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Abstract

Boldyrev E.M. Peculiarities of Particle Motion in the Plane Monochromatic Electromagnetic Wave Field:
THEP 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 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 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.

AnaHOTanmsa

Bonneipes E.M. OcobeHHOCTN IBUXKEHUS YACTULLI B 3JIEKTPOMArHUTHOM IOJIe IIJIIOCKO MOHOXPOMAaTHYUE-
ckoit Bosiubr: [Ipenpuat MPBO 2000-55. — IIporBuno, 2000. — 9 c., 10 Tabn., 6ubmuorp.: 6.

Ilpu ycnoBum BUHTOBOTO NMPUONUKEHUS [BIKEHWUs YACTUNLI (B IIydYKe) B SIIEKTPOMATHUTHOM IIOJIE
IJIOCKOW MOHOXPOMATHYECKON AIMITUYECKN IOJISPU30BAHHON 3JIEKTPOTHUTHOW BOJIHBLI BBHISBIIEHBI OIIPE-
IeJIeHHbIE OCOOEHHOCTY YKA3aHHOTO MBUXKeHusA. 1loka3zaHo, 4TO eciiu OJjIsd YaCTUIbl HU3KOW SHEPTrUuu IBU-
XKeHre GU3NIeCKr TPEeNCcKa3yeMo: MBUXKEHNE MIPAKTUYIECKN HE 3aBUCUT OT TOTO, KAK IBUKETCS JACTULIA —
BIOJIb UJIX TPOTUB PACIPOCTPAHEHUS BOJIHBI; YACTOTa KOJIEOAHUS YACTUIBI CPABHAMA C YACTOTON BOJIHBI;
OTKJIOHEHUE YACTHUILI OT OCH HAYAJILHOIO IBUXKEHUS OOpATHO MPONOPHUOHAILHO ee Macce, TO IJIS Ua-
CTULBI BBICOKOW SHEPrUnU (yIIbTPAPESTUBUCTCKON JaCTHUIBI) OBUXKEHUE OOIANAET PANOM OCOOEHHOCTEN:
OBIKEHNE YACTUILI CYIIIECTBEHHO 3aBHUCHUT OT TOrO, KaK OBUKETCS YACTUIA — BIOJIb WX IIPOTUB pac-
TMPOCTPAaHEHUsT BOJHBI. B mepBoM ciydyae 4acTOTa KoeOaHWs YaCTUIBI MEHbIle 60jiee YeM Ha MIeCSTh
MIOPSIOKOB IJIMHBI BOJIHBI U CYIIIECTBYET BO3MOXKHOCTBH TOT'O, YTO OTKJIOHEHUE YACTUILI OT OCA HAYAJILHOTO
IBUXKEHNS IIPONOPLMOHAIBLHO ee Macce. Bo BTOpoM ciiydae JacToTa KojleGaHUsI JaCTUIEI BIBOE OOIIBIIE
YaCTOTHI BOJIHBI U IBUXKEHNE YaCTUILI HE 3aBUCAT OT ee Macchl. (OCOBGEHHOCTH, CBSI3aHHBIE C MaCCOM
YaCTUIILI, BHISBJIIEHBI BIIEPBLIE.
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Institute for High Energy Physics, 2000



INTRODUCTION

In high-energy physics considerable attention has been recently focused on the experimental
set-ups using the beam motion of charged particles in the electromagnetic laser 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 (10% eV) and high energy (10'% V)
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. If 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. If 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, vy, z, ct] is the laboratory system of coordinates and it has the signature [—, —, —, +]
(c is the velocity of light). The V = (V,,V,, V) is the vector. V,,V,,V, are the coordinates of

V.V =|V|=/(V2+V2+V2)




Infinitesimal quantities are considered in comparison with 1. In this case I(+a) = 1+ a if
a << 1.

We consider a particle with mass m and charge e (e = g.|e|, g. = %1, |e| is the magnitude
of e).

Particle parameters

7o = (Zo, Yo, 20), B, = (Pow, Poy, Po.), and &, 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 ¢y. In this case, Py, = Pycosposinby, Py, = Pysinggsinty, Py, = Pycosbty, Poyy =

maz (| Po.|, ‘POy)’ Ty = %'

Wave parameters

E and H are the respective electric and magnetic fields. FE; and F, are the respective
amplitudes of E, and E,, E,,.. = max(|E1|,|Es|). w and ¢ are the respective frequency and
phase of TEM. g = +1 is the degree of polarization. £ =t — 2.

(El cos(w§ - gp), gEQSin(w£ - ¥ 0)
(_gE2 Sin(wé - Qp)a El COS(LL)é - gp), O)a

§o=1t0 — 2, po = wo — p, ¢ =Wl — g, C(¢) = cosg — cosdy, S(¢) = sing — singy.

The TEM propagation in the z direction.

T=1t—t. .

r= ('Ta Y, 2) = ('T(t)a y(t)a Z(t))a P = (Pﬂc’ Py, PZ) = (Pw(t)a Py(t)’ PZ(t))a U= (Ux, Uy, UZ) =
(v (t), vy (t), (1)), @ = (az, ay, a,) = (ax(t), ay(t),a.(t)), and & = E(t) are the respective radius-
vector of particle, momentum of particle,velocity of particle, acceleration of particle, and energy
of particle at t.

E:
ﬁ:

2. ANALYSIS OF MOTION
With our conventions the classical equations of motion are
P =~ymv, & =~ymc?,
P _ oF 1 <[5, H], =g, (1)

ﬁ(tO) - pZ)a F(tO) - 77(35

where v = \/11_7, g=2

It follows that the motion of particle in TEM is well determined if #(t), P(t), £(t), #(t), and
d(t) of particle are determined in the laboratory system of coordinates (¢ € [tg, 00)).

Here the motion of particles of different mass are determined at the same initial conditions.
On this assumption, F_’;, and 7y 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(¢) is linear in t, v,(¢) and P,(t)
are constant, and |a,(t)| < |a,(t)],|a,(t)| 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



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 I' < 1, where

I =49E, .. (Y B, + Po.,)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 Py, < Py,
and Py, < P,,. For this it will suffice to require that 6y =60 (ng=1)and 6y =7—6 (no= —1)
where § < 1 and 7 = 3.14....

Then Py, = Pycospol, Py, = Pysingl, and Py, = noPyI(—0).

In that approximation solution (1) is presented in APPENDIX B.

A low energy particle. £ ~ mc? i.e. my < 1.
In this case we have: R =+, Z =noPy~, P=mng, A3 =I(—nym), Ar=—=5, G=

m2c2 )
1 1 2
e _Po I(n()ﬂ'() + 0 )

&= mCQI(n(ﬂTQFQ + 71'3), V, = %NQPQI(—HQTFQFQ — 7Tg)

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 Py <« 1. Moreover, it can be enhanced at the cost of an increase of
the wave frequency. In other words, P, and the wave frequency balance out each other, which
narrows down this area.

A high energy particle. & > mc? and thus 7, ' < 1. In this case we have R = Pio, A, =
Pig, and
E = cPI(T? + 75 ?).
Furthermore, a distinction needs to be made between the case ng = 1 and the case ny = —1.

Case ny = 1. In this case: Z = cI(T? - 6?), P =I(I?-6?%), and v, = cI(—0* — 75 ?).

Here a possibility exists that ¢ < 1.

In the case of ny = 1, a distinction needs to be made between the case m,? < 6% and the
case 0% < m; .

In the case of 7y ? < 62, we have 4; = 6%, G = 6%

It immediately follows that in this case TEM becomes less and less discriminate to the
particle mass as 6 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 I" ~ 0.01.

In the case of 6> < 7,2, we have A; = %m;;, G=1=51(0%).

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 I" =~ 0.1.




In both cases, the particle frequency w, = Ajw falls far short of the wave frequency (see
Tables 5,6,9,10), in this with decreasing 6 the particle frequency diminishes especially for electron
(cf. Tables 3,4).

Case ny = —1.
A =2, Z=—-cII?*-6%), P=-IT*-0%, G-=

v, = —cl(—0% — 7, ?).

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 (m —1073) 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, I' ~ 1072 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
1073 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 may be belled up to 1072 rad as the estimations above show.

Further note that A€ 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 Py, in
particular, for electrons with ©y = 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, Py, ©¢, P, and A for the bulk of beams and TEM
([5],[6]). Since these parameters in 7, Py, and @ change monotoneously [3], so the results of
APPENDIX A provide a useful approximate estimate on the motion of an arbitrary particle in
an arbitrary TEM.



Table 1.
Particle is electron.
|Py] =10%<Y © = Orad.
N P A Sp P AE Ay a, w
110730504 || 07«107° [ 0510 [ 0.2x10% [ 0.7x10° | 0.6+ 107
2| - - [0 [[04%x10715 [ 0.1%10°15 - - -
3] - [10°]0u || 0.1x107° [ 0.2%10°° - 0.1x10% | 0.3x10"
4| - - [0 [[ 0.1x10°% | 0.5%x10°7 - - -
5110 ] 05 [0y || 02%107% | 0.5%10 % | 0.8% 10?2 | 0.5 10" [ 0.6 % 10"
6| - - [0 [[ 0.1x107% | 0.1x1072 - - -
7] - [10°]04 || 04x10" [ 0.2x10° - 0.1x10%% | 0.3x10"
8| - - |0y ] 05%107% [ 0.4%10* - - -
Table 2.
Particle is electron.
|Py| =10°<Y © =10"%rad.
N P A Sp P AE Ay a, w
1 [103]05 |0y || 06x10F [ 05101 | 0.2x10% | 0.6%10° | 0.610'°
2| - - | 0y - 0.2x10°1° - 0.5 1010 -
3] - [10°] 0 - 021078 - 0.1x10° | 0.3x10"?
4] - - | 0y - 0.2% 107 - 0.5 1010 -
5] 10° 105 ][04 [[02%1072 ] 0.5%x10"2 [ 0.8x10%* | 0.6 % 10'® | 0.6 % 10°
6| - - |04 [[06x10"" ] 0.1x10°2 - - -
7] - [10°] 04 || 04x10" | 0.2x10° - 0.1x10* | 0.3%10"
8| - - [0y []04x1072 ] 0.4x10* - - -
Table 3.
Particle is electron.
|Py| = 1012¢Y © = Orad.
N P A Sp P A& Ay a, w
1[10%]05 |04 [|01x1072 [0.1%10"2' [ 0.8%10 1% | 0.8% 1027 | 0.8x10”
2| - - [0 [[08x10~" - 021073 - -
3] - [10°] 0 [ 0.7x107*2 - 0.4x10° 3 [ 0.9%«107% [ 0.4 10T
4] - - [0 [[08x10"% - 021073 - -
5 110" [ 05 [0 [| 0.4%x10"22 0.0 0.3x107% | 0.8%107 1" [ 0.8 102
6| - - |04 [[03%x107 [ 0.1%x10°% | 0.5x%10° - -
7] - [10°] 0 [ 0.2%x10% 0.0 0.1x1079 - 0.4%10°!
8| - - |04 [[03%x107 [ 0.1%x10°% | 0.5x%10° - -




Table 4.

Particle is electron.

|Py| =102 © =10 3rad.

AE

N Sp p Ay a, w

1103105 |0 [[03%1071 ] 0.2%x107* | 0.6%10° | 0.9x10"* | 0.3 10°

2| - - [0y - —0.2%10~"' | 0.2%10° 0.2 -

3] - [10%] 0 - 0.0 0.6 0.1x10"* | 0.2%10°

4] - - | 0y - —0.4%10"" [ 0.6 107 0.6 -

5 110" ] 0.5 | 0y - 0.2x10"% [ 0.2%10™ | 0.9x10~* | 0.3x10°

6| - - | 0y - 0.1x10° | 0.6x10° | 0.1x107 -

7] - ]10%] 0y - 0.1x107% | 0.2x107 0.1 0.2 x 10°

8| - - | 0y - 0.1x10° [0.2%10% | 0.2x107 -

Table 5.
Particle is electron (proton).
|Py| = 1012¢X @ = (7 — 10 3)rad.

N P A Sp P AE Ay a, w
110730504 [[03%107F [ —0.1%x10 21 [ 0.2%10™ | 0.4%107 | 0.1%10'°
2| - - | 0 - 051078 - 0.2 %107 -

3] - [10°] 0 - 0.5%10°" 10.2%10" | 0.7%10~* | 0.6« 10"
4] - - | 0 - 0.1x10~7 - 0.2 %107 -
51107 [ 05 [ 0y - 0.1x10°% ] 0.8%10° | 0.4%10° | 0.1x10'°
6| - - | 0y - 0.1x10"* - 0.8 %103 -

7] - [10°] 0 - 0.4%10°2 ] 0.8x10'° | 0.7x10 | 0.6x 10"
8| - - | 0y - 0.3 % 10? - 0.8 %103 -

Table 6.
Particle is electron (proton).
|| =1012¢Y @ = rrad.

N P A Sp p A& Ay a, w

1 [1073[05 |04 [[04x107 [ =0.2x10"21 | 0.2%10™ | 0.4x10°7 [ 0.1x10%C
2| - - [0 [[09x1072 - - - -

3] - [10°]04 []0.6«x10""2] 0.5%10°"° - 0.7%10~* | 0.6+ 10"
41 - - | 0g [[04%10°15 [ 0.1x10°"° - - -
5110 [ 05 [0y || 01x107® | 0.1x10"® | 0.8%10* | 0.4%10° | 0.1x10'°
6| - - |0y 103107 | 0.3%x10° - - -
7] - [10°] 04 || 02%107° | 0.5%10°* - 0.7%10% | 0.6x10"
8| - - |04 ] 0151078 [ 0.1x10°2 - - -




Table 7.

Particle is proton.

|Py] =10%<Y © = Orad.

Sp

AE

N p Qzy a, w

1 [103]05 [0 [[04%107"2]0.3x10"18 [ 0.1%10" [ 021071 [ 0.6+ 10"
2| - - [0 [02%10°"% | 0.7%10"19 - - -

3] - ]10°| 0@ || 0.7%107% | 0.1x10" 1 - 0.4 %107 | 0.3x10'2
4| - - [0 [0.7x1072 [ 02510712 - - -
51107 [ 05 [0y [| 011075 | 0.3x107° | 0.4x10™° | 0.2x10™ [ 0.6 % 10'°
6| - - | 0g) [[06%107"2 ] 0.5%10°° - - -

7] - ]10° |04 || 0.2%x107% | 0.1x10? - 0.4%10% | 0.3x10'2
8| - - [0 [ 03x107° | 0.2x10 - - -

Table 8.
Particle is proton.
|Py| = 10°<Y. @ =10"3rad.

N P A Sp P AE Ay a, w

1 [10°[05 [0y [[03%1077 [ 0310 | 0.1x10 | 0.2x10° [ 0.6+ 107
2| - - [0 - 0.2%10°13 - - -

3] - [10° 0wy - 0.1x10° 17 - 0.4%10% [ 0.3%10"
4] - - | Oy - 0.2%1071° - 0.1 10" - -
510 105 ][00 [[02%107° ] 0.3%x107° [ 0.4%10" [ 0.2%10™ | 0.6 % 10"
6| - - |0y [[04%10°7 | 0.5%10°° - - -

7] - [10°] 0w ] 02%1072 | 0.1%10° - 0.4%10% | 0.3 % 10"
8| - - |04 [[03x107° ] 0.2%10! - - -

Table 9.
Particle is proton.
|Py| = 1012¢Y © = Orad.

N P A Sp p A& Ay a, w

1 [102]05 |0 [ 01107 ] 0.2%10°1° | 0.5%10% | 0.7%10""* | 0.3 % 107
2| - - |0y [[02x10"55 [ 0.1x10° - - -

3] - [10°] 0 [ 0.8x10"1 0.0 0.5 0.1x10"'3 [ 0.1%10°
41 - - | 0g [[03%x10" [ 04%10"" | 0.5%10° - -

5] 101° 105 ][04 || 04107 | 0251072 | 0.2+ 10" | 0.7%10~" | 0.3 10°
6| - - |04 [ 0741079 [ 0.1x102 - - -

7] - [10°] 04 [[03%x107"2 ] 0.7%«10°% | 0.1%107 0.1 0.1 10°
8| - - |0 ] 0.8%107*2 | 0.4%10"2 | 0.2%10'° - -




Table 10.
Particle is proton.
|Py| = 1012 © =10 3rad.
N P A Sp p AE Ay a, w
1 [107% ] 05|04 [| 03107 [ 031075 | 0.1x10" | 0.2%10~ [ 0.6 x 10°
2| - - | 0 - 02x1071 | 0.7+10% | 0.1x10! -
3] - 110 [ 0wy - 0.7%10°2* [ 0.2x10' [ 0510~ | 0.3%10°
4] - - | 0 - 041071 | 0.8%10% | 0.1x10! -
5110 ] 0.5 [ 0 - 0.3%x1072 | 0.4%10" 0.2 0.6 * 10°
6| - - | 0 - 0.4%10° | 0.2x10° | 0.4%107 -
7] - 110° [ 0wy - 0.7%107% | 0.7 10" 0.5 0.3 % 10°
8| - - | 0y - 0.1x10° | 0.2%10° | 0.4x%10" [ 0.3%10°
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APPENDIX A

The particle (electron or proton) with the value of Py = 103,102 (£¥) in the initial point of four-
dimension space [0,0,0,0] with © = 0,1072, 7,7 — 1073 (rad) and with ¢y = 0 (rad) enter TEM (a
laser wave) with a wave power P = 107,100 (Watt) with a wave length A = 0.5,10% (um), and with
¢ = 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 = 0, this is true that TEM is polarized in the coordinate plane Oxz.

The terminal time is ¢t = 107 (s).

From formulae [3] we calculate the following values corresponding to the motion of particle in TEM:

p = /22(t) +y2(t)(sm), AE = E(t) — Eo(€V), aay = 1/a2 + a2(%), a-(2%), and w(<L) is the particle

frequency.

APPENDIX B

z =20 + R[(Pos — LeEysingo)T — A7 2eE1C(9)]
y=yo + R[(Poy + g%eEQCOS(bQ)T - gAl_lﬁeEgS(@]
z=2zy+ ZT.

P, = Py, + LeE15(9),

P, = Poy — geB2C(9),

P, = PP,.



a; = eR[A1E1cos(d) + Az A,
ay = eR[gA1 Eazsin(¢) + Az A,],

a, =ecA1AxA,.

where
Ay = S E18(0) [~ E2S()cos(9) + B3C(9)sin(¢)]—
£ [gE1E>PoyS(¢)sin(¢) + 2E7 PopS(¢)cos(¢) — E3 P C(¢)sin(¢)]—
POx(EIPOxCOS(¢) + gEQPQySin((b),

Ay = g5 E2C(9)[E2S(¢)cos(¢) — B2C(¢)sin()]—
f[gElEQPOxC((b)COS((b) + 2E§P0y0(¢)sm(¢) - E%POyS((b)COS((b)]—
P()y (ElPOxcos((b) + gEQPQySin((b),

A; = £[ETS(9)cos(¢) — E3C(§)sin(¢)] + ErPoacos(¢) + gE2Poysin(g).

Caseng=1and p K 1
x =z + R[(Po.T — eElAl(—%TQCos% + %Alessinfbo)]
y =yo + R[(Po,T + eEQAl(%TQSin¢Q + %Alescos%)]
z=2zy+ ZT.
P, = Py, — AreEq(—Tcosp + %AlTQwsimbo),
P, = Py, + gAieEx(Tsing + %A1T2w005¢0),
P, = PP,.
a; = R[A1eE1(cospg — AiwTsingg) + wAz A,
az = RlgAieEs(singg + AiwTcospg) + wAzAyl,

a, =ecA1AxA,.

Here A;, Ay, A, are the preceding A,, Ay, A, where the trigonometrical functions are expanded in ¢ < 1.
In all cases

v, = RP,, vy = RP,.



E.M.Bonnsipes
OCOGEHHOCT ~ OBIMXKEHWS  YaCTUIBI B SJIEKTPOMATHATHOM  TOJI€  ILJIOCKOM
MOHOXPOMATUIECKON BOJIHBI.

Opurunan-MakeT ITOATOTOBIIEH C MOMOIIEIO cucTeMbr IATEX.
PenaxTop E.H.I'opuna. Texuwuecknit pemaktop H.B.Opiosa.

Tlognucano kx meuaTu 29.11.2000. dopmar 60 x 84/8. Odcernast nmeyaTs.
Ileu.n. 1.12. Yu.-u3m.a. 0.9. Tupax 160. 3aka3z 42. WNunexc 3649.
JIP Ne020498 17.04.97.

THII P® NucTuTyT QU3NKM BHICOKUX DHEPTUI
142284, TIporBuro MockoBcKoit 067T.



Nunexc 3649

OPEIIPUHT 2000-55, noBDYH, 2000




