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The results of integration of the Lorentz equation for a relativistic electron in the field of the sum of linearly
polarized electromagnetic waves with different frequencies running in the same direction are presented. It was shown
that electron velocity is almost periodic function of time when electron is moving in the field of running linearly
polarized electromagnetic waves. Expansion of the field radiated by the electron in the generalized Fourier series in
calculating the spectral-angular distribution of the radiation intensity was used. Expressions for frequency and
intensity of direct and back Compton radiation on the combinative harmonics of the external field were obtained.

PACS: 29.20.Dh, 29.27.Bd

1. INTRODUCTION

The methods of production of the short-wave
electromagnetic radiation on interaction of an intensive
laser beam and a beam of relativistic electrons are
moving in opposite directions to each other, are widely
discussing in the scientific literature [1,2].

Electromagnetic field of a laser beam near the
maximum of the radiation transverse distribution one
can consider as a plane linearly polarized
electromagnetic wave. One and more waves with
frequencies are different from the frequency of the
principal mode can be presented in the laser beam. In
this connection it is very interesting to analyze motion
and radiation of an electron in the field of the sum of
running plane linearly polarized electromagnetic waves
by methods of classical electrodynamics.

The results of integration of the Lorentz equation for
a relativistic electron are shown in the presented work.
Exact solutions of Lorentz equation were obtained. It
was shown that the components of the electron
velocities are rational functions of a function, which
satisfies the one-dimensional wave equation.

As it was proved in [3] the solution of the wave
equation is almost-periodic function of time. As a result
of the statement expansion in the generalized Fourier
series can be and was used for calculations of spectral-
angular distribution of the electron radiation intensity [4].

Formulas for spectral-angular distribution of the
electron radiation intensity were obtained. The
probability of the direct and back Compton radiation
generation (according to the initial electron direction of
motion with respect to direction of waves motion) on the
combinative harmonics of the external field was shown.

2. ELECTRON TRAJECTORIES
IN THE FIELD OF LASER WAVES

The Lorentz equation of motion for relativistic
electron in electromagnetic field

d = el

—mv= cE+ —|vH|, 1

dt c[ ] (M
where z; = mo/(1-[;2)%, B = v/c, my is the rest mass

of an electron, c¢ is light velocity, e is charge of an
electron, v is vector of electron velocity, ¢ is time,

E,H is the vector of electric and magnetic field,

respectively.
The electric component of the sum of
electromagnetic field one can write as the following
0 0
Ez = Z EV COSDZHVmHt_ £H+ 5‘/ D7 (2)
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where Vv, is frequency, 5” is initial value of a wave

phase, £, are projections of the field electric
component on z axis. Assuming that normal vectors to
the front of each running waves #n have the same

directions with the direction of axis x projections

E =0,E =0,
Vector of the magnetic field
H=|nEl, (3)

n=1,i 1sunitvector of the axis x.
Projecting (1) to the coordinate axes, we can obtain:
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where ¢ is the electron energy, and
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Integrating each equations (4-6) once and solving
obtained equations relatively 8., 5., B we obtain:
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Integrating (5) we use the formula of the energy
variation:
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Vm
ty is the initial point of time.
In integrating equations (7-9), we introduce new
variable
0

s=t-—. (15)
c
By differentiating (15) on ¢ and introducing:
1dx _ 1dz ldy _
cdS_ﬂXS’cd ﬂzb’cd ﬂ}é’
we obtain
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Index “s” points to the value depending on s.

Substituting (16) to (7-9) and solving obtained
equations relatively B, B.. B, and also using (10) and
(15), we obtain:
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After integrating (17-19):
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3. RADIATION SPECTRUM
From the formulas (7)-(9) it is follows, that

components of an electron velocity in the field of light
wave are rational functions of F, each item of which
satisfies the wave equation.

In [3] it is shown that functions, which satisfy the
wave equation, are almost periodic functions of z. In this
connection we make the evident assumption, that
rational functions of almost periodic functions are also
almost periodic functions. So, for calculating spectral-
angular distribution of intensity of radiation one can use
the expansion of the field radiated by the electron in the
generalized Fourier series [4].



Magnetic component of the field of the electron
radiation great distance apart (the distance is much
greater than the wave length of the radiation field) one
can write in the form:

H= Z I‘]Q,e_iO 7t (26)
where, according to [4] and [5],
260 ;™ 17T fmed
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Here R, is the distance from the beginning of
coordinate system to the point of observation, 7 is unit
vector in the same direction, [, is radiation frequency,
-~ -
k="Lm.

c

For computation H, in the formula (27) it is

necessary to change over from time ¢ to the parameter s,
since 7%, and v , which obtained earlier, are functions of s.

Changing over in (27) from integrating on ¢ to
integrating on s, we obtain:
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In computation LH 0, J,, ’(H 0, )Z ’(H 0, J‘ with the help
of (32-34) (for the wide region of parameters of an
electron and electromagnetic waves) value ¢" 1 can be

replaced by the series with the finite number of terms:

a0 g (s)- L (s) e

As an example we examine radiation of an electron,

which moves in the plane of polarization of waves. In

this case, according to (32), (33), values (HQ,)X and

{H 0 J are equal to zero, while (H 0 ,J

flz

, with a precision

up to terms ~P,.P, is equal to:
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From the formulas given earlier it is follows that in
addition to radiation with frequency equal to V./A
frequencies 2V,//\. and “combined” harmonics (V,,+V,)//\
, (Vuw-V)//\ also can be presented in the radiation
spectrum. Radiation intensity on these frequencies will be

proportional to Pm4,(Pm - Pn)4 [5], respectively.

4. CONCLUSION

According to Bohr conformity principle scattering of
electromagnetic waves on an electron should be well
described as well with quantum electrodynamics as with
classical electrodynamics if the number of quantum «n» in
oscillation mode is quite big (/). In principle, an electron
could absorb two, three and more quantum. This should be
resulted in additional maximums in the spectrum of
radiation.

Shown in the paper formulas allow to evaluate the
possibility of detection of radiation modes with the frequencies
2v,//\ and combined harmonics with frequencies (V,,+V,//,
(Vu-Vu)//A in scattered radiation spectrum of laser light with
beam intensity which is achievable at the present time.

Supposing that precision of the spectrum
measurement equal to about 1% is sufficient, one can
calculate the value of electron energy [ and laser with
field strength E; and the wave length [I, with which

detection of the additional maximums in the radiation
spectrum possible. The following equality has to be true:

1, (B )n(m)

M D 1002 1.
%n{@kVﬁﬂ@éﬁx ?

(46)

For example, when [I=5 MeV, [=10°m the detection
of the additional maximums in the spectrum of radiation
is possible at field strength E;010'? V/m.

So, as we know, at the values [, Ep [, which we
suppose to use in X-ray generator based NESTOR on
the Compton scattering [6], the spectrum of radiation
will be determined by radiation on frequencies V,//\.

In conclusion one can point out to the fact that
obtained in this work results would be interesting for the
research on cosmic radio sources.
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W3JYUYEHUE JIEKTPOHA B INOJIE BEI'YIIIUX JUHEMHO MOJISIPU3OBAHHBIX

SJIEKTPOMATHUTHBIX BOJIH
IO.H. I'puzopwves, H.B /lpedbom, O./]. 36onapésa, A.FQ. 3enunckuii

IIpuBeneHs! pe3ynbTaThl MHTETPUPOBAaHUS ypaBHEHUs JIopeHLa Ul pPEISITUBUCTCKOTO 3JEKTPOHA B MOIE,
MPE/ICTABIIAIONIEM CO00I CyMMy OETyIIMX B OJHOM HAaNpaBJICHUH JIMHEHHO MOJIIPU30BAHHBIX DJIEKTPOMArHUTHBIX
BOJIH pa3HO 4acToThl. [lokazaHo, YTO NMpH ABMKEHUHU DJIEKTPOHA B TI0JIe OETyLIMX JMHEWHO MOJIIPU30BaHHbIX BOJH,
CKOPOCTb 3JICKTPOHA SBJISICTCSl MOYTH IEPUOJMUYECKOM (GyHKIMEeH BpemeHH. IIpu BBIUYMCICHHM CIEKTPaJIBbHO-
YTJIOBOTO paclpeeNleHHs] HHTEHCUBHOCTH M3ITy4EeHHUs HCIIONB30BAHO PA3IOKEHNAE U3ITyUYEHHOTO DJIEKTPOHOM TIOJA B
0000mennbIit psag Dypwe. [lomydeHs! ¢opmynsl 0OpaTHOTO M TPSMOrO KOMIITOHOBCKOTO H3JIydeHHS Ha
KOMOHMHAIMOHHBIX TAPMOHHMKAX BHEIITHETO MOJISL.

BUITPOMIHIOBAHHSA EJEKTPOHA V IOJI BITYUUX JITHIKMHO MOJSAPA30BAHUX
EJIEKTPOMAT'HITHUX XBWJIb

FO.M. I'puzop’cs, 1.B. /Ipebom, O./1. 36onapvosa, A.JO. 3enincoxuii

HaBezneHo pesynbraTl iHTerpyBaHHS piBHSAHHS JIOpeHIa A PENIITUBICTCHKOTO €JIEKTPOHA B IIOJI, SIKE YSBIISE
co00r0 cyMy OITy4nX B OJHOMY HAINpsSMY JIHIHHO MOJSPH30BaHUX EIEKTPOMATHITHUX XBIJIb PI3HOI YacCTOTH.
[TokazaHo, 0 MiJ Yac pyxy €JIEKTpOHa B MOJI OIry4Mx JIHIHHO MOJSPU30BAaHUX XBWJIb, IIBUJKICTD €IEKTPOHA €
Maibke nepioguuHoro (yHKIiew vacy. [Ipu 0OYHCITIOBaHHI CIEKTPAIbHO-KYTOBOTO PO3MOAUICHHS IHTCHCHBHOCTI
BUIIPOMIHIOBaHHS BHKOPHCTAHO PO3KJIaJ] BHUIIPOMIHIOBAHOIO €JICKTPOHOM IO B y3arajubHeHWH psam Dyp’e.
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OTtpumano (GopMyJid 3BOPOTHOTO Ta MPSMOTO KOMITOHIBCHKOIO BHIIPOMIHIOBAHHS Ha KOMOIHAIIWHUX TapMOHIKax
30BHIIIHBOTO TOJIS.
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