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ABSTRACT

In this paper the average energy and the magnetic moment conservation laws in the
Drift Theory of charged particle motion are obtained in a simple way. The approach
starts from the energy and magnetic moment conservation laws and afterwards the
average is performed. This scheme is more economic from the standpoint of time and
algebraic calculations than the usual procedure of Bogolyubov's Method.

INTRODUCTION

There is nowadays a great interest in developing the Drift Theory to higher ap-
proximation order through different methods ' -3, though the development of the Drift
Theory to higher order involves laborious algebraic calculations. In view of that, the
algebraic simplification methods is important particularly those based on a suitable
choice of variables.

The need to find a starting new variables set which permited to simplify the
algebraic labour has not been presented before due to that first order Drift Theory
involved lenghty calculatious -is not a problem- but to higher order.

Our strategy to find suitable variable set consisted in to note that the starting
variables of Bogolyubov's Method (r, vy, v.,8). where r is the position vector radius
of the particle, v and v, are the parallel and perpendicular velocities respectively and
0 is the rapidly rotation phase about the magnetic field, permited to find the drift
equations (4, 4F, ©£). where E is the energy and M the magnetic moment. Then it
arises the question if it is possible to obtain the drift equations starting from the new
variables set (r, E, M, #) that they simplify the tedious algebra and besides it permits
to calculate in a simple and staightforward way the drifit equations. The comparision
between the labour done with these new variables and the older ones shows that the
calculations with new variables were as far less laborious than older ones but final
results are identical.

273



DERIVATION OF DRIFT EQUATIONS IN A NEW APPROACH

The first order drift equations are obtained in a new approach not taking into accout
relativistic effects. This approach makes possible the obtaintion of drift equations in
straightforward and simple way by using the new variables set (v, E, M, 8). Then we
start from:

% = Vy+vycosf +vssind =1,

2 = B+ Bcost+ Eysind= g (1)
%{ = M, + M, cosf + Mysin 0 + M, cos 20 + Mssin 20 = fr,

% = w+C;+C'sco8f--C'y8in8 + Cscos20 — Cysin20 =w+ fo ,

where w is the cyclotron frequency and v's. E's, M's and C's are given in Appendix |.

The solution of system (1) is found in a power series through a small parameter

€ which is the ratio between the Larmor radius and the characteristic lenght of the
inhomegeneity of magnetic field:

v = & +egu(irt,a)+-- (2)

§ = a+eq1(€,-,t,a)+--- (3)

where z,(r, E, M) and the variables £ and a satisfy the equations*:

% = o€, t) + epm(€ift) + - (4)
%-:- = %w(f.-,t) +iﬂu(fi,t) + e(€i,t) + - (5)

The aim of this paper consists in determining; the unknown functions gy, ¢i, {3, ;,
©oks P1x and so to find the drift equations:

ﬁ :po',+ f‘ol' s
€ =por + eprs +- (6)
Y=o +epip+ -

The expressions for the unknown functions are obtained substituting equations
(2-5) into (1) and equating the expressions of the same order:



ir =5 (842) } (bysin 0 — &, cond)
gic =4 (E8in 0 — By cosd)
gip =4 (Masind — Mycosf + M sin 20 - M cos 26)
o =i (c;.inow;co-o +Gsin20 + G cos29 — (34R) 13 f)
por=[HEMBY) by,
por=(2E - MB)m|} (P - &) = E,
on=-M[UEE} (V. ) - 4¢ (48 4 [HEMB}Y, ) = M,
Pr=4R(-2)(8 Vx &) +1{e x [P - UEMRIT — MDTu )
Pre=ME (& VxF—(F-&)(& Vxé)}-E%[Vu, x P ¢ - UM T x F|.¢,
Pr=t {8 VxP - UMA . U xT-[(P-2)- ¥BV\w]4 V x4}
The system (6) can be simplified with the following change of variables:
M=M+ M[aEMB Y (Vs
E =F ,
therefore
=[5t 1 (- 2 n)
% =mPF §+M8; . (VxPF)
=M.V xP- P
in these formulas the apostrophe has been omitted for reasons of clearness.
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CONCLUSIONS

It is shown that it exists an alternative way to obtain the drift equations by choosing

a new variables set, this way is simpler than usual one besides it has two advantages:
i} it reduces the algebraic calculations ii) it permits to obtain in straightforward and
simpler way the energy and magnetic conservation laws.

APPENDIX I
Vi =yé
Vv, =u1é
Vs = U_Laa

f =éco80+ésind

E, = |2m(E- MB)}} (P -3)

Eg = ZMMB(FéQJ

Ey = 2mMB(F - &)

M =(%n)! P [z 7 [sEcknl]dgy sy p)
M, = —M[-l—12 E-MB ]*(V-él)—- zﬁ‘{%?*‘ [ZIE_;!EI]* VlB}
M2=M~éz

M;=M-é¢

M, = [—(—)-] (T221 ~ Tom)
M[—L———ll (Tas1 + Ts21)
C - (m)* {F gB=MBI _ [zw—ug)]i%e;}
C = —‘z‘['i;mb‘ﬂ]‘(ﬁ 'V x b+ 2Ton) - (G- & - B &)
C;, =(C-%j-+ (“:‘,‘B)*Tssz
€} = (C- &) + (242) Tny
C, = L[JE-_J]*(Tm - Tsa1)

Cy = 1[-1—-—1] (T2sy + T321)
T = (Cl V) é,
T.‘,'hz é; (é,' - V) é
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