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Big amount of works deals with solution of differential equations, associated with electron motion in electromagnetic field, using
methods of classical electrodynamics. Solution of equation of an electron motion in TEM wave field is interesting task because this
equation is mathematical model of big number of wave processes, which are used for researches of different physical processes. The
proposed work dedicated to finding the solution for the equation of an electron motion in TEM wave field in laboratory system of
coordinates using the theory of almost periodic functions. The work demonstrates that the projections of electron velocity on
coordinate axis conform to the wave equation, and, consequently, could be expanded into generalized Fourier series at any value of
the wave and electron parameters. In the present work, the formulas received before for electron velocity projection on coordinate
axis, are transformed to a well-behaved form, and are broken down into non-perfect generalized Fourier series. Non-perfect Fourier
series for projections of electron velocity on coordinate axis are found by means of plotting of complex series, which are called in the
theory of almost periodic functions as “closure of set”. For approximate computation of electron velocity it is possible to restrict
oneself to finite number of series harmonics. Application of method of electron velocity components transformation into generalized
Fourier series made it possible to find in electron velocity components series terms, which do not depend on time and are equal to
average magnitudes of the respective values. Electron velocity components present functions of initial magnitudes of electron
velocity components, of generalized phase magnitude and of the wave parameters. Initial magnitudes are not preset at random, but
calculated from the equations, the type of which is specified in the work. Electron trajectory in coordinate space is calculated by
integrating of the respective expressions for velocity projections on coordinate axis. For demonstration purpose the work deals with
the example of electron dynamics in wave polarization plane with consideration of only permanent addends and first harmonics of
Fourier series for electron velocity projections on coordinate axis. An approximate solution of the equations of electron dynamics in
the plane of polarization of the wave is given. Solution for the equation of electron motion in TEM wave field in the laboratory
coordinate system using the theory of almost periodic functions made it possible to solve the problem of dynamics of relativistic
electron in the field of progressing TEM wave. It made it possible to demonstrate the availability of time-independent summands in
the value of the speed of the electron, which moves in TEM wave. A very important circumstance is also the fact, that the theory
makes it possible to investigate electron dynamics depending on the original wave intensity.
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JUHAMIKA EJIEKTPOHY B ITIOJII TEM XBHJIT
TO.M. T'purop’es!, A.JO. 3enincekuii!, T.B. Manuxina?, B.O. IlInarina’
! Hayionanvnuii naykoeuii yenmp Xapkiecokuti hisuxo-mexuivnuil incmumym
eyn. Akademiuna, 1, 61108, Xapxie, Ykpaina
2Xapriscoxutl nayionansnuii ynieepcumem imeni B.H. Kapasina
matioan Ceoboou, 4, 61022, Xapxie, Yrpaina
Po3p’s3anHI0 OudeEpeHIifHNX pIBHAHb pPyXy €JNEKTpOHA B €JICKTPOMArHITHOMY MOJNI METOJaMH KIACHYHOI eNEeKTPOAMHAMIKA
MIPHUCBSYEHO BENUKY KiTBbKICTh poOiT. PO3B’A3aHHS piBHAHHS pyXy eleKTpoHy y mosii TEM XBuili € BayKIMBOIO HAYKOBOIO 33JaU€H0 Y
3B’SI3Ky 3 THM, IO [I¢ PIBHSHHS € MAaTeMaTHYHOIO MOJIEIUII0 BEJIMKOI KiBKOCTI XBHJIBOBHX IPOIECIB, KOTPiI BUHUKAIOTH IiJ 9ac
JOCIIUKEHb PI3HOMaHITHHX (i3uuHMX sBUIN. [IpomoHOBaHa poboTa NpUCBSYEHA OTPUMAHHIO PO3B’SI3aHHIO DIBHSAHHS PYyXy
enexrpona y nosi TEM xBuiii B nabopaTopHii cMcTeMi KOOPIMHAT, i3 BUKOPUCTAHHSAM Teopii maibke mepionuynux QyHkuiin. B
po6oTi moka3aHo, II0 MPOEKILIT IBUIKOCTI €IEKTPOHA Ha Bici KOOPAWHAT BiJIIOBIJAIOTh XBHJIBOBOMY DIBHSHHIO, i OT)KE, MOXYTh
OyTn po3wiazieHi B y3arajbHeHi paau Pyp’e mpu Oyap-SKMX 3HAUCHHSIX MapaMeTpiB XBWII €lIeKTpoHa. Y poOOTi BHpasn s
MPOEKIiH MIBUAKOCTI €JIEKTPOHY Ha Bici KOOPAMHAT MPUBEICHI J0 BUIJILY, 3pYYHOMY JUIsl aHAJi3y, i PO3KIANAIOTECS y peajbHi
y3araibHeHi psau @Dyp’e. Peanphi psam Dyp’e 1 mpoekuiil MIBHAKOCTI €ISKTPOHY Ha Bici KOOPIMHAT OOYHCIIOIOTHCS 3a
JIOTIOMOTOI0 TOOYZOBM KOMIUICKCHHX PSIIiB, IO HA3UBAIOTHCS Y TEOpii Maibke MepioJNIHIX QYHKIIH “3aMKHEHHSM MHOXKHUHHK . st
HAOJIKEHOTO OOYUCIICHHS [IBUIKOCTI €JIEKTPOHAa MOKHA OOMEXHTHCS KIiHIIEBUM YHCIOM TapMOHIK psmy. 3aCTOCYBAaHHS METOIY
PO3KJIa/jaHHsl KOMIIOHEHT IIBHUAKOCTI IEKTPOHA B y3arajbHeHi psau Pyp'e 1ano MOKIMBICTh BUSBHTH y KOMIIOHEHTaX IIBHAKOCTI
SJISKTPOHA WICHU psy, SKi He 3ajJeXaTh BiJ Yacy, IO JOPIBHIOIOTH CepeiHIM 3HAYEeHHSM BiNOBITHMX BennunH. KommoHeHTH
LIBUAKOCTI €JIEKTpOHa € (YHKIISIMH Yacy, IOYaTKOBUX 3HAUCHb KOMIIOHEHT IIBHJKOCTiI €JEKTPOHA, ITOYaTKOBOTO 3HAUCHHS
y3arajgbpHeHoi (a3u, i mapamerpiB XxBuwii. IlouaTkoBi 3Ha4YeHHs KOMIOHEHT IIBUJIKOCTI €JIEKTPOHA HE 3aJaloThCsl JIOBLIBHO, a
00YHUCIIOIOThCS 3 PIBHSIHD, BU] IKUX HABOJHUTHCS Y JaHill poboTi. TpaekTopis eIeKTpoHa B KOOPANHATHOMY IPOCTOPi 00UUCITIOETHCS
iHTETPYBaHHIM BiJMOBIJHUX BHpA3iB ISl MPOCKIiH MIBUAKOCTI Ha Bici KoopAauHAT. B po0oTi po3risHyTO MpPHUKIAN JUHAMIKA
CJIEKTPOHA Y IUIOIIMHI TOJSpH3alii XBWII 3 ypaxyBaHHSIM TUIbKH IOCTIHHHX OJAaHKIB 1 MEpHIMX TapMOHIK psamiB Dyp’e mns
MIPOEKIIii MIBUAKOCTI eIEeKTPOHA Ha Bici koopanHaT. HaBeneHne HaOmmkeHe po3B’sA3aHHS PIBHSIHb AWHAMIKH €JIEKTPOHA Y TUIOLIMHI
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MoJIsIpU3alii XBHJII, 0 HAJaJI0 MOXKIMBICT OTPUMATH (GOPMYITH IIBHIKOCTI €IEKTPOHA Y BUMVIAAL sIBHUX QYHKIIN yacy. OTpumani
¢dbopMyIH MOXYyTh OYTH BHKOPHCTaHi Uil JOCHIMKEHHsS AWHaMiku ejektpoHa y momi TEM xBuiai sk Mainoi, Tak i BeIMKOL
IHTEHCHBHOCTI.

KJIFOYOBI CJIOBA: xBuns0Be piBHSAHHSA, y3aranbHeHi psan @yp’e, TEM xBums

JAUHAMUKA SJIEKTPOHA B IIOJIE TEM BOJIHBI
I0.H. I'puropees !, A.JO. 3enunckuii', T.B. Maabixuna?, B.O. Illnaruna’
!Hayuonanvuwtii nayunviil yenmp XapoKo6ckutl (usuko-mexnudeckuti uHCmunym
yar. Akademuueckas, 1, 61108, Xapvkos, Yrpauna
2Xapvrosckuil nayuonanviwiil yuueepcumem umeny B.H. Kapasuna
matioan Ceo600w1, 4, 61022, Xapvkos, Ykpauna

Pemennio muddepeHnranbHbIX ypaBHEHHH [BIKEHHS JICKTPOHA B DJICKTPOMArHUTHOM [OJI€ METOJaMH  KIACCHYECKON
JNEKTPOJANHAMUKHN TIOCBSIICHO OONbIIoe dYHuciao pador. Pemenne ypaBHeHHs ABWKEHUS diekTpoHa B mone TEM BomHBI
MPEJCTABIACT WHTEPEC B CBSA3U C TEM, YTO ITO YPAaBHCHHUE SBISICTCS MATEMATHYECKOW MOJEIBIO OOJBIIOTO YHCIA BOJHOBBIX
MPOIIECCOB, KOTOPHIE BCTPEYAIOTCS TPH HCCICJIOBAHHM PAa3UYHBIX (u3mdeckux sBieHud. [Ipemnmaracmas pa0oTa IOCBSIICHA
MOJMYYCHUIO PCIICHUS yPaBHEHUS JIBWXKCHUS JJiekTpoHa B moje TEM BoaHbl B J1abopaTOpHOM CHUCTEME KOOPIHHAT C
HCTIOJIb30BAHUEM TEOPHUH TOUTH Mepuonyeckux (yHkmuii. B paboTe Mmoka3aHo, YTO MPOCKIHWH CKOPOCTH JJICKTPOHA HAa OCH
KOOpPAMHAT yIOBJIETBOPSIOT BOJIHOBOMY ypPaBHEHHIO, H, CIIEAOBATEIbHO, MOTYT OBITH pa3iioxkeHbI B 00001EHHbBIC psiibl Dypbe mpu
TO0BIX 3HAYEHMSAX MMApaMeTPOB BOJHBI M AIEKTPOHA. B naHHO# paboTe BBIpaXKSHUs IS MPOEKIHH CKOPOCTH JJICKTPOHA HA OCH
KOOpAMHAT MPUBEICHBI K BUAY, YIOOHOMY [UIsl aHAIH3a, M PACKIIAIBIBAIOTCS B peaibHble 0600méHHbIe psibl Dypbe. PeanbHbie psiapt
®dypbe TSI OPOSKIUI CKOPOCTH DJIEKTPOHA HAa OCH KOOPAMHAT HAXOITCS C IMOMOIIBIO MOCTPOCHHUS KOMILIEKCHBIX PSIIOB,
HA3bIBaEMbIX B TEOPHH MOYTHU TEPHOANICCKUX (YHKIHUHA “3aMbIKaHHEM MHOXecTBa”. J{Jsl MpHOIMKEHHOTO BBIYMCICHUS CKOPOCTH
JJIEKTPOHA MOXXHO OTPAaHHYHMTHCS KOHCYHBIM YHCIIOM TapMOHHUK psina. [IpuMeHeHHe MeToja pa3jioKEHHS KOMIIOHEHT CKOPOCTH
3JIEKTpOHA B 00001IEHHBIC paasl Pyphe Aaj0 BO3ZMOKHOCTE OOHAPYKUTh B KOMIIOHCHTaX CKOPOCTH 3JICKTPOHA WICHBI pPsla, HE
3aBUCSINNE OT BPEMCHHU, PABHBIC CPCITHUM 3HAYCHHSIM COOTBETCTBYIOIIMX BEIWYMH. KOMIOHEHTHI CKOPOCTH 3JICKTPOHA SIBISIOTCS
(GYHKUMSAMUA BPEMEHH, Ha4yajbHbIX 3HAYCHUH KOMIIOHEHT CKOPOCTH JJICKTPOHA, HAYaJbHOIO 3Ha4YeHHs 0000uméHHOH (a3bl, u
napaMeTpoB BoJIHBL. HauasjbHple 3Ha4YeHHS KOMIIOHEHT CKOPOCTH JJISKTPOHA HE 3a/Iaf0TCsl MPOM3BOJBHO, @ BBIUHUCISIOTCS M3
YpaBHEHHH, BUI KOTOPBIX MPHUBOIAMUTCS B HaHHO# pabore. TpaekTopus 3JIeKTpOHA B KOOPAMHATHOM IMPOCTPAHCTBE BBIYHCIISIETCS
HHTErPUPOBAHHEM COOTBETCTBYIOIIMX BBIPAXKEHHH UIs MPOCKIUA CKOPOCTH HA OCH KoopawHat. st wutoctpanuu B pabore
paccMOTpeH MpUMep THHAMUKH 3JICKTPOHA B IUIOCKOCTH TOJISIPH3ALUH BOJHEI C YY4ETOM TOJNBKO MOCTOSHHBIX CIaraeMbIX M TEPBBIX
TrapMOHHK psioB Oypbe ISk MPOCKIUI CKOPOCTH AIICKTPOHA Ha OCH KoopauHat. [IpuBeneHo MpUOIIKCHHOE pElICHHE YPaBHECHHUN
JUHAMHKH DJICKTPOHA B IJIOCKOCTH MOJISIPU3AIMM BOJIHBL PellicHWEe ypaBHEHUS JBIKCHHS dJiekTpoHa B moje TEM BoiHBI B
11a00paToOpHON CHCTEME KOOPAWHAT C HCIOJH30BAHHEM TEOPHUH TOYTH MEPHOAMYCCKUX (DYHKIMH Hajd0 BO3MOXKHOCTH MOJYYHTH
(GOpMyJIBI CKOPOCTH 3JIEKTpOHA B BHAE SBHBIX (yHKUuMH BpeMeHH. [lonydeHHbie (OpPMyJbI MOTYT OBITH HCIIOJIB30BAHBI IS
HCCIIEIOBAHUS TMHAMUKH JIeKTpoHa B 1tojie TEM BOJIHBI Kak Majioi, Tak U OOJIBIION HHTEHCUBHOCTH.

KJ/IFOYEBBIE CJIOBA: BonHOBOE ypaBHeHHE, 0000mEHHbIe paasl Pypre, TEM BonHa.

Big amount of works deals with solution of differential equations, associated with electron motion in
electromagnetic field, using methods of classical electrodynamics.

Solution of equation of an electron motion in TEM wave field is interesting task because this equation is
mathematical model of big number of wave processes, which are used for researches of different physical processes.
For example, mechanical fluctuations in elastic strings, fluctuations in radio engineering devices, quartz crystal and etc.
Thereby tasks, which can be described by wave equation and also solution of equation of an electron motion in TEM
wave field, are actual.

The goal of this work is solving the equation of electron motion in the field of TEM wave using the theory of
almost periodic functions in order to obtain exact formulas for electron coordinates and velocities in the form of explicit
functions of time.

The usage of almost periodic functions theory gives an opportunity to get precise formulas of electron coordinates
and velocity in a form of explicit functions of time. The received formulas are suitable for analysis of electron dynamics
in the fields of both low and high field intensity.

In the work [1] the formulas are given for electron velocity projections on coordinate axis in TEM wave field,
which are the functions of the wave generalized phase, and were received as a result of integration of dynamics
differential equation. In the present work, the formulas received before for electron velocity projection on coordinate
axis, are transformed to a well-behaved form, and are broken down into non-perfect generalized Fourier series. Non-
perfect Fourier series for projections of electron velocity on coordinate axis are found by means of plotting of complex
series, which are called in the theory of almost periodic functions as “closure of set” [2].

Application of method of electron velocity components transformation into generalized Fourier series made it
possible to find in electron velocity components series terms, which do not depend on time and are equal to average
magnitudes of the respective values.

Electron velocity components present functions of initial magnitudes of electron velocity components, of
generalized phase magnitude and of the wave parameters. Initial magnitudes are not preset at random, but calculated
from the equations, the type of which is specified in the work.

Electron trajectory in coordinate space is calculated by integrating of the respective expressions for velocity
projections on coordinate axes.
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INTEGRATING OF DIFFERENTIAL EQUATION OF ELECTRON MOTION IN WAVE FIELD
Differential equation of electron motion [3] in electromagnetic field has the following form

d mo - er. -
dt{ _l_vﬁz]:eE+C[v><M] (M
dr

where m is electron mass and e is electron charge, ¢ is the velocity of light, ¢ is time, 7 = e
t

F=ix+hkz+ Jy, F is electron radius-vector, E, 17 — electric and magnetic field vector, respectively, A= v,
C

Let us present electric component of the field in the following form

E = Ecos{Zm/[f—x(t)]+é} (2)

c

where v is frequency, J is phase of the wave at 7, =0 and x(¢,)=0, f, is initial time, E, is projection of the wave
electric component: E, =0,E, =0 . We will assume, that progressive wave normal has the direction, which coincides

with the direction of x axis. Vector of magnetic field has the following form

it =[iE] 3
Having projected (1) on coordinate axes, we will get:
li(Wﬂz )=W(1—,3Y,)Ecos{27rv(t—)c(t)j+5} “
cdt c
li(Wﬁﬂ)=W,thEcos[Ziz'v(t—&t)}rﬂ (5)
cdt c
1 d
L4 wp.)=0 ©
. 1 dx 1dy 1dz
where Wis electron energy, 8 =~—, B =——, B =——
&Y A, cdt’ ™" cdt z cdt

Each of the equations (4-6) could be integrated one time. When taking integral of equation (4) the formula for

energy change was used:
aw _ Wd—ZECOS|:2ﬂ'V[t—ﬂj+§:|
dt dt c

Integrating (4-6), and solving the received expressions with respect to 8, 8.,, B,,, we will get:

_1+F*+d’-B
N+ F dt + B )
2BF
b e s ®
_ 2aB
YN+ Fr+d> + B ©)
where
a= ﬂyz(to) (10)
1_:th(t0)
Fe sin|:2m/(t—x(t)J+é}+C ()
me (27v c
c=talt) _WE Sm{m(zﬂ_ﬂjw} (12)
\/l—ﬂ(to)2 mc(Zm/) c

-8, _ 1-8.,()
B= xt — xt \“0 (13)
=B \1-8@1)
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One can see from (13), that value B is motion integral. To integrate equations (7-9), let us introduce generalized
phase:

s=1-20 (14)
C
Differentiating (13) with respect to ¢ and, introducing the following symbols:
lde _p ldz_p 1dy_
cds cds 'Bz‘"c ds P>
we will get:
__B __B __B 15
STy R EY e} o
Inserting (14) in (7-9) and, solving the received expressions with respect to B, 8., 8, , as well as using (10-13),
we get:
B, (@)
Bo=A, =" (16)
’ ) 1 - ﬁ.xt (t(])
B = psin[2zvs+ 0]+ A, 17)
2
B. = —% cos[2(27tvs +8)]+ pA._ sin[27vs + 8]+ A, (18)
where
poE_ (19)
mc(2nv)B
A =Bl) _Gnavs, +6] (20)
1- ﬂxt (lo )
A = M+l p’ cos[2(2nvs, +8)]— pA._ sin[27zvs, + 5] (21)
1 - let (t() ) 4
Integrating (16-18), we get
ly(s) =As+b, 22)
B .
lz(s) =y (s)+ A s+b, (23)
c
lx(s) =@(s)+A s+b, (24)
C
where
w.(s) = ——L—cos[27vs + ] (25)
2rv
@As) ___P sin 2(2zvs+6) |- P, sin[27vs +0] (26)
8(2v) (27v)
1
b, = - V()= A,s, @7
1 14
b, =—z(s))+——cos[2zVs, + 0] A s, (28)
c 2nv

2

_1 p . PA, . 3
b = . x(s,) +—8(27W) sin[2(27vs, +0)] +—(2m/) sin[27zvs, + 8] —A.s, (29)
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EXPANDING OF THE PROJECTIONS OF ELECTRON VELOCITY ON COORDINATE AXES INTO
GENERALIZED FOURIER SERIES
From formulas (7-9) it follows, that S ,[.,p, are the functions of generalized phase s. That is why in

compliance with [4], 8,5, B, satisfy wave equation.

In accordance with [5] the functions, satisfying wave equation, are almost periodic ones and consequently they can
be expanded into generalized Fourier series.
In compliance with [2] let us present /3, in terms of series:

n=co

n=-1
B, =c + Z c, e + z c, e (30)

n=-—co n=1

where

. 1 ¢t,+T
c. = lim [F J ,thdt} (31)

T —eo

In (31) let us shift from integrating with respect to ¢ to integrating with respect to S.
Differentiating (13) with respect to ¢, we get:

ds
£ _1- 32
—=1-8, (32)

Inserting 3, in (32) from (7), we will get:

ds
dt:ZBZ (1+F2+a2+82) (33)
Inserting d¢ in (31), we will get:
. I pso+s 1 y )
c, = ;131[5.[ Ve (1+F* +a* - B* )ds (34)
Inserting F" from (11) in (34), we will get:
2
cY=L2 1+H—+C2+az—B2 (35)
° 2B 2
where
__VE (36)
mc(2mv)

¢, —is mean value of f, , which is calculated at Q= 0. It corresponds to n = 0.

Harmonic amplitude is determined by expression:

) 1 to+T o
¢, = lim [? [ £.e dt} (37)
In (37) let us pass from £ to § .
B e N
c, = ;I_II‘IO{EJ‘SO E(l-’-F +a -8B )e ds (38)

Instead of Xs) and using (24), we insert expression
c
1
—x(s)=@(s)+A s+b, 39)
c

Without breaking generality essentially, we will here after assume d=0.
Let us expand element of integration for c,.
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—iQ,b, 1: 178 ds 22 . 2, 2 2
¢ = ¥ lim| — 2@+H’mlpmmpahtmmmwﬂ+6'+a—B) x
=5 ) 2B (40)
Xe—iﬂn (A +1)s % e*fQM(S)
We will preset frequency €2, in the following way:
2nvn
Q = (n=..3,2,1,-1,-2-3) 41
A +1
Value € ) will be reported in terms:
e M) = cos[Q 0 (s)]-isin[Q,0(s)],
and
¢, =c, —ic,, where
c¢ = e P lim I—XTS ds (1 + H sin’[2zvs]+2HCsin[2zvs]+ C> +a® — Bz) x
" so=ls | 2B? (42)
xe P cos[Q,e(s)]
1% ds 2
¢ = ;ﬂ{s j o (1+H' sin2[2m/s]+2HCsin[27er]+C2+a2—Bz)}( 43)

xe ™" sin[Q, ¢(s)]

Non-perfect generalized Fourier series for electron velocity projections on coordinate axis are found by means of
plotting of complex series, which in the theory of almost periodic functions are called “closure of set” [2].
Having designated

n=co n=—co n=co n=—oo
c i2navnt c _i2zxvnt | _ c, s _i2nvnt s _i2mvnt | __ s
(z c,e + Z c,e )—F ; ( E c,e + E c.e j—F (44)
n=1

n=-1 n=1 n=-1

and, using the above formulas, S, could be reported in terms of:

2
ﬁ’,,=2—;(1+H7+c2+a2—32j+1?f—i1«“ (45)
. 1 H* 2, 2 2 AT A 46
’B“'ZZBZ I+ +C+a’ =B +(F°) +i(F*) (46)

B, — complex function, /3, is a complex conjugate of function A,
(B.+8.) :Z;Z[l+h:+c2 +a’ —BZJ+((F‘ +(F )*)—iF’ +i(FA')*) (47)

Function gr = g + g is a valid (attached) solution.

Let us expand valid solution of 3, (attached):

ﬂ;: = ﬂxl +ﬂxl °
Let us expand
i2zvnt i2zvn(t-b,)
¢ —iQb. 1+A, __ ¢ 1+A, .
cre e =cye ;

let us designate ¢ =g, +ir,and ¢* =&, +in, ; it is possible to demonstrate that, ¢°, =g, —ir and ¢’, =& —in, , then:
Fe=(F)and F* =(F) (48)

and then in compliance with (46)

xt

2 n=co
h= %(1 + H7+ C*+a’ —sz+22 (g, cos[Q,(t—b)]—r,sin[Q, (t-b,)]) (49)
n=1
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We will specify formulas for calculation of ¢, ,r, . And for this purpose use formula (42)

s>=|'§ ) 2B’

.1 17¢% ds 2 : 2 2 2
q, +ir, = lim {— I (1+H sin“[2zvs]+2HCsin[2zvs]+C" +a” — B ) X (50)

xe ™ cos[Q,(s)]

It is possible to expand cos[€, ¢(s)] into infinite series at any values of its argument. From here it follows, that by
means of formula (49) longitudinal electron velocity projection could be calculated with any degree of precision.

Using the formulas specified above, we can present real attached solution for £, in a form of series:

xt

n=s 2zvn(t—b.) [ 2zvn@-b)
=2c +2 Iniad et S A Il S 2 51
R R ekt 51
Here comes the attached solution for £, :
< 2zvn(t—b,) . | 2zvn(t-b,)
=2c +2 cos| ——— = |- R sin| ———= 52
N e B e o
where
. - % }E{{[ % IS ) ds}% (53)
. T 1 A ds —i2zvas <~ (Qn¢(s))2” 4
Qn + an = LI_I;I;Ic |:§J.x“ ZBZ 2BF(S)2 (1 + ; W]} (5 )
Analogically, the attached solution is done for S, .
& 2rvn(t—b,) .| 2zwvn(t-b,)
ﬁyt = 2va +2;(§” COS|:T:|—77’1 SIH{T:D (55)
¢ = (56)
£ +in, = lim 1 j s _ds 2Bae ™™ 1+Z"Z°°—(Q”¢(S))2n (57)
n T T ssel s 2B? =l (2n)!

The position of electron in coordinate space could be calculated by means of the formulas, received as a result of
integrating of (51), (52), (55).

lx=zcxz+z"§°QL(qn sin[Q, (1—b,)]+7, cos[, (1~ b,)]) » (58)
c n=1 n
lz = 2czt+2§QL(qn sin[Q,(t—=b,)]+R, cos[Qn(t—bX)]) , (59)
c n=1 n
ly = 2c},t+2r§é(§n sin[Q, (1= b)1]+7, cos[Q, (1 -b,)]) - (60)
c n=l1 n

For further transformations and calculations let us introduce the following designations: 2zv(t—b,);
t=t,+7; ®=22vr+D; 2nVs, =g,
The expression for @, could be transformed into the following form:

2
D, = (1+Ax)g0 —H—Zsin[ZgO]—EAZ sin[go]—5(1+Ax)+2ﬂ
8B B c

(x(to)—x(so))' (61)

It is possible to demonstrate that x(¢,)—x(s,) =0.



62
EEJP 12019 Yu. Grigoriev, A. Zelinskiy et al

To calculate the values S.(¢,), S.(¢,), x(¢,) , to it is necessary in equations (51), (52) to set value t=#.
We will get three equations:

= 2nvnd 2nvnd
2¢ +2 cos 0 7 sin L 1-B(t)=0 62
x nz_;[qn 1_’_/\)C n 1+AY j ﬂx( 0) ( )
~ 2nvnd 2rvn®d
2¢.4+2 cos———2—R sin 0 1-B(t)=0 63
C, ;[Qn 1+Ax n 1+Ax j ﬂz( o) ( )
1 =1 2nvn® 2nvn®
—x(t,)=2ct,+2» —| g sin % +7 cos 0 64
¢ ( 0) x"0 ; Q” [qn 1+AX n 1+At J ( )

The following equation should be added to equations (62) — (64):

g, =2nv (to —M) (65)

c

First we find S.(¢,), B.(¢,) , which satisfy equations (62), (63).
Then, using equations (64) and (65) we find:

x(,) _ 272vY +2¢,g, (66)
c 2rv(1-2c,)
g, t2mvY ©7)
* 2zv(1-2¢,)
where
Y= 2§L g, sin 2myn®, +7, cos 27y, (68)
~Q 1+A, 1+A,

Left parts of equations (61), (62) depend on g,, B.(%,), B.(¢,), H.

Thus, S.(¢,)and f.(¢,) should be the solutions of equations (62) and (63).

From the formulas specified above it follows that the sums of the series terms, which are included in the formulas,
are proportional to the common factors of different degrees of value (%J At magnitude of value [%) «1 during the

approximate calculations it is possible to restrict oneself to not a big number of Fourier series components. At the
1

\jl_ﬂ(to)z

be considered small at high value of external wave intensity. From the above it follows, that smallness of parameter

values of f(#,) of the order of 1 value B could be of the order of . And that is why parameter (ﬁj could
B

(ﬁj could be used in a very wide range of the wave and electron parameters.
B

APPROXIMATE SOLUTION OF THE EQUATIONS OF ELECTRON DYNAMICS IN WAVE
POLARIZATION PLANE
For investigation of electron dynamics in polarization plane we should set the value of constant a equal to zero
(a=0), and to make the formulas simpler, we will set & =0.

We will specify the equations for calculation of S, f.,, received with consideration only of the first harmonic
(n=I) and average values (cx, ¢y under the following conditions: in expansion of cos¢, only two terms

2
(cos Q= 1—%] were kept, and in expansion of sing only one term (sing, = @, ) was kept.

2¢, +2| g, cos 2, —r,sin ! -X =0 (69)
I+A +A,

X
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) D
2¢.+2| Q,cos—2——R sin—2—-Z [=0 70
: (Q‘ 1+A, | 1+A, ] (70

where

X = fcosb

Z = Bsind

_ cAH
CRNETYS
CH CH’ 3CH’A?

n= + +
' 2B 512B°(1+A,)* 16B*(1+A,)

1 CHA,
Ql o T3 a3 A 2
B\ 32B°(1+A))

1( H H® 3HPA?
e 4 7t 2
B 2 S512B*(1+A.) 16B°(1+A)

Left parts of equations (69) and (70) are the functions S and 6.

Approximate solutions of the equations were found by breaking down equations (69), (70) into series with respect
to f and a, assuming H < 1; f<«1; a<1, where 8= 7— a. Under the condition that 8 = 7— a or 6 = a, distribution

of B and o was investigated, depending on the wave and electron parameters, in the direction opposite to the direction

of the wave propagation.

B o

05 04

o4 02

03 5 10 5 2 A &
-02

02
-04

« U U U

; — 8o
1 2 3 4 5 6
Figure 1. Dependence of initial electron velocity on initial Figure 2. Dependence of electron velocity vector angle to wave reverse
generalized phase value direction from generalized phase initial value

Figure 1 presents the dependences of B on the value of g, at the initial time moment ¢#,, and which pertain to

the case of electron moving in the direction opposite to the direction of wave propagation.
On Figure 2 one can see the beginning of two-electron beams formation, deflected from direction € =7z . One

beam is moving towards (7 — ), and the other one is moving in the direction (7 + ). Appearance of the two beams

depends on the value of different intervals of g,, where the electrons were located at the initial moment of time.

CONCLUSION

Application of the theory of almost periodic functions made it possible to solve the problem of dynamics of
relativistic electron in the field of progressing TEM wave. It made it possible to demonstrate the availability of time-
independent summands in the value of the speed of the electron, which moves in TEM wave. In progressing wave the
availability of the electrons moving at high speed in the direction opposite to the direction of the wave propagation was
detected. Within the framework of quantum electrodynamics this effect is explained by dispersion of electrons and
photons. A very important circumstance is also the fact, that the theory makes it possible to investigate electron
dynamics depending on the original wave intensity.
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