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Abstract 

Boldyrev E.M. Peculiarities of Particle Motion in the Plane Monochromatic Electromagnetic Wave Field: 
IHEP Preprint 2000-55. - Protvino, 2000. - p. 9, tables 10, refs.: 6. 

With a spiral approach of a charged particle motion (into a beam) in the plane monochromatic 
elliptically polarized electromagnetic wave field some peculiarities of this motion were brought out. It is 
shown that the motion of a low energy particle is physically predicable. The motion doesn't depend on 
a particle movement along or against the wave spreadingj the particle frequency is comparable with a 
wave frequency; the deflection of particle from the axis of initial motion is inversely proportional to its 
mass. It is shown that the motion of a high energy particle (an ultrarelativistic particle) has a number 
of peculiarities. The motion depends essentialy on the way the particle moves along or against the wave 
spreading. If the particle moves along a wave spreading, the particle frequency is a few cycles only or even 
less. The deflection of particle from the axis of initial motion may be proportional to the particle mass; If 
the particle moves against the wave spreading, the frequency is twice as much as the wave frequency and 
the motion of particle is independent of the particle mass. The peculiarities associated with the particle 
mass were first established. 

B01l,l(bIpeB E.M. Oc06eHHOCTR ,uBRJKeHRX 'tIaCTRUbI B 3neKTpOMarHRTHOM none nnOCKOH MOHoxpOMaTH'tIe
CKOH BonHbI: IIpenpRHT H~B3 2000-55. - IIpoTBHHo, 2000. - 9 c., 10 Ta6n., 6H6nHorp.: 6. 

IIpH ycnoBHH BHHTOBoro npH6nHJKeHHX ,D;BHJKeHHX 'tIaCTHUbI (B ny'tIKe) B 3neKTpOMarHHTHOM none 
nnocKoH MOHoxpOMaTH'tIeCKOH 3nnHnTH'tIeCKH nonxpH30BaHHoH 3neKTporHHTHoH BonHbI BbIXBneHbI onpe
,ueneHHbIe oc06eHHocTH YKa3aHHoro ,uBHJKeHHX. IIoKa3aHo, 'tITO ecm~ ,unx 'tIaCTRUbI HH3KOH 3HeprHH ,D;WI
JKeHHe <pH3H'tIeCKH npe,ZJ;cKa3yeMo: ,D;BHJKeHHe npaKTH'tIeCKH He 3aBRCHT OT Toro, KaK ,ZJ;BHJKeTCX 'tIaCTRua 
B,ZJ;onb HnH npoTHB pacnpoCTpaHeHHX BOnHbIj 'tIaCTOTa Kone6aHHX 'tIaCTHUbI cpaBHHMa C'tIaCTOTOH BOnHbIj 
oTKnoHeHHe 'tIaCTHUbI OT OCH Ha'tIaJIbHOrO ,ZJ;BHJKeHHX 06paTHo nponopURoHanbHo ee Macce, TO ,D;nx 'tIa-
CTRUbI BbICOKOH 3HeprRR (ynbTpapenXTRBRCTCKOH 'tIa~TRUbI) ,D;BRJKeHHe 06na,ZJ;aeT pX,lJ;oM oc06eHHoCTei: "" 
,D;BRJKeHRe 'tIaCTHUbI cymecTBeHHo 3aBHCHT OT Toro, KaK ,ZJ;BHJKeTCX 'tIaCTRua - B,ZJ;onb HnH npoTHB pac
npocTpaHeHRX BonHbI. B nepBoM cny'tIae qaCTOTa Kone6aHH.SI qaCTRUbI MeHbwe 60JIee qeM Ha .n;eC.SlTb 
nOp.Sl.n;KoB .n;JIHHhI BonHbI HcymecTByeT B03MOJKHOCTb Toro, qTO OTKnOHeHHe 'tIaCTHUbI OT OCH HaqanbHOro 
.n;BHJKeHR.SI nponopURoHanbHo ee Macce. Bo BTOpOM cnY'tIae 'tIaCTOTa Kone6aHHj{ 'tIaCTHUbI B,D;Boe 60nbwe 
'tIaCTOTbI BonHbI H ,D;BHJKeHRe 'tIaCTHUbI He 3aBRCHT OT ee MaCCbI. Oc06eHHocTH, CB.SI3aHHbIe c MaccoH 
'tIaCTHUbI, BbI.SIBJIeHbI BnepBbIe. 
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INTRODUCTION 

In high-energy physic'§ considerable attention has been recently focused on the experimental 
set-ups using the beam motion of charged particles in the electro~agneticlaser wave field ([1],[2]). 
This invites further study of a charged particle motion in the plane monochromatic elliptically 
polarized electromagnetic wave field (TEM) as most fitting the description of a laser wave field. 

Motion of charged particles (electron, proton) of both low (103 eV) and high energy (1012 eV) 
for different parameters of TEM was calculated from the formulae in [3]. The calculational 
results (see APPENDIX A) have revealed some peculiarities of the motion of a charged high 
energy particle. The motion depends essentially on how the particle moves along or against the 
wave spreading. IT the particle moves along the wave spreading, the particle frequency is a few 
cycles only or even less. The deflection of the particle from the axis of its initial motion may be 
proportional to the particle mass. IT the particle moves against the wave spreading, the particle 
frequency is twice as much as the wave frequency and the motion of particle is independent of 
the particle mass. 

This is in contrast to the case with a low energy particle. The motion does not depend on 
how a particle moves along or against the wave spreading; the particle frequency is comparable 
with a wave frequency; the deflection of particle from the axis of initial motion is inversely 
proportional to its mass. It is physically predictable. 

In recent paper [4], to account for these facts an analysis of the motion of particle has been 
made for a special case: the zero initial conditions (with the exception for an initial longitudinal 
momentum) and with the phase of TEM being virtually zero. 

In the present paper we pursue a related analysis for the initial conditions characteristic of 
a particle moving in the beam and with the phase of TEM being not virtually zero. 

The stated generality of this analysis has made possible practical estimations of the particle 
motion in electromagnetic laser wave field. 

1. PRELIMINARIES 

The [z, y, z, ct] is the laboratory system of coordinates and it has the signature [-, -, -, +] 
(c is the velocity of light). The V = (Va:, V1I , V::) is the vector. Va:, V1I , v:: are the coordinates of 

V. V = IVI = V(Va:2 +Vy2 + V;l2). 
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Infinitesimal quantities are considered in comparison with 1. In this case I(±a) = 1 ± a if 
a~l. 

We consider a particle with mass m and charge e (e = gelel, ge = ±1, lei is the magnitude 
of e). 

Particle parameters 
ro = (:Co, Yo, zo), Po = (Paz, Pay, Po.z) , and £0 are the respective radius-vector of the initial 

position of particle, initial momentum of particle, and initial energy of particle at the initial 
time instant to. In this case, Poz = Pocos<posin(}o, Poy = Posin<posin(}o, Po.z = Pocos(}o, POzy = 
ma:c(IPozl, IPoy), i o = ~. 

Wave parameters 
E and ff are the respective electric and magnetic fields. E 1 and E2 are the respective 

amplitudes of Ez and Ey, Emaz = ma:c(IE11, IE2 1). wand <p are the respective frequency and 
phase of TEM. 9 = ±1 is the degree of polarization. t = t -;.. 

E = (E1cos(wt - <p), gE2 sin(wt - <p, 0). 
ff = (-gE2 sin(wt - <p), E1cos(wt - <p), 0), 

to = to - ~, ¢o = wto - <p, ¢ = wt - <p, C(¢) = cos¢ - cos¢o, S(¢) = sin¢ - sin¢o. 
The TEM propagation in the z direction. 
T = t - to. 
r = (:c, y, z) = (:c(t), y(t), z(t)), P = (Pz , Py, Pz) = (Pz(t), Py(t), Pz(t)) , v = (vz , vy,vz) = 

(vz(t), vy(t), vz(t)), a = (az, ay, az) = (az(t), ay(t), az(t)), and £ = £(t) are the respective radius
vector of particle, momentum of particle,velocity of particle, acceleration of particle, and energy 
of particle at t. 

2. ANALYSIS OF MOTION 

With our conventions the classical equations of motion are 

P = ,mv, £ = ,mc2 
, 

dP ..... e [..... ..... ] dr _ .....
dt = eE + ;;- v, H, dt - v, (1) 

where, = h, f3 = !..
V 1_{j2 C 

It follows that the motion of particle in TEM is well determined if r(t), P(t), £(t), v(t), and 
a(t) of particle are determined in the laboratory system of coordinates (t E [to, 00)) .. 

Here the motion of particles of different mass are determined at the same initial conditions. 
On this assumption, Po, and r7J are independent of the particle mass. 

The solution of Eq. (1) can be considered as a spiral approximation. Hereafter we shall use 
the term "a quasi-spiral motion" for the spiral approximation. 

The quasi-spiral motion is defined as the motion wherein z(t) is linear in t, vz(t) and Pz(t) 
a~e constant, and laz(t)1 ~ laz(t)l, lay(t)1 with an accuracy of infinitesimals. 

That approximation is due to the following fact: For a spiral motion, the quasi-spiral motion • 
is the simplest and it spans a wide enough class of problems, in particular, so important for the 
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practical implementation the class of problems such as the motion of high energy particles. As 
an illustration, the data given in APPENDIX A showed that only rows 7, 8 of Tables 1, 2 did 
not fit this approximation. At the same time the spiral motion of a particle is possible in TEM 
of a circular polarization only under those initial data conditions that they cannot be realized 
for the beam of particles. In this the case of a linear polarization is ruled out [3]. 

The quasi-spiral motion is determined by the requirement so that T ~ 1, where 

T = 4 1: 1Ernaz ( 1:1 Ernaz + Pozy)G (2) 

and G is determined below. 
The area of particle and wave parameters, where the above requirement (2) is obeyed, will 

be called the area of quasi-spiral motion. 
The motion of the particle in the beam is determined by the requirement so that Poz ~ Poz 

and POy ~ POz . For this it will suffice to require that ()o = () (no = 1) and ()o = 1r - () (no = -1) 
where () ~ 1 and 1r = 3.14.... 

Then Pox = Pocosepo(), POy = Posinepo(), and Poz = noPoI( -()). 
In that approximation solution (1) is presented in APPENDIX B. 

A low energy particle. £0 ~ mc2 i.e. 1ro ~ l. 
In this case we have: R =~, Z = noPo~, P = no, Al = I( -no1ro) , A2 = rn~c2' G = 

~c ;0 I(no1ro + ()2). 

£ = mc2I(no1ror 2 + 1r~), V z = ~noPoI( -no1roT 2 
- 1r~). 

It immediately shows that the motion of the particle is inversely related to the particle mass. 
The particle frequency is nearly equal to the wave frequency. The area of quasi-spiral motion 
is essentially bounded as Po ~ 1. Moreover, it can be enhanced at the cost of an increase of 
the wave frequency. In other words, Po and the wave frequency balance out each other, which 
narrows down this area. 

2A. high energy particle. £0 ~ mc- and thus 1rOI ~ 1. In this case we have R = ;, A 2 = 
1 0 

p2' ~nd 
o
 

£ = cpoI(r2 +1ro2
) .
 

./Furthermore, a distinction needs to be made between the case no = 1 and the case no = -l. 

Case no = 1. In this case: Z = cI(r2 
- ()2), P = I(T2 - ()2), and V z = cI( _()2 - 7ro2). 

Here a possibility exists that if> ~ 1. . 
In the case of no = ~, a distinction needs to be made between the case 7ro2 < ()2 and the 

case ()2 < 7ro2. 

In the case of 7r~2 < ()2, we have Al = ()2, G = ;2 ()2. 
o 

It immediately follows that in this case TEM becomes less and less discriminate to the 
particle mass as () increases (see Tables 4,5). In this case the area of the quasi-spiral motion 
is sufficiently large, because in contrast to the foregoing case, the particle parameters and the 
wave parameters complement each other from the viewpoint of expanding this area and enclose 
the values of all the parameters used in APPENDIX A. In rows 7, 8 of Table 4 r ~ O.Ol. 

2 2 2

In th f ()2 - h A - I rn c G - I I I( ()2)e case 0 < 7ro ,we ave I - '2 p;' - 2' rn2c2 . 
If if> ~ 1, the motion of particle varies in direct proportion to the particle mass (see Tables 

3,9). The area of the quasi-spiral motion is narrowed as compared with to preceding case. For 
example, in rows 7, 9 of Table 3 r ~ 0.1. 
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In both cases, the particle frequency W p = A 1w falls far short of the wave frequency (see 
Tables 5,6,9,10), in this with decreasing () the particle frequency diminishes especially for electron 
(cf. Tables 3,4). 

Case no = -l.
 
Al = 2, Z = -cI(r2 - (}2), P = -I(r2 _ (}2), G 1 1 d
= 2" p;' an 

That is to say, in this case the particle frequency is twice as much as the wave frequency. 
The motion of particle is independent of its mass (see Table 6). At least, the quality is still 
retained in the circular cone with the axis along Oz and with apex angle of cone (7r - 10-3 ) rad 
(see Table 5). In this case the area of the quasi-spiral motion is the greatest, since the particle 
parameters and the wave parameters complement each other from the viewpoint of expanding 
this area. For example, r ~ 10-13 in rows 7, 8 of Table 5. 

Conclusion 

In summary let us take up the results of APPENDIX A. 
Comparing rows 5, 7 of Tables 1, 2 and rows 7, 8 of Tables 7, 6 we see that the motion of 

particle is practically the same in these cases. It allows one to conclude that the motion of a low 
energy particle in high-powered TEM is independent of the polar angle in the range from 0 to 
10-3 rad and, thus, the particles, entering TEM with an angled initial momentum in this range 
move the same. Consequently, TEM may be used both as a focuser or as a means for deflecting 
the beam. In the latter case, p remains invariant within the indicated limits of angles and it is 
possible that these limits m'ay be belled up to 10- 2 rad as the estimations above show. 

Further note that fl£ has a great value in rows 7, 8 of Tables 1,2 (7, 8) and in the last rows 
of Tables 4, 5. This suggest the use of TEM as an accelerator of charged particles. But here, 
while the problem of radiative friction is not as challenging as the motion of a charged particle 
in the stationary uniform magnetic field, this problem requires a more sophisticated treatment 
with the use of TEM as an accelerater. 

There is a need to note that the particle frequencies are various for the different Po, in 
particular, for electrons with 0 0 = 0 (cf. Table 1 and Table 3). Here the difference of frequencies 
are by thirteen orders! And the particle frequency is twice that of the wave frequency when 
both the particle and TEN move to meet each other (see Table 6). 

Finally, it should be noted that the particle parameters and the wave parameters given in 
APPENDIX A are the limiting values for m, Po, 0 0 , P, and A for the bulk of beams and TEM 
([5],[6]). Since these parameters in T, Po, and a changemonotoneously [3], so the results of 
APPENDIX A provide a useful approximate estimate on the motion of an arbitrary particle in 
an arbitrary TEM. 

4
 



II Table l. I 
Particle is electron. 

IPol = 103e 
;: E> = Orad. 

N p A Sp p A£ a:z;y az w 
1 10 ·a 0.5 O(z) 0.7* 10 .!:I 0.5 * 10 -lb 0.2 * 1016 0.7 * lOb 0.6 * 1015 

2 - - O(y) 0.4 * 10 15 0.1 * 10 -15 - - -
3 - lOa O(z) 0.1 * 10 -/) 0.2 * 10 ·a - 0.1 * 10!:l 0.3 * IOu 

4 - - O(y) 0.1 * 10-8 0.5 * 10-9 - - -
5 101u 0.5 O(z) 0.2 * 10 -2 0.5 * 10 ·2 0.8 * 1022 0.5 * 1018 0.6 * 1015 

6 - - O(y) 0.1 * 10-8 0.1 * 10- 2 - - -
7 - lOa O(z) 0.4 * 101 0.2 * lOb - 0.1 * 10:&:.1 0.3 * IOu 

8 - - O(y) 0.5 * 10-a 0.4 * 104 - - -

II Table 2. I 
Particle is electron. 

IPol = 10
3e 

: E> = 10-3 rad. 

N p A Sp p A£ azy az w 
1 10-3 0.5 O(z) 0.6 * 10-4 0.5 * 10- 15 0.2 * 1016 0.6 * 105 0.6 * 1015 

2 - - O(y) - 0.2 * 10-10 - 0.5 * 1010 -
3 - 103 O(z) - 0.2 * 10-8 - 0.1 * 109 0.3 * 1012 

4 - - O(y) - 0.2 * 10- 7 - 0.5 * 1010 -
5 1010 0.5 O(z) 0.2 * 10- 2 0.5 * 10- 2 0.8 * 1022 0.6 * 10HS 0.6 * 1015 

6 - - O(y) 0.6 * 10-4 0.1 * 10- 2 - - -
7 - 103 O(z) 0.4 * 101 0.2 * :105 - 0.1 * 1022 0.3 * 1012 

8 - - O(y) 0.4 * 10 ·2 0.4* 104 - - -

I Table 3. I 
Particle is electron. 

IPol = 1012 
e;: E> = Orad. 

N p A Sp p ~£ azy az w 
1 10-3 0.5 O(z) 0.1 * 10- 2M 0.1 * 10-- 21 0.8 * 10 10 0.8 * 10 -27 0.8 * 102 

2 - - O(y) 0.8 * 10 'l:.! - 0.2 * 10 ·3 - -
3 - lOa O(z) 0.7 * 10 -3:.1 - 0.4 * 10-13 0.9 * 10-27 0.4 * 10- 1 

4 
5 

-
101u 

-
0.5 

0(:1/) 
O(z) 

0.8 * 10 -22 

0.4 * 10 -22 

-
0.0 

0.2 * 10 -3 
0.3 * 10-3 

-
0.8 * 10 14 

-
0.8 * 102 

6 
7 
8 

-
-
-

-
103 

-

O(y) 

O(z) 
O(y) 

0.3 * 10 
0.2 * 10 
0.3 * 10 

-10 

-25 

15 

0.1 * 10·-a 

0.0 
0.1 * 10-- lS 

0.5 * 103 

0.1 * 10 ·6 

0.5 * 103 

-
-
-

-

0.4 * 10 
-

1 
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II Table 4. I 
Particle is electron. 

IPol = 1012 e;: e = 10-3 rad. 
N 
1 
2 
3 
4 
5 
6 
7 
8 

p 
10-3 

-
-
-

1010 

-
-
-

>. 
0.5 

-
103 

-
0.5 

-
103 

-

Sp 

O(z) 

O(y) 

O(z) 

O(y) 

O(z) 

O(y) 

O(z) 

O(y) 

p 

0.3 * 10-1 

-
-
-
-

-
-
-

tl£ 
0.2 * 10- 15 

-0.2 * 10-1 

0.0 
-0.4 * 10-1 

0.2 * 10 .;.1, 

0.1 * 10° 
0.1 * 10-B 

0.1 * 106 

azy 

0.6 * 103 

0.2 * 103 

0.6 

0.6 * 103 

0.2 * 1010 
0.6 * 10~ 

0.2 * 107 

0.2 * 1010 

az 

0.9 * 10 14 

0.2 
0.1 * 10- 13 

0.6 

0.9 * 10 1 

0.1 * 10'( 

0.1 

0.2 * 107 

w 

0.3 * 109 

-
0.2 * 10° 

-
0.3 * 109 

-
0.2 * 106 

-

Table 5.I 
Particle is electron (proton). 

IPoI = 1012 e;r e = (1r - 10-3 )rad. 
N p tl£>. Sp wp azazy 

10-3 -0.1 * 10 ·:&10.5 0.4 * 10 "(1 0.3 * 10 1 0.2 * 10 lU 0.1 * 1010
O(z) 

0.2 * 10"(0.5 * 10 "Ii2 -- -- - O(y) 
3 103 0.7 * 10- 4 0.6 * IOu 

4 
- - 0.5 * 10 10 0.2 * 10 lUO(z) 

0.2 * 10"(0.1 * 10- 4- -- -O(y) -
10 lU 0.1 * 10 ·lS0.55 - 0.8 * 1010 0.1 * 10100.4 * 100

O(z) 
6 -- - 0(1/) - -0.1 * 10 1 0.8 * 1013 

7 103 0.4 * 10-2-- 0.7 * 1090.8 * 1016O(z) 0.6 * 1012 

8 - - -- - O(y) 0.3 * 102 0.8 * 1013 

Table 6.II I 
Particle is electron (proton).
 

IPol = 1012 e;r e = 1rrad.
 
p Sp tl£N >. p wazazy 

10-3 -0.2 * 10-;.1,10.51 0.4 * 10-15 0.4 * 10- 70.2 * 1010O(z) 0.1 * 1016 

2 0.9 * 10- 22 - -- - O(y) - -
150.6 * 10 12103 0.7 * 10 ·43 0.6 * 101:& 

4 
- -0.5 * 10O(z) 

0.4 * 10 10 -- - - -

5
 

0.1 * 10 10
O(y) 

1010 0.5 0.1 * 10-8 0.1 * 10-BO(z) 0.8 * 1016 0.4 * 106 0.1 * 1016 

6 0.3 * 10- 15 0.3 * 10-9- - -- 0(1/) -

7
 103 0.2 * 10-5 0.5 * 10-2 -- 0.7 * 109 0.6 * 1012 

8 
O(z) 

0.1 * 10 ·B- - - -0.1 * 10 2
O(y) -

....
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II Table 7. I 
Particle is proton. 

IPol =10
3e 

;  e =Orad. 

N 
1 

p 
10-;i 

.\ 
0.5 

Sp 

O(z) 

p 

0.4 * 10 H 

Dt.c 
0.3 * 10- 1ts 

a zy 

0.1 * 1013 
a z 

0.2 * 10 1 

w 

0.6 * 1015 

2 
3 

-
-

-
10;i 

O(y) 

O(z) 

0.2 * 10-18 

0.7 * 10-!::f 
0.7 * 10-19 

0.1 * 10 ·11 

-
-

-
0.4 * 10~ 

-
0.3 * 1012 

4 - - O(y) 0.7*10 12 0.2 * 10 ·12 - - -
5 
6 

10lU 

-
0.5 
-

O(z) 
O(y) 

0.1 * 10 ·5 

0.6 * 10-12 
0.3 * 10 ·5 

0.5 * 10--6 
0.4 * 1019 

-
0.2 * 1012 

-
0.6 * 1015 

-
7 - 103 O(z) 0.2 * 10-2 0.1 * 102 - 0.4 * 1015 0.3 * 1012 
8 - - O(y) 0.3 * 10- 5 0.2 * 101 - - -

II Table 8. I 
Particle is proton. 

IPol = 103e 
;' e = 10-3rad. 

N 
1 

p 
10-;i 

.\ 
0.5 

Sp 
O(z) 

p 
0.3 * 10 'r 

Dt.c 
0.3 * lOlls 

a;;y 
0.1 * 101 

;J 

az 

0.2 * 10 1 

w 

0.6 * 1015 

2 
3 
4 

5 

-
-
-

101U 

-
103 

-
0.5 

O(y) 
O(z) 
O(y) 
0(;;) 

-
-
-

0.2 * 10-5 

0.2 * 10 13 

0.1 * 10-11 

0.2 * 10-10 

0.3 * 10-5 

-
-
-

0.4 * 101!::f 

-
0.4 * 102 

0.1 * 104 -
0.2 * 10H 

-
0.3 * 1012 

-
0.6 * 1015 

6 
7 
8 

-
-
-

-
10;i 

-

0(1/) 
O(z) 
0(1/) 

0.4 * 10-7 

0.2 * 10-~ 

0.3 * 10-5 

0.5 * 10-6 

0.1 * 102 

0.2 * 101 

-
-
-

-
0.4 * 1015 

-

-
0.3 * 1012 

-

Table 9. III 
Particle is proton. 

IPol = 1012 e: e = Orad. 
p wSp Dt.c.\N p a zazy 

0.2 * 10'-15 0.7*10 ·1410-3 0.5 * 10;i 0.1 * 10- 150.5 0.3 * 109 

2 
1 O(z) 

0.1 * 10'-150.2 * 10-15 -0(1/) ' -- -
10;i 0.1 * 10 130.8 * 10 '1!::f 0.0 0.5 0.1 * 1063 O(z)-

0.4 * 10'-15 0.3 * 10- 154 0.5 * 103 -

5
 

0(1/) -- -
10lU 0.2 * 10 ,2 0.7*10- 10.4 * 10!::f 0.5 0.2 * 1010 0.3 * 109 

6 
O(z) 

0.1 * 10-20.7 * 10- 9 - - -

7
 

0(1/)- -
0.10.3 * 10-12 0.7*10- 9103 0.1 * 106 

8 
0(;;) (l.1 * 107-

0.8 * 10- 12 0.4 * 10-2 0.2 * 10lU -- -0(1/)-

---------."./ 
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II Table 10. 
Particle is proton. 

\Pol =1012 e~ E> = 10-3 rad. 
N P ~ Sp p !::J.c azy az w 
1 10-3 0.5 O{z) 0.3 * 10-1 0.3 * 10- 15 0.1 * 104 0.2 * 10- 13 0.6 * 109 

2 - - O{y) - 0.2 * 10 ·1 0.7 * 10~ 0.1 * 101 -
3 - 103 O{z) - 0.7 * 10- 21 0.2 * 101 0.5 * 10- 13 0.3 * 106 

4 - - O{y) - 0.4* 10 ·1 0.8 * 102 0.1 * 101 -
5 1010 0.5 O(z) - 0.3 * 10-2 0.4 * 1010 0.2 0.6 * 109 

6 - - O{y) - 0.4 * 105 0.2 * 109 0.4 * 107 -
7 - 103 O(z) - 0.7 * 10-8 0.7 * 107 0.5 0.3 * 106 

8 - - O(y) - 0.1 * 106 0.2 * 109 0.4 * 107 0.3 * 106 
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APPENDIX A 

The particle (electron or proton) with the value of Po = 103 ,1012 (e;') in the initial point of four
dimension space [0,0,0,0] with E> = 0,10-3

,71'",71'" - 10-3 (rad) and with 4>0 = 0 (rad) enter TEM (a 
laser wave) with a wave power P = 10-3 ,1010 (Watt) with a wave length ~ = 0.5,103 (jLm), and wi~h 

4> = 0 (rad). TEM is a linear polarization with Sp = O(z)' This is true that TEM is polarized in the 
coordinate plane Oyz and with Sp = O(y) this is true that TEM is polarized in the coordinate plane Oxz. 

The terminal time is t = 10-9 (s). 
From formulae [3] we calculate the following values corresponding to the motion of particle in TEM: 

p = V:z: 2 (t) +y2(t)(sm), !::J.c = c(t) - co(eV), azy = Ja~ +a~(~), az(',":'), and w(,~c) is the particle 

frequency. 

APPENDIX B 

:z: = :Z:o + R[(Poz - teE1sin4>0)T - All w\ eElC(4»] 
y = Yo + R[(Poy + gteE2cos4>0)T - gAll w\eE2S(4))] 
z = Zo + ZT. 
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where 
A = £:ElS(4))[-E~S(4>)cOS(4>) + E~C(4))sin(4>)]-

:z: .!.[gE1E2POY S( 4> )sin( 4» + 2E~ Po:z:S( 4> )cos( 4» - E~ Po:z:C( 4> )sin( 4>)] 

PO:z:(E1PO:z:coS(4» + gE2POy sin(4)) , 

Ay = 9 £: E2C( 4>)[E~ S( 4> )cos( 4» - E~C( 4> )sin( 4>)] 
.!. [;E1E2PO:Z:C( 4> )COS( 4» + 2E~PoyC( 4> )sin(4» - E~ POyS( 4> )cos( 4>)] 
POy(E1PO:z:coS(4» + gE2 Poysin(4)), 

Az; = ;;[E~S(4))cos(4>) - E~C(4))sin(4>)] + E1PO:z:coS(4)) + gE2POy sin(4)). 

Case no = 1 and ¢ ~. 1 

x = xo + R[(Po:z:T - eEIAl(-~T2cos4>o + ~AlwT3sin4>o)] 
Y == Yo + R[(PoyT + eE2Al(~T2sin4>o + ~AlwT3cos4>O)] 
z = zo + ZT. 

Pz; = PPo. 

a:z: = R[A1eE1(cos4>o - A1wTsin4>o) +wA2A:z:], 

az; = ecA1A 2Az;. 

Here A:z:, Ay, Az; are the preceding A:z:, Ay, Az; where the trigonometrical functions are expanded in 4> ~ 1. 
In all cases 

V y = RPy • 
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