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Abstract 

According to the classical theory of electromagnetism, charged particles radiate electromagnetic waves when 
they are accelerated. However, actual situations are not completely the cases. For example, only when electrical 
current oscillates, antenna radiates radio waves. If parameters are not proper, no radio waves are produced. 
Although in both situations, electrons do period accelerating and decelerating motions. When electrons collide 
with atomic nucleus, braking radiation takes place. But electrons do not radiate when they are accelerated in 
uniform electric field. In synchrocyclotron, electrons radiate, but in electron induction accelerator, no radio 
radiations were founded (J. Blewett experiment). In fact, in the common loops of alternate or direct currents, as 
well as in the current loops made from low temperature supper-conductors, no radiations are found. A more 
foundational fact is that electrons do not radiate when they move around atomic nucleus and atoms are stable. 
These facts contradict with classical electromagnetic theory. We have no rational explanation for them at present. 
It is proved in this paper that the forms of forces can not be arbitrary in the dynamic equations of relativity. 
Otherwise the motions may become impossible. In order to make the motions possible in electromagnetic field, 
charged particles have to radiate. It is proved that the longitudinal velocities of charged particles in the uniform 
magnetic fields would exceed light’s speed in vacuum, and therefore the motions are unstable and charged 
particles have to radiate. In the center electric fields, the motions of charged particles may be both stable and 
unstable depending on the actual situations, and they may radiate or not radiate. Therefore, acceleration is not the 
real season for charged particles to radiate. The real one is the instability of relativity motion. The essence of 
antenna radiations is proved to be the braking radiation and the braking radiation is the effect of relativity 
actually. The radiation damping forces should be added in the motion equations of relativity to describe charged 
particle’s motions in electromagnetic fields when they radiate. The forms of damping forces are deduced. The 
synchrocyclotron oscillation of electron’s obits at longitudinal direction is obtained automatically. It is proved 
that if a proper electric force is acted at the direction of velocity, the relativity motion of electron in magnetic 
field will become stable so that it may not radiate. In this way, we can establish high energy synchrocyclotron 
without or less synchrony radiation losses. 

Keywords: special relativity, electronic induction accelerator, synchrocyclotron, electromagnetic wave, 
synchrony radiation, braking radiation, resistance thermal radiation 

1. Introduction 

According to the classical theory of electromagnetic field, accelerated charged particles radiate electric waves. 
This kind of radiation is related to the retarded electromagnetic field and can be propagated to far place, while 
the electromagnetic field which is unrelated to acceleration decays rapidly in short range. If particle’s 
acceleration is parallel to its velocity, the power of radiation is 
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Here V  is retarded velocity and a  is retarded acceleration. If particle’s acceleration is vertical to velocity, 
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the power of radiation is  
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However, actual situations are not always the cases. In certain situations, charged particles radiate, but in other 
situations, they do not. For example, we use alternating electric field to drive electrons moving in radio antenna. 
Experiments show that only when electrical current oscillates, antenna radiates radio waves. If antenna’s 
conditions are not proper so that currents do not oscillate, no radio waves are produced, although in both 
situations, electrons do period accelerating and decelerating motions.  

In fact, electrons do not radiate when they do uniform acceleration and deceleration motions in uniform electric 
fields. A simple case is the process of producing X-ray. By adding high electric voltage on the both poles of 
cathode-ray tuber, electrons emitted from negative pole are accelerated. In this case, we can only observe the 
phenomenon of electric discharge of gas. We can not find electron’s radiation. However, if a metal target is 
placed between positive and negative poles, X-ray is produced when electrons hit on the target. This is so-called 
braking radiations caused by collisions between high speed electrons and static nucleus. In the process, electrons 
are decelerated rapidly. The question is why electrons do not radiate when they are accelerated in cathode-ray 
tuber?  

Besides, in electrostatic accelerators and high voltage electrostatic accelerators, electrons do not radiate. 
Experiments only show that charged particles radiate when they move in synchrocyclotrons where magnetic 
fields exists. Meanwhile, radiations only appear on the turning parts of electron’s obits (Liu zuping, 2009.), not 
appear in the linear parts of accelerators, unless we use wigglers and oscillators. Why is that? We have no 
rational explanation at present. 

In fact, in wigglers and oscillators, we use magnetic fields with direction alternate variation to produce radiation 
or free electron laser, rather than using electric fields. However, if electric fields with direction alternate variation 
are acted at the vertical directions of electron’s velocities, the orbits of electrons can also wiggle. Whether or not 
can free electrons lasers be produced? It seems no report at present. This is a foundational problem for the 
essences of electromagnetic radiation. Physicists should pay attention to it. 

The finding of synchrotron radiation light is dramatic story in the history of accelerators. American General 
Electric Company had an electron introduction accelerator with energy 100MeV in Schenectady, New York State. 
Physicists J. Blewett tried to find electron’s radiation when he regulated the accelerator in 1944. Blewett used a 
very sensitive detector with frequency extent from 50Hz to 100MHz. But he found nothing no matter where the 
detector was placed, insider or outside the vacuum cavity of electron induction accelerator (John, 1946). 
Although according to (2), the radiation power should be quite large for electron’s speed had been very close to 
light’s speed in vacuum. 

In same laboratory, Pollack established an electron synchrocyclotron with energy 70MeV in 1947. Because the 
vacuum chamber of accelerator was transparent, a worker found visible light’s radiations accidentally (Xi, 1998). 
The light was called synchrotron light later with continuous spectrum, though mainly concentrating on visible 
light band. In theoretical deduction, there should be radio wave’s radiations too in electron introduction 
accelerator. Although the energy of Blewett’s accelerator was 30MeV higher than that of Pollack, why Blewett 
did not find them? No one investigated this problem deeply up to present days. Physicists only explained that the 
frequencies of Blewett’s detector were too low and the frequencies of synchrony radiations exceed the extent 
greatly so that radiation can not be found. 

However, the mechanism of electron induction accelerator is different from that of synchrocyclotron. In 
synchrocyclotron, electrons are only acted by magnetic force on the curved turning parts of obits where electrons 
radiate. But in electron induction accelerator, beside the action of magnetic fields, there exists electric field’s 
actions which is along the direction of electron’s velocity. Whether or not electron’s radiations are affected by 
electric field? No research was reported. Physicists only thought that visible light’s radiations should also exist in 
electron induction accelerator. But no person practically opened a window in the vacuum chamber of electron 
induction accelerator to see whether or not there were visible lights really. Physicists need to repeat the 
experiments of Blewett to make certain whether or not electrons radiate visible light in electric induction 
accelerator.  

In fact, there are many other experiments to reveal that changed particle’s radiations do not depend on whether 
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they are accelerated. For example, in the common loops of alternate or direct currents, as well as in the electric 
current loops made by low temperature supper-conductors, no radiations are produced (The thermal radiation of 
resistance is not considered). The radiation described by (2) is concentrated on the direction of electron’s 
velocity mainly. This is different from thermal radiation of resistance with isotropy. Their engineers in 
Schenectady’s laboratory even told Blewett that electrons moved in electron induction accelerators just as they 
moved in the loops of direct currents, no radiations could be produced.  

A more foundational problem is that whether or not electrons radiate electromagnetic waves when they move 
around atomic nucleus. This problem even bothered Rutherford seriously when he proposed the atomic model. If 
electrons radiated, atoms would be unstable. After quantum mechanics was established, this problem was 
considered meaningless, for an electron is simultaneously regarded as a wave without fixed orbit. However, the 
problem still exists, because we can still ask why electrons do not radiate when they move in macro-loop of 
electric current? It is calculated that in supper conductor electrical current loop, the electron’s radiation is 
significant according to classical electromagnetic theory so that a stable electric current is impossible. However, 
this is not true. Why there is such situation? We should have a rational explanation. 

Based on dynamic equation of special relativity, the motion stability of charged particles in electromagnetic 
fields is studied in this paper. It is pointed out that the radiation of charged particle is actually the effect of 
relativity. The forms of forces can not be arbitrary for the motion equations of relativity. Otherwise, in certain 
situations, the motions may be impossible in theory and unstable in practice. It is proved that the longitudinal 
velocity of electron in magnetic fields would exceed light’s speed in vacuum and violates the principle of special 
relativity. In order to make the motion possible, electrons have to radiate. By means of radiations, charged 
particles change their states so that the motions become possible. 

In the synchrocyclotron, as well as in the collision processes with atomic nucleus, electron’s motions are 
unstable and they have to radiate. But in the electronic induction accelerators, electron’s motions may be stable 
and do not need to radiate. In the center electric force fields, electron’s motions may be both stable and unstable. 
Electrons choose stable orbits automatically and do not radiate so that atoms are stable. 

The reason to cause the braking radiation is discussed. It is proved that braking radiation is the effect of relativity. 
When charged particles move in the electric fields of atomic nucleus, the motions may be unstable under some 
conditions so that electrons have to radiate, that is so-called braking radiation. The essence of antenna radiation 
is also braking radiations actually. 

In the current theory, there are no damping forces in the motion equations of charged particles. The equations can 
not describe real motions of particles when they radiate in electromagnetic fields. In this paper, the items of 
damping forces are added in the motion equations of relativity. The concrete forms of damping forces are derived. 
The synchrocyclotron oscillation of electron’s obits in longitudinal direction is obtained automatically. It is 
proved that we can make electric motion stable in magnetic field by adding a proper electric force at the 
direction of velocity so that electron does not radiate. In this way, we can establish high energy synchrocyclotron 
without or less synchrony radiation losses.  

We should change our way of thinking in the problem of charged particle’s radiation. Not acceleration leads to 
radiation, but radiation is related to acceleration. If relativity motion of charged particle is stable, accelerated 
particle does not radiate. If particle does not radiate, the formula of radiation in classical theory of 
electromagnetism does not apply. And it no longer matter for the statement that acceleration caused radiation. In 
this way, we can obtain a logically consistent theory which matches well with experiments.  

2. Analysis on the Result of Blewett’s Experiment 

Electrons are acted by both electric field and magnetic field simultaneously in electron induction acceleration. 
Electron is restrained in the orbit by magnetic field and is accelerated by the induction electric field which is in 
the direction of electron’s velocity. The energy of electron introduction accelerator which Blewett used was 
100MeV. In principle, radiation should be observed. But it does not in practices. In order to explain this result, 
physicists consider the effect of Doppler’s effect. When electron’s speed is close to light’s speed, light’s 
frequency increases several orders of magnitude, so that it can not be detected on the band of low frequency (Liu, 
2009.). However, thing is not so simple. According to the Doppler’s formula, when light’s source moves, 
although frequencies become smaller in some directions, they become larger in other directions. Suppose that the 
velocity of light’s source is V, the proper frequency of light is 0 , the frequency observed by observer who is at 
rest in static reference frame is . The Doppler frequency shift formula is 
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When electron moves around a circler in synchrocyclotron, the power distribution of electromagnetic radiation is 
shown in Fig.1. According to the kinetic energy formula of relativity, the speed of electron with energy 100MeV 
is cV 99999.0 . In the direction of   , we have 392/ 0  . It indicates the blue shift of spectrum. 
Frequency becomes 392 times larger. But in the direction of 0 , we have 002.0/ 0  , indicating the red 
shift of spectrum. Frequency becomes 500 times smaller.  

The frequency extent of radio super-long wave to medium wave is HzHz 53 103~103  . The frequency extent 
short wave to super-short wave is Hz86 103~103  . The frequency extent of microwave is Hz118 103~103   
and the frequency extent of far infrared light is Hz1211 103~103  . According to (3), even the frequencies of 
medium and long wave band increase several hundred times in the direction of   , they are still located in 
the extent of short wave and supper short wave bands, far from infrared band, no mention of visible light band. 
In the direction of 0 , the frequencies of radiations decrease 500 times. The frequency extent of detector 
which Blewett used is HzHz 810~50 . In principle, it was impossible for Blewett that he could not find the 
radiations of radio waves if they exist really. 

 
Figure 1. The spatial distribution of radiation power for electron’s circle motion 

 

This thing is very strange. It must have same blind area in principle of physics which we have not understood. 
Physicists should repeat the Blewett’s experiment. Not only in the band of radio waves, but also in whole extent 
of electromagnetic radiations. We need to find truth. This is significant for both theoretical and experimental 
physics.  

3. The Relativity Motion of Electron in Uniform Electric Field 

We only discuss the radiations of charged particles based on macro-physics in this paper. The effect of quantum 
mechanics is not considered. Suppose that electron’s charge is q , mass is 0m , velocity is V
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Substitute (6) in (5), we get 
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Suppose that electron does linear accelerating motion in uniform electric field E  along the direction of x  
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axis, the equation of motion is 
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By taking the differential on the left side of (8), we have 
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Here dtdVa / is acceleration. On the other hand, by considering dtdxV / , (8) can be written as  
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Suppose that electron’s speed is 0V  when 0xx  , taking integration by parts, we get 
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When x , we have cV  . This kind of motion is possible and stable. According to this paper, electrons 
do not radiate. The conclusion coincides with experiments.  

If retarded quantities are used in following calculations, let aa   and substitute acceleration shown in (9) in 
(1), we obtain the radiation power of an electron which does linear accelerating motion  
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Electron’s static mass is Kgm 31
0 1011.9  , charge Cq 191060.1  . Suppose that electric field intensity of 

linear accelerator is mVE /106 , the distance electron is accelerated is mxx 1000  . According to (11), 
electron’s speed is cV 999987.0 finally. According to the formula of relativity, the kinetic energy of electron 
with speed cV 999987.0  is 91015.3 T . According to (12), the largest radiation power of electron is 

WP 19
11 1075.1  . Suppose that electron is accelerated from initial speed 0V  to cV 999987.0 , the average 

speed is c5.0 . The time electron expends is 7
1 1067.6 t when it travels 100m and the energy it radiates is 

JtPE 25
111 1017.1  , which is far less than electron’s kinetic energy. According to this rate of radiation, it 

needs 571108.1/ 10
112  sPTt years for electron to decrease its speed from c to zero. Suppose that the 

wave length of light radiated by electron is m7107   (red light) with energy JE 19
2 1084.2  , we have 

7
21 1012.4/ EE . It means that photo’s number radiated by electron in whole accelerating process is far less 

than one. Due to quantification of photon, no photon is radiated by electron in the accelerating process actually.  

This result coincides with practices. Experiments show that electron’s radiation can be neglected in linear 
accelerator. However, in the processes to product x-rays, when electrons are decreased by metal target, strong 
breaking radiations are caused. Let’s estimate the accelerations in two situations. According to (9), we take 
electron’s average speed as c5.0 , electron’s acceleration is 217

1 /105.2 sma  . Suppose that thickness of 
metal target is 0.1m, electrons hit target in a speed nearing light’s speed. When they leave the target, the 
speeds become zero. The average speed is also c5.0 . So the time electrons pass through the target is 

st 101067.6  . According to the formula 2/2atl  , electron’s deceleration is 217
2 /105.4 sma  . Both 

1a  and 2a  have the same magnitude order. Why do electrons not radiate when they are accelerated in 
linear accelerator, but have strong radiation when they are decelerated by metal target? The current theory 
can not explain this problem.  

It is discussed below that whether or not electron radiates depends on the stability of relativity motion of charged 
particles in electromagnetic fields. According to (11), electron’s motion is possible and stable, so it is 
unnecessary for electron to radiate. In fact, if electron radiates, there is radiation damping force. The radiation 
damping force should be added in the motion equation. However, there are no items of radiation damping forces 
in (4) and (8), so they can only describe the stable motions of charged particles.  
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4. The Relativity Motion of Electron in Period Electric Field 

4.1 The Relativity Motion of Electron Acted by Period Electric Field in Free Space 

Let’s discuss antenna radiation and prove that the boundary condition of antenna is very important for electron’s 
radiation. At first, we discuss the relativity motion of charged particles acted by period electric fields in free 
space. So-called free space is the space without other material besides electrons and electromagnetic fields. 
Electron’s motions are not restrained by the condition of boundary. Under the action of period electric field 

tEE sin0 , the relativity motion equation of electron is  
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It can be seen from (15) that we have 1/ cV . Because there is no restriction for the value of 0xx  , (19) is 
also possible. So it is unnecessary for electron to change its state through radiation. By taking the differential of 
(13), we obtain acceleration 
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Substitute it in (1) and let retarded quantity with tt   approximately, the radiation power of electron is 
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The result is the same as (12). Take mVE /103
0  and 510 . When 1sin t , we have the largest radiation 

energy WP 25
11 1075.1  . The average power is WP 26

11 1080.8  . According to (15), the maximum speed of 
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electron is cV 99977.0 . Using the formula of relativity to calculate, the maximum kinetic energy of electron is 
J121088.3   and the average kinetic energy is JT 121094.1  . The time for an electron to radiate out all its 

kinetic energy is 13
11 1020.2/  PTt (about 700 thousand years).  

We use this result to the transition of alternating current. Suppose the average current intensity is AI 01.0 . The 
average speed of electron is cV 5.0 . It means that there are 81017.4   electrons to pass the cross section of 
wire in a second, or there are 81017.4   electrons in a wire of length 1m to do accelerating motions. The total 
power of radiation is W181067.3  . This is a very small value so that there is no radiation actually. In fact, 
experiments show that if the thermal radiation of resistance is not considered, the transition process of alternating 
current in a long enough wire has no radio wave radiation.  

However, if electrons move in an antenna with limit length acted by period electric fields, we can observe 
obvious radio wave radiations. For example, for an antenna with length 1m, using V1000  transformer as power, 
we have mVE /103

0  . The oscillation frequency of LC circuit is 510 ( radio medium wave with wave 
length 478m) and the current intensity is AI 01.0 . Generally speaking, the equivalent resistance of antenna can 
be taken as  50R . Therefore, the radiation power of antenna is WIRP 5.122/2  , 181041.3   times more 
than electrons did in free space!  

Why the results are so different, there is no explanation in the current theory. However, both are experimental 
facts. There certainly exist same mechanisms which we do not understand currently. We discuss them below.  

4.2 The Radiation of Antenna 

It is proved below that in the period electric field with finite boundary; the relativity motion of electron is 
restricted. The electrons at the ends of antenna with high speeds will be decelerated suddenly to produce 
breaking radiations. In the medium part of antenna, electrons are also decelerated to produce breaking radiations 
when they travel nearby atoms fixed in crystal lattices. That is to say, the accelerating motions of electrons in the 
period electric fields are not the reason of antenna radiations. The breaking radiation is the real reason of antenna 
radiation. Similarly, taking antenna length 1m, mVE /103

0   and 510 , we have 
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The extent of values on left side of (23) is 1~1  , but the values of the right side is nearby 1 . Therefore, (23) 
can not be tenable. For example, when  /t , we have 0sin t  on the left side of (23). But the right side 
of (23) can not be zero, unless 2/~/0  cxx  . It means mxx 4710  , greatly exceeds the antenna’s 
length 1m. If )2/(3 t , 1sin t , we should have mxx 9420  . Therefore, (23) can not describe the 
normal motions of electrons in the antenna with length lm.  

We suppose 2/0    in the discussion above. If 2/0   , (16) can not be integrated. However, because 
physical process has nothing to do with the selection of initial phase, the conclusion still holds in general 
situations. For example, if we neglected the second item in the bracket on the right side of (19), by considering 
the magnitude order of (22), (19) becomes 

0085.0~0085.0)(sinsin 0 
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The formula is still untenable. However, the antenna with length 1m, mVE /103
0   and 510  can be made 

practically. So we have to describe electron’s movement in this antenna in following forms.  

When 0sin t , the direction of electric force is positive. Electrons in the antenna move along positive 
direction. When they arrive at one end of the antenna, the motions are obstructed so that all electrons are stopped 
on the end of antenna. Corresponding positive charges appear on another end. Until the time when the direction 
of electric field is reversed with 0sin t , all electrons move along the opposite direction and stopped on 
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another end of antenna at last. These processes are repeated so that oscillations are caused and the radio waves 
are radiated. In fact, experiments indicate that if there are no oscillations, there are no antenna radiations 
(thermal radiations of resistances are not considered), even though electrons actually do accelerating motions 
acted by period electric field. If antenna is long enough, electron will not be accumulated on the ends of antenna. 
In this case, it is only the motion of alternating current in wire. It is not the oscillations of antenna and no radio 
waves are radiated. 

From microscopic point of view, electrons can not break away from wire when they move to the ends of antenna. 
Acted by the electric fields of atoms on the ends of antenna, electrons are suddenly decelerated. The radiations 
are produced which are just breaking radiations. In the medium part, electrons can also be decelerated suddenly 
to produce breaking radiations when they travel nearby atoms fixed in crystal lattices. If antenna is long enough, 
electrons do not reach the ends of antenna when they are acted by period electric fields. The breaking radiations 
will be greatly decreased. According to (19), the radiation of radio antenna should satisfies following relations 
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For the antenna with mVE /103
0   and mxx 5.00  , the biggest frequency is 81042.9  . If it is 

exceeded, the motion will is normal without electrons being decelerated suddenly at the ends of antenna. For 
example, taking 1010 , we have  

       7.160  xx
c


                  4

0

0
1071.1 

qE

mc
 

                4
2

0

0
1071.11 










qE

mc
      5

2
00

1085.5
)/(1

1
arcsin 

 qEmc
      (27) 

(19) becomes 

                 



  5

0
4 1085.5)(sin1072.1sin xx

c
t

                      (28) 

The formula is tenable, so electrons have no radiations. This is the reason why common radio antenna can not 
radiate infrared and visible lights. It is obvious that accelerations are not the essential reason of radiation. The 
braking radiation taking place at the ends and the medium part of antenna is the real reason of antenna radiations. 
We will prove below that breaking radiations are caused by the instability of relativity motions of electrons in 
electromagnetic fields.  

5. The Relativity Motion of Electron in Uniform Magnetic Field 

5.1 The Instability of Motion in Magnetic Field 

Suppose that magnetic fields are uniform along the direction of z-axis, according to (4), the relativity motion 
equation of electron is   
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The second item is peculiar to relativity, we have 0 aV


 in general. It means that the motion is described by 
three vectors. Their directions are the same with  V


, a


 and BF


. Charged particles do spiral motion, in stead 
of circular motion in magnetic fields. As shown in Fig. 1, we have two forms of vector additions. The first one is 

2/   to make the orbit radius of electron becoming smaller. The second is 2/   to make the orbit 
radius of electron becoming greater.  

  



www.ccsen

 

 

Writing (2

Because o

This result
fields viol
force BF


 

radiation d

5.2 Radiat

In the cur
0 aV


. 

 

Let R  re
VB


 , we

The accele

According
to say, if e

However, 
is impossib
in the vac
perturbatio
directions,
departs fro
radiate con

Suppose th

et.org/apr 

9) in the form

f 0cos   in

t is impossible
ate the basic p
can not match

damping force 

tion Damping F

rrent theory o
The motion eq

           

epresent the ra
e obtain from (

         

eration is 

g to the discuss
lectrons do str

strict circle mo
ble in practice

cuum cavity o
ons caused by
, charged parti
om circular mo
ntinuously, unt

hat radiation d

Figure 2

s of partial qua

/1

cos
22

0 


m

cV

am 

n general, from

/1

/
1

2

22




V

cV

e unless V
principle of sp
h with the mot
changes partic

Force and Lon

of accelerator,
quation (29) be

           

adius of circle
(32) 

           

 

sion of (31), if
rict circle moti

otion is only a
es. Due to man
f accelerator, 

y other part o
icles can not d
otion, the prob
til its kinetic is

amping force i

Applied 

 
. Electron’s mo

antities along t

)/1(

/cos
/322

2
0

 cV

caVm 

m the first form

0
2

2


c

     

 , which ind
pecial relativity
tion equation o
cle’s states to m

ngitudinal Osc

, we assume 
ecomes 

      
1

m



e, p  represen

      
q

R 

1

m

qVB
a 

f 0aV


, th
ons in magnet

an idea situatio
ny disturbing f
interactions b

of accelerator 
do circular circ
blem of (31) wi
s completely ex

is fF


, the rea

Physics Resear

64 

      
otion in unifor

two orthogona

0
2/

2


c

     

mula, we get 

   or      

dicates that the
y with speed e
of special relat
make the motio

cillation of Elec

that electrons

(
/ 22

0 Vq
cV

am




nt electron’s r

cVqB

Vm

 22

0

/1

0

22 / F

m

cV B


he problem of e
tic fields, they 

on. It is similar
factors, for exa

between charge
as well as th

cle motions in 
ill appear imm
xhausted.  

al motion equa

rch

rm magnetic fi

al directions V


     
V

am

 2

0

1

s

    
/1

1
2V

e longitudinal m
exceed light sp
tivity. So charg
on possible in 

ctron’s Orbit in

s do circle m

)BV


      

elativity mom

qB

p
      

0

22 /1

m

cVFB 

electron’s spee
do not radiate

r to erect an eg
ample, the une
ed particles in
e dispersions 
synchrocyclot

mediately. So in

ation of electro

 
ield 

V


 and BF


, w

BF
c


22 /

sin
   

0
/ 2


c

      

motions of ele
peed limit. We
ged particles h
magnetic field

n Magnetic Fi

motion in sync

            

mentum, becau

            

           

ed infinite doe
.  

gg which is pos
even magnetic
n particle beam

of initial velo
tron. As long a
n general situa

on in synchrocy

Vol. 4, No. 2;

we have 

          

          

ectrons in mag
e see that mag
have to radiate.
d. 

ield 

chrocyclotron 

          

use RVa /2

          

          (

es not exist. Th

ssible in theory
c field, residua
m, electromag
ocities in diff
as electron slig

ations, electron

yclotron is 

2012 

(30) 

(31) 

gnetic 
gnetic 
. The 

with 

(32) 

 and 

(33) 

(34) 

hat is 

y but 
al gas 
gnetic 
ferent 
ghtly 

n will 



www.ccsenet.org/apr Applied Physics Research Vol. 4, No. 2; 2012 

65 
 

fFBVq
cV

caVVm

cV

am 








)(

)/1(

/)(

/1
2/322

2
0

22

0                     (35) 

Suppose that BFV


  and the direction of fF
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. Taking dot product (35) 
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Taking cross product (35) byV


, we obtain 
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From the formulas above, we get 

 qVBctgctgFF Bf                               (38) 

This is just the relation between damping force and magnetic force. Because of 2/  , the orbit of electron in 
magnetic fields is not a circle. But it can be very close to a circle. We take   2/  and   is a very small 
quantity. We have 1)cos(sin    and   )sin(cos . Substitute them into (38), we get  

qVBFF Bf                                  (39) 

The force fF  leads to the longitudinal motion of electrons, called as the longitudinal oscillation of 
synchrocyclotron which has been verified in experiments. By introducing radiation damping force, we obtain the 
result of longitudinal oscillation of synchrocyclotron automatically. The value of   can be determined by 
experiments. Because   may be vary small, radiation damping force is very small comparing with magnetic 
force. The greater   is, the greater the radiation damping force is. If 0 , electron does strict circle motion 
without radiation. Substitute 1sin   and  cos  in (37), we get 
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                    (40) 

It is approximately equal to (34). So after radiation damping force is considered, the radiation power of electron 
is basically unchanged.  

It can be imagined that if we introduce a force with the form of (38) to replace radiation damping force, 
electron’s motions can also be possible and stable so that they do not radiate in magnetic field. In this way, we 
may establish synchrocyclotron without radiation loss. We will discuss it in the end of this paper.  

The results above also tell us that the forms of forces can not be arbitrary in the motion equations of special 
relativity. If the forms of forces are improper, the motions may become impossible due to the restriction that 
particle’s speed can not exceed light’s speed in vacuum. Electron’s motion in magnetic field is exactly the case. 
Physicists should pay attention to this problem which has been ignored since special relativity was established.  

6. The Relativity Motion of Electron in Electric Center Force Field 

6.1 The Stability and Instability of Motion 

Suppose that the charge of atomic nucleus is Q , the relativity motion equation of an electron in the electric 
center force field of atomic nucleus is 



www.ccsen

 

Due to the
mechanics

rr /


, we o

As shown 
and e


 b
sin(ra 

or  

Because o

Or 
    

       
Figure 3. I

center

When   
fourth qua
quadrants,
quadrants,
so that the

Suppose 
The motio
becomes 
radiate. 

If   is l

et.org/apr 

e existence of
s, the orbit of a
obtain the proje

in Figure 3, b
be  . The d
 co)2/ ra

f 1/ cV , we

            

Impossible mo
r electric force

is located in 
adrants, we ha
   should b
   should b
y have to radia

  is located i
on shown in F

1 ctgtg o

ocated in the 

f second item 
an object in th
ection equation

           

by using the po
direction of F



os and Vr


      

e should have 

           

ode1 of electro
e field, electron

the first and th
ave 0tg . 
be located in th
be located in th
ate.  

in the first qua
igure 3 is pos

or  tgtg  ,

forth quadran

Applied 

m

cV

am



 22

0

(/1

on the left sid
he center force
n in the directi

/1

)(
22

0





cVr

arm


olar coordinate

EF


 is opposit
rVV


 ~ Vr

c
cos  

     
12

2


c

V

cos

cos(cos




           

 
on’s motion in 
n radiates    

hird quadrants
So in order to
he second and
he first and th

adrant, the mot
ssible but (46) 
 i.e.,   . 

nt, the motion 

Physics Resear

66 

cV

caVVm





2/322

2
0

)/1(

/)(

de, electron’s 
e field is an el
ion orthogonal

1(

)((
2

0

2 




Vr

Vrm


e and let the an
te to that of 

 )2/sin(Vr 

/1

sin(cos
2


cV



 sin(cos1

1



cos
) 2

 

  tgtg

         Fig
           

 

s, we have tg
o make (46) t
d forth quadran
ird quadrants. 

tion shown in F
should be sat
If   , el

shown in Fig.

rch

EF
r

rqQ 


3

obit is not a c
lliptic in gener
l to r


 

0
)/

/)(
2/32

2




c

caV


ngle between 

re


. We hav
cosVr . Su

0
/)

2

22


c

cV

 cos/)
 

)1(   tgtg

1         

gure 4. Possib
center electric

0 . When 
enable, if 
nts. If   is l
Otherwise, el

Figure 2 is uns
tisfied. Let 
lectron’s moti

.4 is unstable 

E            

circle. In fact,
ral. Taking cro

            

V


 and e


 b
ve co VaaV



ubstitute them

            

            

0         

            

le model 1 of e
c force, electron

  is located
is located in 

located in the 
lectron’s motio

stable and elec
  0270 , 

ion is still un

and electron h

Vol. 4, No. 2;

          

, in the Newto
oss product (41

          

be  , betwee
)os(   , r


m in (42), we ge

          

           

           

           

electron’ motio
n does not rad

d in the second
the first and 
second and fo

on will be uns

ctron has to rad
 ctgtg  , 

nstable and ha

has to radiate.

2012 

(41) 

onian 
1) by 

(42) 

en a


 
~a

  
et  

(43) 

(44) 

(45) 

(46) 

on in 
diate 

d and 
third 

fourth 
stable 

diate. 
(46) 

as to 

. The 



www.ccsen

 

motion sh
 ctgtg 

is still unst

Figure 5. I
cent

In addition
  for ele
not radiate
unstable w

6.2 Radiat

If the moti
damping f

Let the ang

Taking dot

Let  
in (48) and

Substitute 

et.org/apr 

hown in Figur
 ,  tgtg 
table and has t

Impossible mo
ter electric forc

n, if 0aV


,
ctrons to choo

e and atoms are
when they are v

tion Damping F

ion of relativity
force, the motio

gle between r


t product (47) 

1

c0am

 2/ ,   is
d (49), we get 



(50) in (51), w

re 5 is possib
 . (46) becom
to radiate.  

ode1 of electron
ce field, electro

, electrons do 
ose, the motion
e stable in gen
very close to nu

Force in Elect

y is unstable in
on equation of

cV

am


 22

0

/1

r


 and fF


 be

1

cos
2

0

V

am




by r


, we hav



/1

)2/cos(
22 cV






s a small quan

0am

Ff 

m

FF Ef 

we get accelera

Applied 

ble but (46) s
mes  ctgtg

 
n’s motion in 
on radiates   

circle motions
ns are general

neral. Only in s
ucleus so that 

tric Field 

n center electr
f an electron be

cV

aVVm







22
0

/1(

)(

e   and take 


1(

c

/

s 2
0

2

Vm

c


ve 


1(

cos(2
0Vm




ntity. We have 

22 )/1( cVa







2
0 /1( Vam







ation 

Physics Resear

67 

should be sati
1  or tg 

          
         Fig
           

 
s and not radia
ly possible for

some special si
they have to ra

ric force field, 
ecomes 

fE FF
c 


2/3

2

)

/)

cross product 


)/1

cos(os
2/322 cV




)/

cos()2/
2/322 cV



  sincos

2/322

22

)/1(

/cos

cV

cV





22

22

/1(

sin)/

cV

Vc





rch

isfied. Let 
tg , i.e, 

gure 6. Possibl
center electric

ate. Because th
r electrons in 
ituations, the r
adiate, i.e., bre

electrons will 

f
r

rqQ
F




3
04

(47) by r


, si


sin

/) 2

fF
c



 /) 2

EF
c




   and s

2

2 cos(cos 

2/3

22

)

cos(sin/ c 

 0270 , 
 . If 

le model 1 of e
c force, electro

here are two fr
center electric

relativity motio
eaking radiatio

radiate. By co

fF


         

imilar to (43), 

n           

cosfF    

cossin  

)







        

)(







     

Vol. 4, No. 2;

  . We 
, electron’s mo

 
electron’ motio
n does not rad

ee degrees 
c fields. So the
ons of electron
on. 

onsidering radi

          

we get 

          

           

1 . Substitute 

          

          

2012 

have 
otion 

on in 
diate 

 and 
ey do 
ns are 

ation 

(47) 

(48) 

(49) 

them 

(50) 

(51) 



www.ccsenet.org/apr Applied Physics Research Vol. 4, No. 2; 2012 

68 
 

















)cos()sincos(/)sincos)(/1(

)/1(

2222
0

2/322

 cVcVm

cVF
a E            (52) 

For electron’s obit near to be a circle, we write   2/3 . Because   and   are small quantities, we 
have 1cos  , sin ,   sincos , 1cossin   and )2/3cos()cos(    

  . Substitute them into (52), we get 
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The result is the same as (34). If we do not consider electron’s motions in this way, the stability of atoms would 
become a big problem. Substitute (53) in (2), we have 
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                           (54) 

For the energy of electron in the ground state of hydrogen atom is JeVE 18
1 1017.255.13  , in which half is 

potential energy and half is kinetic energy. The speed of electron is cV 00514.0 . Let 101053.0 r  be the 
first Bohr radius, we obtain Wp 81060.4 

  . According to this radiation power, the electron would loss all its 
energy in time sPEt 9

1 1072.4/ 
   and falls in nuclear. Of cause, this is impossible. 

Some one may think that according to quantum mechanics, electron should be considered as a wave 
simultaneously. It is meaningless to consider the orbit motion of an electron. However, this statement does not 
solve the problem. We can consider macro-current circle, for example, the radiation of current loops made by 
low temperature supper-conductors. Suppose there are 1010  electrons with speed c00514.0 in a 
supper-conductor loop. The radius of loop is mR 05.0 . The total kinetic energy of 1010  electrons is 

JT 81009.1  . The current intensity is AI 0031.0 . The acceleration of electron is Wp 71084.1 
  . 

According to (2), we have Wp 71084.1 
   and sPTt 059.0/   . That is to say, the current in 

supper-conductor loop can only maintain 059.0 second. However, experiments show that the current in 
supper-conductor loop is stable. No such great radiation is observed.  

In the light source of synchrocyclotron, we use wigglers and oscillators to produce radiations and free electron 
laser at present. The magnetic fields with direction alternate changes are used in wigglers and oscillators, in stead 
of the electric fields. If the period electric fields with direction alternate changes are acted in the perpendicular 
direction of electron’s velocities, electron’s obits may also wiggle. Can we use them to produce free electron 
laser? The answer seems not. As mentioned before, electron’s motions are stable when they are acted by period 
electric fields in free space. They do not radiate in this case. 

6.3 Braking Radiation  

When charged particle moves nearby atomic nucleus, its speed is decelerated and braking radiation is caused. If 
electron collides with nucleus directly, electron would combine with proton in nucleus and form neutron. In this 
case, braking radiation may also be caused. In general situations, electron moves in the electric field of atomic 
nucleus. Because atomic nucleus’s charge is positive, the practical situation is that electron is accelerated when it 
approaches nucleus, then is decelerated when it leaves nucleus.  

As shown in Figure 7, if   is located in the first quadrant with   , the motion is possible and stable, 
electrons do not radiate. In other situations, the motions are unstable and electrons will radiate. If   is located 
in the fourth quadrant with   as shown in Figure 8, the motion is possible and stable, electrons do not 
radiate. In other situations, the motions are unstable and electrons will radiate.  



www.ccsen

 

    
Fi

 

7. The Pos

As mentio
equation is
electron in

Electronic 
magnetic f
direction o
1981). Ele
not found 
may not ra

Figure 9. E

 

This affirm
less synch
synchrocy
as we ad
synchrocy
should be 
in a small 

VBE 
detecting a
damping f

8. Conclus

According
However, 
with accel

1) Electron

2) Electron
temperatur

et.org/apr 

igure 7. Electr
 to produ

ssibility to Est

oned before, in
s (35) in whic

n magnetic fiel

induction acc
field is along 
of induction e
ectron’s motion
radiations in e

adiate, no matt

Electronic indu

mation needs e
hrony radiation
clotron. Magn

dd an electric
clotron, electr
changed posit
extent around 

B . Because ele
angle   whe

force.  

sions 

g to classical 
actual situatio
erations do no

ns are accelera

ns do not radi
re supper-cond

ron collides wi
uce braking rad

tablish Synch

n common situ
ch radiation da
ld may not radi

celerator may 
z-axis, the dir

electric field fo
n may be stab
electron induc
ter what radio w

uction accelera

experimental v
n losses. As s

netic fields are 
c field force 
ron’s motion m
tive and negati
circular motio

ectron’s speed
en electrons ra

theory of ele
ons are not th
t radiate. 

ated in uniform

ate when they
ductors). In th

Applied 

ith nucleus   
diation 1     

hrocyclotron w

uations, electro
amping force e
iate again. 

be just this c
rection of mag
orce EF


 is p

ble and electron
tion accelerato
waves or visib

   

ator without ra

erifications fu
shown in Fig. 
acted on the t
along the di

may be stable 
ive periodically
on with 0
d is close to 
adiate, we can

ctromagnetic 
he cases. Expe

m electric field 

y move in the l
he straight line

Physics Resear

69 

        
            
           

without Radia

on radiates whe
exists. If we u

case. As show
gnetic force F



arallel to the 
n will not rad
or. That is to s
ble light! 

        

adiations   Fig

rther. If it is tr
10, electrons

turning parties
irection of el
so that they d
y, so that the a
. To replace F
light’s speed, 

n determine ele

field, accelera
eriments show 

without radiat

loops of direc
e transmission

rch

 Figure 8. El
    to produc

ation Losses 

en it moves in
use an electric 

wn in Figure 

BF


 is pointed 
direction of e
iate. This may
say, in electron

gure 10. Synch

rue, we can des
s are accelerat
s to maintain e
lectron’s velo
do not radiate. 
angle   of lo

fF


 with EF


taking TB 1
ectric field for

ated charged 
that in follow

tions. 

t currents (inc
n process of al

lectron collides
ce braking radi

n magnetic fiel
field force F



9, suppose th
to the center o

electron’s velo
y be the reason
n induction ac

hrocyclotron w

sign synchrocy
ted in the line
electron’s circle
city on the t
The direction

ongitudinal osc
in (39), we ha

T , we have 
rce we need to

particles radia
wing processes

cluding the loo
lternating curr

Vol. 4, No. 2;

s with nucleus
iation 2 

ld. The real mo

EF


 to replace 

at the directio
of accelerator.
city (Xu jianm
n why Blewett
celerator, elec

 

without radiatio

yclotron witho
ear joint partie
e motions. As 
turning partie

ns of electric f
cillation is cha
ave BE FF 

8103  E
o replace radi

ate electric w
s charged part

ops made from
rent, electrons 

2012 

 
s  

otion 

fF


, 

on of 
. The 
ming, 
t had 
trons 

ons 

out or 
es of 
long 

es of 
fields 
anged 

BF  or 
. By 
ation 

aves. 
ticles 

m low 
with 



www.ccsenet.org/apr Applied Physics Research Vol. 4, No. 2; 2012 

70 
 

accelerations also do not radiate.  

3) If conditions are not proper, radio antennas do not radiate though electrons have accelerations. 

4) Electrons moves around atomic nucleus do not radiate. 

5) In electron induction accelerator, there are no radio wave radiations. Whether or not there are visible light’s 
radiations, we need further experiments. 

6) It seems that we can not use electric fields to replace magnetic fields to produce free electron laser. 

In this paper, we prove that the instability of relativity motion is the essential reason for charged particles to 
radiate in electromagnetic fields. The forms of forces can not be arbitrary in the dynamic equations of relativity. 
Under certain conditions, if the forms of forces are improper, the relativity motions of charged particles are 
impossible in theory and unstable in practices. In order to make the motions possible, charged particles have to 
change their states through radiations.  

In order to correctly describe the motion of charged particles which radiate in electromagnetic fields, the 
radiation damping forces should be added in the motion equation. By introducing radiation damping force, we 
can obtain a logically consistent theory which agrees with experiments.  

For the problem of charged particle’s radiation, we should change our thinking form. It is not acceleration to 
cause radiation, but radiation is related to acceleration. If charged particle’s motions of relativity are stable, they 
do not radiate even they have accelerations. Because they do not radiate, the radiation formula of classical 
electromagnetic theory does not apply. And it no longer meaningful for the statement that acceleration causes the 
radiation of charged particle. 

The essence of antenna radiation is the braking radiation. In electron induction accelerator, acted by the 
transverse electric field force and longitudinal magnetic force simultaneously, electron’s motions may be stable 
so they may not radiate. This affirmation needs experimental verification. If it is true, by adding an electric field 
force in the direction of electron’s velocity, the motion of electron can be stable in magnetic field so that electron 
does not radiate again. In this way, we may establish high energy synchrocyclotron without or less synchrony 
radiation losses. The following experiments are proposed. 

1) Make it certain whether or not electrons radiate infrared light and visible light in electron induction 
accelerators. Or whether or not the radiations of electromagnetic waves are greatly weaken.  

2) Make it certain whether or not electrons radiate the radio waves of low frequencies in synchrocyclotron. If the 
radiations of low frequencies can be detected, we should ask why they had not been found in electron induction 
accelerators in Blewett’s experiment. 

3) Using the electric fields with their directions change alternately to replace magnetic fields in wigglers and 
oscillators, to observe whether or not free electron laser can be produced.  

4) Directly adding an electric field with directions alternately changed on the turning parts of synchrocyclotron 
in which magnetic fields exist, to observe whether or not synchrony radiations disappear or are greatly weaken. 

References 

Cao, Changqi. (1979). Electric Dynamics. People's Education Publishing Company, p.227. 

John, P. Blewett. (1946). Radiation Losses in the Induction Electron Accelerator. Phys. Rev., 69, p.87. 
http://dx.doi.org/10.1103/PhysRev.69.87 

Liu, Zuping. (2009). Introduction to Light Source of Synchrony Radiation, Chinese Science and Technology 
University Pubilshing Company, p.1-10. 

Xi, Dingchang. (1998). Magic light-Synchrony Radiation. Hunan Education Publishing Company, p.16. 

Xu, jianming. (1981). Principle of accelerator, Science Publishing Company, p.94. 

  


