference of the
orbit is zero, and the electron interacts directly with the proton, and there is no such a loss of
energy loss as the 252 orbital.

Does this choice contradict with classic mechanics? Considering the circular motion of electron
under macroscopic conditions, this isotropic requirement has been undermined. So the interaction
between electron and proton is closer to colliding with two particles. This may reflect some
differences between microscopic and macroscopic particles.
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Therefore, compared with the 2P orbit, the exchange of 25" orbital virtual photons requires a



transmission distance of 2zr. Since the virtual photon will exist in the form of photon after leaving
the particle, its transmission speed is the speed of light c.

The time required is
b =— (20)

In addition, the process of converting from a virtual photon to a photon takes time, which can be
estimated by the uncertainty principle. According to the uncertainty relationship between time and
energy, it means that the time required for the virtual photon of 2S energy to be converted into
photons is at least:

B At =
2 2

Where, the E; is the energy of the 2S orbit. The exchange of virtual photons involves both the
release and absorption processes, and the time required is the same, so the total time required for
virtual photon exchange between particles is

_ 8h 21
"~ a?uc? 21

E;

t, = 2|At] =

Since the 2S orbit requires additional virtual photon transfer time, the ratio of additional electron
proton interactions can be reflected by the proportion of time represented by (22). Which is

iy

=1 22
Q+Qm (22)

Ast
Here, the an is the probability of virtual photon exchange after the interaction distance effect is
not considered.

Considering j,s is very smaller, therefore, the r calculated by (20) can be solved by r calculated
by (18).

Substituting (18) into (3-20), (21), (22) gives

8rh
auc?

8h 8mh

a’uc?  auc?

Ajps = an = ma’n (23)

The formula (23) reflects the decrease in the probability of virtual photon exchange after
considering the virtual photon needs to transmit an additional distance in the 2S orbit. It can be
seen that when t; is very large, Aj,s =~ an



This reflects the entire virtual photon exchange probability. So formula (8) becomes
Jas = an — ma’n

Similar to the solution method of the 1S orbit, the total energy of the 2S orbit can be found as

E e + pc? + L 2hy, 1 24
" 4mer He 2u (an) 1+, (24
The energy of the 2S energy level thus calculated will be
1 , 1
Eps = _5‘12#02(1 +J2s) = —§a2y02(1+an—na’2n) (25)

3.2.3 Electron and Proton interaction in 2P orbit

For 2P*? orbits, if two virtual photons need to be exchanged, the energy of the electrons can be
divided into two halves. Every half of the energy emits and absorbs a virtual photon. The
proportion of energy that can be retained after a virtual photon is emitted is

E E,
7=§(1—1p)

When this virtual photon is absorbed by another particle, the total energy ratio after absorption is

E E, .
=500 +i")

According to the calculation method of a single virtual photon exchange, it can be seen that the
total energy ratio that can be retained after exchanging one of the virtual photons is

E' E
— : ;2 ;3 s 4
?—E(l_lp"']p —Jp’ +ipt )
Looking at the other half of the energy exchange for another virtual photon can also lead to the
same conclusion. Since the exchange of these two virtual photons is independent of each other,
this can be simply added, so that

E=E(1-j,+i°—ip>+ip ++) (26)

This is consistent with the results obtained from the 1S orbit. By replacing the total energy ratio in
equation (14) with the formula (26), the energy of the 2P orbital of the hydrogen atom can be
determined as



1
E,p = —gazucz(l +ip)

Because the virtual photon wavelength of the 2P orbit is consistent with the orbital radius, the
virtual photon distribution of the 2P orbit is consistent with the virtual photon distribution of the
1S orbit, and its center coincides with the nucleus. In this way, the 2P orbit does not need to
additionally consider that there is a non-zero distance between the virtual photon center and the
nucleus to make the efficiency of virtual photon exchange is reduced. So

jp=j=a7]

Therefor

1
Exp = —§a2u62(1+0m) (27)

3.3 Estimate the Lamb shift between 2S and 2P orbit

Thus, according to the formulas (25) and (27), the energy difference between the 2S orbital and
the 2P orbital of the hydrogen atom in the Lamb shift can be determined as

AE = Eps — Epp = Ep(1 4 jos — 1~ jp)

That is
1
AE = —E, -ma’n = gazucz ‘ma’n (28)

Where E, is the energy of n=2 level of the hydrogen atom solved by the Schré&iinger equation,
that is, the energy represented by the formula (17).

Considering m,, > m,, we have

_ 4k 4m,
T (1-k)?2+4 m

n
P

And according to the hydrogen atom energy level data
E, = —82259.158cm™1!
Substituting other relevant data, we can get
AE = 0.03cm™! (29)

The sign is positive, indicating that the 25" level is higher than the 2P*? level.



According to the spectral data provided by nist.gov, the difference between the 2S"? and 2P?

orbital levels of hydrogen atoms is:
AE = 0.035285982cm ™! (30)

It can be seen that the estimated results (29) are consistent with the experimental data (30) on the
order of magnitude.

4 Discussion

The use of virtual photons can solve some problems that quantum mechanics can not solve, which
shows that the hypothesis of virtual photons has a solid theoretical and experimental basis.
Theoretically, the virtual photons themselves have been widely used in quantum field theory,
especially in the Feynman Diagram, virtual photons are an indispensable particle to describe
electromagnetic interaction. Because the various processes of quantum field theory have been
verified by enough experiments data, the existence of virtual photons as a microscopic particle is
also based on a solid experiment.

So virtual photons are not a fake particle introduced only for ease of calculation. However, to
obtain support in theory, only the existing physical theories such as quantum mechanics and
quantum field theory are not enough, which is also an important reason why virtual photons have
been present in various physical theories with a virtual particle. The establishment of virtual
space-time Maxwell equations provides a better theoretical support for virtual photons.

Virtual photons can be applied to solve various practical problems, and in turn provide
experimental support for the theory of Maxwell equations based on virtual space time. The
application of virtual photon theory to solve the three-body problem of helium atom ground state
energy has been a remarkable success. At present, the ground state energy of helium atom
calculated theoretically conforms to the very high precision of the experimental value. In this
paper, the virtual photon theory is applied to lamb shift, and the results obtained are consistent
with the experimental data at least in order of magnitude. Although some assumptions are
involved, it is believed that these assumptions do not have more assumptions than those made by
theories such as quantum electrodynamics.

More importantly, as a result of the greatly simplified calculation process, the meaning of lamb

shift has become clearer, which is conducive to the further development and application of the
theory.
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