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Abstract In this paper atheory of photon structure is proposed using the elementary
quantum

theory.It is thinked a photon consists of the positive and the negative photinose Y ande U.
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OO Introduction
[J O In 1930 year professor Zhao Zhongyaopublished the absorption coefficient of y -ray
in the lead ,provided a method and the data fory -ray measurementl.The November 1930

year professor Zhao Zhongyao published alsolJ the anomalous scattering of y -rayd 2,he
pointed out the wavelength of anomalous scattering y -ray is amost monocolorific,its
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wavelength is 22.5 x.u(22.5x 10D 4nm),and the corresponding energy isC] 0.5x105eV

(8.01088665><10D 14J),al sopointed out the radiation is from a heavynucleus,later it is

practically demonstrated the radiation is e~ ,€~ annihilation radiation.
0 O In 1933 year Rutherford explaination of Zhao Zhongyao and Gong Zutong experiment3,

two different wavelengths of e ,e pairannihilation measured by Gray-Tarrant* and Gong
Zutong®,as well as the annihilation cross-section formula of Heitler® had all pointed out y -

ray in anucleus field has generated e e pair,and the annihilation of eJ e pair has generated
the photon.From these theories and experiments the photon is consisted of ¢ Hande U .Mao
Zedong spoke:the electron also can be divided,and can be divided infinitelly8.Based on the
above-mentioned inspirations,using bionic genitics,the expanded idea have been pointed out
for Bohr hydrogen atom luminescence model,| consider that photon structure is similar to
hydrogen,

taking e U asthe centretaking € “asthe satellite,e U & -can be called the photino.

[0 O The photon itself carries electromagnetic field.Because of € - rotatesaround € U,
anelectrical field is generated,and travel s(progresses) by a helical in space,the helical is
projected on a plane parallel to the travelling

direction,and asine curve is become.Alsobecause of € -,¢ U travel all with velocity ¢
amagnetic field H is generated,H direction isvertical to the electric field E,it isthe
Poyntingtheorem(d c¢,E,H each other are vertical.Due to the photinos travel rotatonally,they
possess phases,therefore the interference,the diffraction and the polarization can be explained
also.The Zeeman effect,the Stark effect can be explained still.

100 History

[1 [0 In 10 70 th century Newton proposed thecorpuscle theory of light.According to
histheory,light velocity in dielectric ought to have possessed faster than in vacuum.But
Foucault experiment result is quite the contrary to that. Max Planck had researched the black
bodyradiation law,and discovered that one mustexplain the radiation formula by using
quantum theory.Plancks  radiation quantum theory had been used on luminescence of
hydrogen atom by Bohr,the huge achievement.Einstein successfullyexplained photoeffect by
using the quantum

theory of light.The quantum theory of light has been generally recognizing by the science
circle,and become a base of modern physics.Compton-Wu Y ouxun effect lively depicted the
guantum properties of light,and verified the energy and the momentum are conservation in
the collision process of light-to-electrons. The photon-this particle have no a stetic state,its
velocity is c([] 2.99792458x108m/s) in vacuum,its energy ishv (O mc?),itsimpulseishv /c,
it can beabsorbed to enhance energy of an absorber,it can be scattered,a part of self energy is
transfered to scatterer.To activate electrons and to emanci pate the bound el ectrons are went
using energy i.e.the exiton or the free atom is generated.Any body is over absolute zero,all
the photons are endlessly emitted or absorbed,the photons act as the courier from infinitely
distance in theuniverse,we can see afaraway celestial body all by the photons.The photon is
not in need of a static mass,it isnot in need of an acceleration,because of it isnot static
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perpetualy and ittravel with the constant velocity. The photons possess the phase velocity
and the group velocity in amedium,and possess the extremely largerwavelength range. The
photons possessing

shorter wavelengths can become one particle,and the photons possessing longer wavelengths
fill the sky.One matter of thiskind participates in our daily life,whether or not can it
possesses a structure?The neutrino in the fundamental particles is considered to possess the
somecommon properties with the photon; Theneutrino is neutral ,and fly with light velocity”.
Thisisthe first enlightenment.Mao Zedong spoke:the electron can be divided also,and can
be divided infinitely8.Also it stands to reason the photon can be divided.This is the second
enlightenment.

[0 O November 1933,for aletter of“ Interaction of Hardy -ray with Atomic Nucle” of
ZhaoZhongrao and Gong Zutong3,E.Rutherford pointed out Zhao and Gong test ought to add
an evidenceony -ray generates the positive and the negative pair € ,e” inastrong field of
neclei.In addition,on 19330 1934,Gray D Tarrant4

measured y -ray wavelengths are 27x.u and13.5x.u,the] datal] of 0 Gong®( are[] 25.4x.ul]
and13.8x.u.Theld longerd is the(d wavelengthOl whichd isgenerated by e~ ,e” pair
annihilation when stop,and the shorter is the wavelength which isgenerated by annihilation
of e} and Compton

recoil electron traveling with a same velocity in a same direction. This can be explained as
the monophoton annihilation,i.e.this annihilation generate only one photon.Viewing together
the two tests,it isthat y -ray in the strong field of nuclei generates e ,e” pair,and € lifeis
very short,also annihilation isto e and,generate the secondary photon.i.e.oney -photon

hv cantransform to e~ ,e~ pair,and e~ ,e pair also can transform to photon pair or
monophoton.

201 Luminescence model ofhydrogen atom

00 O Bohr' s luminescence model® of hydrogen atom show as Fig.1.0ne sheel electron fly
from the orbit of nCJ 301 O to the orbit nJ 2 along ahelical way of the hairspring type,and
emit one photon hv halfway.

[J O The model can be put forward the following questions:

[0 O 1)The momentum of photonishv /c,isone from where?it must have given by the
transiting electron,but the electron on an orbit have not the vertical-to-orbit momentum on
orbit plane.

[0 O 2)In this process the energy and themomentum of photon (hv ) are undoubtedly
givenfrom the transiting electron,but the electron el ectrifies the negative electricity,also
thegivable is only the negative electricity,yet the photon is neutral and chargeless.

[ O Therefore | consider that all theluminescence model in Fig.1 is not rational. The
rationaler is as Fig.2.The explaination asfollows.
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Fig.200 The luminescence model of annihilation ofhydrogen atom

0 O 1)When the electron e transits to the inner sheel it separates a part masses 0 mC] xmg

(mg isthe electron mass,x isafraction) and apart chargese U 0 O el xe- (the electron is

divisible) from its parent; Simultaneously the atomic nucleusis compelled to separat-out a
part masses [ mgy [0 xmgo and carriesthechargee e DO O el Oxed.e HOe U

halved all and fly separately to +Z directions,e , rotates round € 2,this become the photon

of hydrogen atom type.The energy of the photon is given by the parent.The orbit
electron rotates round the nucleus originally,thereforee U rotatesround € Y .Dueto
themomentum conservation,it is needed to separate out two (£Z) photons.The special
relativity pointes out
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0 0 EO mc2

(1)

it is shown the energy islinear propotion with mass,one contain the instrinsic energy,
thepotential energy,the kinetic energy,energy isrel eased,then massis reduced. The separated
massis
000 mgo O O mgo O xmgo O Xmgo
O x(meo 0 mg)

(2)

thismassis transformed into two photons,one is the annihilation process.Set the frequency of
the emitted photonsisv ,then
[J O The energy of two photons] 2hv

3)

(2)0 (3),and consider(1),then
0 O x(mgy O mgn )C20 2hv

(4)
because of the photon is chargel ess and neutral ,the mass of the negative and the positive
electron is same,i.e.mgo U mgn [ mJ mg is the mass of electron.Also because of

O0Ov Oc/A
(5

(1 O From (4),(5),0ne obtain
OOA Ohxmg)2 !

(6)
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(6) is homologous with de Broglie formulathe mass of this corpuscle is xmy,its velocity isc

(de Broglie formulaisA /(mv)).In the derivation of (6),[] assume first the electronis
divisible,it can be divided infinitely;Next [ assume the electron possess the charge e~ and
the mass mgo ,the €Y and the mgn are distributed uniformly in the noumenon of electron,and

0 el isadirect proportion to [ m,.

[J O The establishment of hydrogen atom model of Bohr first assumed the centrifugal force
egual the electrostatic attraction,i.e.

O O mgu?/r0 kZe2/r2

(7)

in(7),Z00 1 for the hydrogen atom,u is the linear velocity of orbit of satellite electron,r isthe
radius of circular orbit of electron.
[J O The second assamption of Bohr is that the angular moments of the orbital electron must

be the positive integerstimes of 7 0 h/(2mt )(h is Planck constant),or

OO0muurdn™

(8)
nis called the main quantum number.From(7),it is obtained the kinetic energy E,,
thepotential energy E, and the total energy E of the orbital electron are
. kete - ket
L'-:i:| — 2 - 4 E|:|;|| — r L
feve
f=— 5
(9)

let RO (411 k2)e*mg(8h)U 15 Rydberg constant,from(8) and (9) obtain

00E,00RM2
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(10)
(10) show E, on n orbit is always the negative,and is in the inverse propotion with n2,
[0 O Now using the frequency condition of Bohr
00 0EOhv
(11)

the electron has transited from m orbit to n orbit(mC! n),and has separated out U mg,[1 mgxc
ought to have equaled [J E,then

000 EQ E,0 B0 O mee?0 xmge?(0 mgd xmy)
or
201 2\0 1p(n0 20 mo 2
O O xd (mged)™ (B0 Ep)d (M) "R(N- "0 m- %)
(12)
(12) point out:* the electronic fragment (L mg,[J €)” (or calling as the whelp electron)
which is separated out from the orbital electron hasbecome the photon,thisis aso the
quantization due to m and n are all the positive integers.From(6) obtain
0 O xO h(mgeh )21

and from A the x can be calculated,the result is shown as table 1.

Table.1d x-A relation

A | 656.3nm | 589.3nm | 486.1nm |24.4x10° *nm |12.2x10Z *nm

X |3.27x102 © |4.14x100® |5.01x100 © 1.00 2.00
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[J O From Table.1 one can show:in visible light wave band,the orbital electron has separated
only alittle part of mass,it is passable,but in X-ray wave band this need the annihilation of a
whole electron or more electrons. Therefore this need the electrons(s) is(are) injected from a

outside.The explanation is as follows.

[1 O The process of X-ray generation is that the fast electron (V) is hited on atarget(e.g.W-
target),then W-target output the neutral X-ray(hv ),according to Hunt law10,eV0 hv o

thisisthe conservation of energy,and is indisputable.If the conservation of charge is futher
considered,then the input is one e ,and yet the output is the neutral photon,there isthe eigen
X-photon and the bremsstrahlung X-photon,has this input el ectron gained the positive
electricity from there to neutralite? consider that is done only from the atomic nucleus of the
target. Therefore the mentioned model of photon is also the applicable to generation of X-ray.
The process can be

understanded as Fig.3,an accelerating eletrone” is attracted by atomic nucleus Z o,

theelectron has revolved around the nucleus Z o ,and it carried the same quantity

positiveel ectricity and radiated out the photon,the

negative whelp electron or the electron yet rotate around the positive nucleus,the negative
and the positive annihilated to become X-ray.In thisprocess the material of target surface
generatethe isobar.It is the able to the target of theformer X-tube is analysed by a mass
spectrometerto confirm the theory.

Fig.30 The accelerated electron e- has entered the
nucleus field,and has obtained the positron,
then annihilated to generate X-ray

[0 O (7) is applied for the emitted photon,then

0 O xmgu kxeH xel /r

0 O xm, is the mass of satellite of photon,xe™ isthe charge of nucleus of photon,xe isthe
charge of satellite of photon,or
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0 0 w20 kxe2(my)0 L

(13)

uin (13) isavelocity of satellite(e Y O xe ) on orbit,r is aradius of orbit.Continue to use a
general treatment method of wave,one circle which satellite rotate around nucleus is decided
on one wavel ength,the phase becomes from 0° to 360° during one circle rotating around
nucleus,from(8) and (13) obtain

r=un frEACmbre™) !

substituting x in(6) into the above equation,
obtain

r=n’ FrealBmbe® ) !
(14)

(14) show that when A isvery small,e.g.X-ray,y -ray,thenrisalso very small,the photon fly
by aline approximately.But when A isvery long,e.g.microwave,thenr is aso very long,it
can spread all over the space. The wave property of longer wavelength light and the
corpuscular property of shorter wavelength light are unified Eq.(14).

30 Explainning therefration,ther eflection,the diffraction,theinterference,
thell linear

polarization with Brewster angle

[J O The photon enters a dielectric,the dielectric can damp merely the travelling velocity of
photon,therefore the the light velocity in adielectric ought to be smaller than the lightvel ocity
In vacuum,this generated the refraction law(Fig.4)

i
I medium n'

B

WACULITEL
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[0 O Fig.40 Therefraction law

7'

' ={‘,-’f”f.*=%ﬂf AR sing /sy’

The law of reflection can be obtained byNewton' s treatment method.
[ 00 Because of the photons have rotated,therefore they possess phases,the phases vary
versus optical path,the interference and the diffraction are easily explained(Fig.5,Fig.6).

[J O Fig.50 The interference generation

d=2""ni
bright fringe of diffraction

o = nd
black [ringe of diffraction

[0 O Fig.60 The diffraction generation

When the light is reflected with Brewster angle,the linear polarization has appeared,thisis
due to arotation of the sideway photons,shown as Fig.7.

[0 O In the fundamental particles,thereisthe neutrino,in 1950" sits existence had been
proved experimentally. The neutrino has unelectrified,on the one hand it is travelled always

with light velocity,don’ t rest always as the photon®,and on the other hand it also have more
somethings in common to the electron and the muon. Thephoton in my model is the neutral,

and itsvelocity is the same to the neutrino.In test,e/3 had been obtained,i.e.one electron is
separated into three microparticlest?.
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Brewster

angle

Fig.700 The linear polarization under Brewster angle

[J O From a heredity of bionics of parent body and child body,the electron motions have
how many kinds,then the photon models have how many kinds.The electron motion of circle
orbit isasimplest kind of these motions.The others which shell structures of hydrogenlike
atoms are shown as Fig.8 can have all to constitute thephoton models.The second kind
simpler model is the rotating dipole,one travel by the straight line velocity c,uptoitis
absorbed or collided.An electronic pair in motion generate the magnetic field H as Fig.9,and
also generate the electric field E,E and H are obviously set perpendicular to each other,and
all perpendicular to motiondirection of photons,thisis the Poynting[d] theorem.

Wm=1  dm=0 Al m =13 Hm=2

Fig.80] The probability distribution of electrons on
H-atom orbit
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Fig.90 The positive and the negative whelp electrons travel by light velocity ¢ and generate
EandH

[J O At last,Zeeman effect and Stark effect are explained using the mentional model of atom
|umi nescence.

[J O H.A.Lorentz had proposed that thetheoretical base of Zeeman effect is that electron
motion in atom (e.g.H) isinfluenced bymagnetic field to affect luminescence state of the
electron(the circular polarization,the planar

polarization,the eliptic polarization). Theorbital electron of hydrogen atom in magnetic field
Is acted Lorentz force generated bymagnetic field,then,if the left-handed electron of orbit is
acted by the centripetal force,the right-hand electron of orbit is acted bycentrifugal forceld F

O mw 2r0d 41t 2v 2mr.

0O O dFO 8 2v mrdv

(15
and Lorentz forcell tev H[I xew rHO 21t v reH,Lorentz force just is dF,then
O 0OdFO +ev HO 21t v reH
(16)
from (15)J (16),obtained
O 0Odv O xeH/(4t m)
(17)

[J O Thisisthe longitudinal Zeeman effect,due to the orbital frequencies have two kind,then
original spectral lineis separated to the left line and theright line,and are all the
circularpolarization(Fig.10).If it is observed at the transverse,then the sides of the left and the
right (two) circular polarizations,that is theplanar(i.e.linear)polarization,and also have two
frequencies(Fig.10).
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[ O Asfor Stark effect,because of the orbital electron is acted by aforce from the
appliedelectrical field,its orbit is changed,this can be described using the cubic model of R.

W.Wood!!l, The atomic level =[] E is enhanced a change of the orbit[] so the symmetric split
of line has generated.

RN - —-——f{

O
0 O

Fig.1000 Zeeman effect. The left and the right circular
polarizations are generated in H direction,the linear polarizations are generated in the
direction popendicular to H

401 Discussion

[1 [J 1)0 The photon in this paper is analogous to positronium,the positronium is combined
one positive electron €Y and one negative electron e.The positronium has positioned 1s
state,andcarry not electromagnetic wave.

[J O The photon in this paper has contained thepositive nucleus and the negative electric
satellite,but it travel by the velocity c,and carry an electromagnetic field. Thisis explained
asfollow:

[0 O Thelinear velocity,which is that of theorbital velocity u(Eq.(7))of the negativesatellite
in the model of photon on the orbitclosing best to the nucleus of hydrogen atom,is 0.007 c¢,so
the positive nucleus and the negative satellite can be considered the positive whelp electron
and the negative whelp electrontravelling by the same velocity in the samedirection,from the
electricity principle,this has generated the magnetic field,the magnetic field of both are
added each other,and they are not counteracted each other,so the photon hascarried the
magnetic field. The electron paircontaining the positive and the negative whelp electrons has
carried the electric field

popendicular to H field. Therefore the photon model and positronium are two entirely
different things(Fig.9).

[0 O 2)Two photons are generated once in the model ,thisis a contradiction to the testing
results of photoelectric effect seemingly,but the formula of photoel ectronic effect of Einstein
and the test of Milliken had all pointed out one

photon has only obtained one photoel ectron,it seems the photon and the photoel ectron are
one-to-one correspondence,now it is a problem for the positive-negative whelp electron pair
generate the photons,| consider the opportunity more to generate two photons than to do one
photon.If it generates one photon,so obtain
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O OA O h(2xmg) h/(20 mL)

the above formulaisinconsistent to de Broglie formula. Therefore the probability to emit two
photonsis still the more.

[0 O 3)The emissions of X-ray have two kinds,the first kind is the characteristic X-ray,the
second kind is the continuous X-ray.Thecharacteristic X-ray is generated from theinternal
shell levels of atom,e.g.thecharateristic X-photon of wolfram target ka ,the wavelengthis

213x.u(0.0213nm),according to 2hv 0 mc2,m0 2.06x107 3kgis cal culated,i.e.0.2mgf the

accelerative electron with 2x108V is shoted to wolfram target,m is calculated using eV [
mc2,s0 m= 4m,,excepet to use forgenerating the characteristic X-ray,the other al has

acquired the positive charge and the mass from nucleus,and has annihilated to generate the
annihilation radiation,the such energy ought to be dlightly smaller than the annihilation
energy of x[1 2(Table.1).The positive electron and the mass are looted from nucleus in W-
target,so this ought to appear the isobar,but thisisto be proved by the mass spectrographic
analysis.From the model it isinfered that this kind of particle has existed in atomic nucleus,
which one positive charge is carried and it has possessed afew mg orx10mg(mg isthe

intrinsic mass or the static mass of electron).
0 O Thereis one atomic nucleus Ze in O on Fig.11,the accelerated electron e~ possess the

energy eV ,and fly through Ze side with ahyperbola or a parabola orbit,the beelinedistance
of thisorbit from nucleusisp ,I consider that the incident electron can be trapped by atomic

nucleuswhilep - 0,s0 Ze" isbecometo (Z-1)e" ,the characteristic line of emission of (Z-1)

el ought to leave a shift from Ze- .Just as Moseley law pointed out,the probability is not
large,but it is the possible,this can bedetermined by an experiment.

[0 0 Fig.110 The emission of characteristic X-ray

[J O Based on the experiment of annihilation of the positive and the negative electrons,|
propose the conditions of a nnihilation as follows:

ODo01n0ef0d0eld00eld0 el ddothisisthe conservation law of charge.

file:///E|/qk/gzxb/gzxb99/gzxb9901/990101.htm O O 140 17 O O 2010-3-22 21:33:35



0 0 00990101

OD020mPO00mBO0O0mEO0mE 020 mO 2E/c20
O O thisisthe principle on EC mc2.E is energy or

003)00xm2o(10B Y2000 0 xm? (108 92 Y20 0

0 O x4 is the particle numbers of mt 40 x, is the particle numbers of mH .For €2 [ e~
annihilation,x;0 x50 1;For the proton and the antiproton,x;J X, can reach 1830.

0 O Based on 3),if x40 x,0 10 and B 100 B ,0 O,thisise” e pair annihilation when the
positron and the negatron are all in the stationary state. Andif B {0 B 0B 0O €e” e pair

can annihilate aso when the positron and the negatron havetravelled in the same direction
and with the same velocity.
0 O In addition,if B 1# B »,e- € pair isaso able to annihilate,e.g.one negatron e~ with

1meV can merge and annihilate to the particle which the mass inside nucleus is 3m, and

electrify a positive charge.lt is explained as follow.
[0 0 In 3),letting x;0 10 B 4100 v4/c,B o0 O(i.e.pointing to the static positron inside nucleus),

so from 3),x[0 3.This show that if an existence of the annihilation radiation is proved with
anexperiment,one can predict that the positiveparticle with the charge €Y and the mass x,m,

o exist in the nucleus,the whelp meson can be named,x,0 1,2,300 O correspond to eV [
0.5,1.0,1.5(meV)0 ;If the electron can be separated also,s0 X, may be a non-integer number.

Here the input energy is €V ,and the output energy is 2eV,one eV of them is take-off from
atomicnucleus.If this emission of double photonsis proved using an experiment,so thisisa
method of take-off nucleus energy,and this is thecontrolled energy of nucleus,aswell asis
one controlled reaction of nucleus.Here a hightemperature is not used.

5[0 Conclusion

[1 [J The photon model have the followingadvantages more than Bohr model of
luminescence:

[0 O 100 )0 Bohr model accomplishments areabsorbed all.

[0 O 2)The wave-particle duality is unified,the corpuscle property of the shorter waves(e.g.X-
ray,y -ray)and the wave property(Eq.(14)) of the longer waves(e.g.the infrared wave,the
ratio wave)are explained separately.

[J O 3)It is expounded clearly:the photon carries a electromagnetic field,and have a phase,
both is the neutral particle and an electromagnetic source of wave.

[J O 4)The microcosmic explanations are all made for the refraction,the reflection,
thepolarization,the interference and the diffraction of light.

[J O 500 ) Poynting theorem is explainedmicrocosmically.

[0 O 6)Zeeman effect and Stark effect can beexplained.

[J O 7)This photon generation model has used the annihilation radiation principle of the
larger and the smaller electrons andiit is explained for the generation mechanisms from the
longer wave(the microwave)up to the shorter wavesincluding the microwave,the far infrared,
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thevisiblelight,X-ray uptoy -ray.The all wavesto be generated by the electronsinside
atom are sumed into this model.

[ O 8)Itispredicted akind of particle hasexisted,which carries the positive charge €Y and
possesses a few mg tox10m,.

[J O This photon model has been spreaded from the theory of annihilation radiation of
professor Zhao Zhongyao,whether or not it can standtrials,this have yet to be proved from
now on by direct and indirect experiments.

[0 O This paper has obtained the cordial helps of professor Zhao Zhongyao,l express
heartfelt thanks to him!

Chinese edition of this paper was published at [1 High Speed Photography and
Photonics] ,1980,9(1):10 10

[0 O An academician of Academia Sinica,Opticist Gong Zutong(Kung Tsu-
Tung),1904.11.101986.06.26,was born in Chuansha,Shanghai,China,had graduated from
Qinghua(Tsing-Hua)University in 1930,studied the applied optics in Berlin Industrial
University,Germany,and finished off school work of his doctor in the same university on
1936.He assumed office as the director of Xi' an Institute of Optics and Precise Mechanics,
Academia Sinica,during hislifetime.

[0 O Gong came back to China soon after the beginning of the Anti-Japanese War and
manufactured China sfirst military telescopes.He successfully manufactured the first batch
of optical glassin Chinaand trained alot of technical personnel.Later,he lead the
invesigation and development of China  sfirst

infrared hight-vision telescope,first electronic microscope,first high-speed camera,etc.He
madeoutstanding achievementsin leading and guiding research on optical instruments,fiber
optics,optics with variable refractive index,infrared night-vision and electronic optics and so
on.

Translator resume

[ O Professor,poet Cheng Xiwang was born on July 9,1942,in county of Zhouzhi,Shaanxi,
China,is the managing editor of Acta PhotonicaSinica,in 1966 he graduated from department
of physics,NorthwestUniversity,Xi' an,China.He published 30 optical papers,4 trandative
books on optics,edited An English-Chinese Terms Directionary of Optics and Photonics,and
wrote 300 Chinese poetries of classical form.The Cheng Xiwang Autosel ections had been
published by The Science Press and The Longmen Press.
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