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A new method is developed for solving Boltzmann’s kinetic equation for a fully ionized plasma
situated in a magnetic field. The method is based on assumptions that are characteristic of a
collision plasma and differ from the assumption of the ordinary theory of transport phenom-
ena. A system of macroscopic equations is obtained for a zero-pressure plasma in a straight
magnetic field; these equations describe ‘‘drift’’ processes in the plasma more correctly

than Braginskii’s system of equations (2],

1. INTRODUCTION

WE present in this paper a method of solving
Boltzmann’s kinetic equations for a fully ionized
plasma situated in a magnetic field, under the
following main assumptions:

A. The characteristic time 7 of the problem
is of the order of the ‘‘drift’’ time, i.e.

1/7 = 04, ~ pvr/a,2 (1.1)

Here v is the thermal velocity of the particles,
p their Larmor radius (p ~ vy/wp, where wp
= eB/mc is the cyclotron frequency, e and m the
charge and mass of the particles, B the magnetic
field, and c the speed of light), and a ] is the

characteristic transverse dimension of the plasma.

B. The frequency v of pair collisions greatly
exceeds the frequency (1.1):

V>(Ddr . (1.2)
C. The magnetic field is sufficiently strong:
(OB>‘V- (1.3)

Assumptions (1.1)—(1.3) are typical of prob-
lems involving the stability of a collision plasma
in a strong magnetic field (cf., e.g., the review[i]).
The initial equations used in investigations of such
problems are as a rule the system of transport
equations derived by Braginskﬁ.[” The sufficient
condition for the applicability of this system of
equations is assumed to be smallness of the fre-
quency of the investigated process compared with
the frequency of the pair collisions and the rela-
tive smallness of the spatial gradients. These are
the very assumptions on which Braginskii’s de-
rivation is based.?! However, when these equa-
tions are used, sight is frequently lost of the fact
that they were derived neglecting the second-ap-

proximation distribution function. We shall show
in this paper that this assumption, which at first
glance is natural, is not universal (this is also
indicated in [3]). In particular, it is precisely in
the case of processes having a characteristic time
(1.1) that certain second-order terms can be
comparable with first-order terms, Consequently
the use of Braginskii’s equations in problems
where the corresponding first- and second-order
terms are significant may lead to physically in-
correct results,

Without using additional assumptions, in which
account is taken of the specific features of the
concrete problem, it would be very difficult to
calculate the first-order corrections. Introduction
of the limitations (1.1) and (1.3), and of a few
others typical of stability problems (see Sec. 2),
leads to appreciable simplification, and the deter-
mination of the necessary number of higher ap-
proximations becomes practically realizable. At
the same time, in the presence of the foregoing
additional assumptions we can construct a system
of approximations that differs from [2], in particu-
lar, in the fact that terms making comparable
contributions appear at frequencies of the order
of (1.1) only in the same order of approximation.
The main purpose of the present paper is to con-
struct such a system of approximations. The
method developed here is similar in principle to
that used in one of Braginskii’s papers 1) ¢ cal-
culate the particle and heat fluxes transverse to a
strong magnetic field.

2. APPROXIMATIONS USED IN THE PRESENT
PAPER

1. Basic approximations. The starting point in
this paper, as in Braginskii’s [21, is Boltzmann’s
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kinetic equation for electrons and ions with a
collision term in the Landau form (5

a B]\ 9f.

T r it (61 ) Ao, aps
Sa= Sur (2.2)

b

S - aneazebz_zg fa(¥) 0fy (V')
@ = my  0vg my  Ovg’

_ h(Y) 3a(v) ,
i }Uaﬂdv, (2.3)
Uup = u=3(u?0ap — uaup), up=veg—uvg.  (2.4)

The indices a and b denote here electrons (e) or
ions (i), f is the distribution function, A the
‘“Coulomb logarithm,’’ and E the electric field.
The remaining symbols have already been defined.
Where possible, we shall omit the electron and
ion subscripts.

We shall solve (2.1) under the assumption that
the following parameters are small quantities and
have the same order of smallness e:

Voo o an Ve—Vi Vi eEL e )

b b b 2 b 9 b I
( OB v aj a vr Ur mpUr MvVUT

~eZl

Here v is the frequency of the pair collisions be-
tween particles of the same kind; E| and E| are
the components of the electric field E parallel
and perpendicular to the field B; V) and V; are
the mean velocities of the plasma components
parallel and perpendicular to B (they will be de-
fined rigorously later), and a| is the dimension
of the longitudinal inhomogeneity of the plasma.

2. Simplifying assumptions. We shall assume
that the plasma pressure p is negligibly small
compared with the magnetic field pressure
B%/8r, p = 8rp/B? — 0, and that the electric field
is almost potential, E ~ —vy. We neglect the
curvature and inhomogeneity of the magnetic field
and put B Il z, and 8B, /0x =0B,/dy = 0. We note
that similar approximations are frequently em-
ployed in the theory of stability of a collisionless
plasma (e

3. Transformation of kinetic equation. Assum-
ing that B Il z, we introduce a Cartesian coordi-
nate system in ordinary space, and a cylindrical
system in velocity space, such that

v o p

(2.5)

*vB] = vx B.
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r=(2,4,2), v=(vLcosa, U, sina,v,). (2.6)

Expressing in (2.1) all the velocity functions in
terms of v, v, and a@ we write out separately
the parts of this equation which do and do not de-
pend on «. Putting

f=F+"

where the superior bar and tilde denote respec-
tively the functions that depend and do not depend
on «, we get

S=8+435, (2.7)

Lyf +Lof+ Lof —L.f) — 8 = 0pdf/da, (2.8)
L”f-}—(L_Lf}:S. (29)
We have introduced here the operators
4 a
Ly=— -+ Ve + Ez oo La=viV+ EJ_
ot ov,’
(2.10)

and the symbol () denotes averaging with respect
to . N

Accordmgjo assumption (2.5), the terms S,
L;f, and L;f in (2.8) are small quantities of first
order, while L f is of second order compared
with the right-hand side. As to Eq. (2.9), the term
L _]_fN is of the same order as the right-hand part,
and L f is of the order of smallness of e,

These estimates pertain only to the higher-
order terms of each of the components. In order
to develop a perturbation theory in terms of the
parameter €, it'is necessary first to separate in
each of the terms of (2.8) and (2.9) the terms of
different orders.

We introduce the density n, the mean velocity
V, and the temperature of each kind of particle,
defining them by means of the relations

n={rav=(7av,
nV_L=S v_LdeESvadv,

nV,=nV,= S v, fdv = S v, f dv,

3 m(v—V)2 mug? _ V2
—nl=\——"fdv= — ———n.(2.11
n? = | jav = §on (2.10)
In the last of the formulas we have introduced

Vo=V —e.V, (2.12)

where e, is a unit vector in the z direction.
According to (2.12) we have vo) =v| and vy, = vy,
- V,, so that vy, has the meaning of the ‘‘ran-
dom’’ component of the longitudinal particle
velocity (2]

We shall henceforth express all velocity func-
tions in terms of the variables v,. The operators
L and L; then take the form
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8y 0 e 2.V, oV, a

Ly=— 200 _Ez_ T L )

1= 5 TV +< m ot 0z " )aug’
e 0

= V4+—E; ——v VV, °
m aVJ_ Va2

Oq d 0

= o Vz“- .

ot ot - 0z (2.13)

Using the smallness of the ratio mg/mj, we
separate the small terms in the crossing collision
integrals, Sgj and Sje. Following [2], we represent
the electronic integral in the approximate form

Sei = Sei’ + Sei”, (2.14)
where
3Yn f 2T \*» @ 7.
Sl = () 7 (' )
e 8t \ m, Ovg *® ovg
L 3Yn[2T.\"m, & (204
s (IRt (2
8. \ m,/ m; dvg \ V'3
T 3va’vp — v'20as 9/ ) Cb — V"20ap — va'vp’
— —_——— , aB _—
m; v’ Ova V'3
3ym T
vV=v—V i (2.15)

T =
4&Ynd (eqe;)2n;

We expand the function Cyg* in powers of Vj
and V,e — V. According to (2.5), each of these
quantities, when reduced to dimensionless form,
is of the order of €., Retaining only the first three
terms of the expansion, we get
cw=w—m%§wm—m%?

z

1 2 p 1
+—ViVis .+ > (Vie— Vi)

9 020a5
2 -'91/-1; 0176

o (2.16)
Here Cqg = (vf;3 80 = VeaVes )/v, and the in-
dices y and 6 take on only the values x and y.

Using (2.2) and (2.14)—(2.16), recognizing that
Te is of the order of the time of the electron-
electron collisions, and assuming the ratio me/m;j
to be of the order of €%, we obtain the following
series for Se:

Se (e, fe) = Seelfe, fl + Sei’ (€% fo), Se(e,fe)= Sei’ (8, fe),
Se (€2, fe) = Sei’ (€2, fe) + Sei” (fe) (2.17)

where the expressions for 8,;(€™) are obtained
in obvious fashion from (2.15) and (2.16). At the
assumed degree of accuracy, we can replace the
quantity v’ in the expression for Sc,ei by ve.

The expression for Sje will be simplified in
exactly the same manner as in (2] we represent
the result in the form

Sie = Sic(e, fi) + Sie (e fi) + ..., (2.18)
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where
R;(e 0i
sy 0
17
mene 1 8 T. of; R; (%) of;

S'E 27 i)=— R iof1 —e _“2_*._1
ie (&% fi) min; T, Ovg <v ofi m; ava) mn;  ov '
Ri(e") = — [maveSui’(en, ) dve = —R,(en).  (2.19)

We represent the distribution function in the form
of a series in powers of €:

©o

f= 21 = 3 (Fm + fm).

(2.20)
n=0 n=0
Following [7], we assume that the zeroth approxi-
mation f(® gives the exact values of the zero-

order magnitude—the density, average longitudinal
velocity, and temperature:

{70dv =n, §7ovav=nv,

g mu,2

Y5 FOdy = 2inT. (2.21)

Then, as follows from (2.11), we shall have for the
n-th order functions the following additional con-
ditions:

§ fmav=0, §vafmav=0,

m(VLE)(n) n

= 2.22
5 0. (2.22)

mve®
) g
The last expression has from the point of view
of classical theorym an unusual form. The reason
is that the mean velocity V, transverse to the
magnetic field, was assumed to be a small quantity
[see (2.5)] and does not pertain to the zeroth ap-
proximation. This quantity can be represented in
series form:

V.= v, (2.23)
n=1
where
v = { v, fav. (2.24)

The absence of a term with n = 0 from the sum in
(2.23) is equivalent to the assumption that

{v.irodw=o, (2.25)
which must be verified later.

According to (2.21) and (2.22), the quantities n,
Vy, and T, determined in the zeroth approxima-
tion, actually contains terms of all orders in €.
Therefore the derivatives 9n/dt, 8V,/0t, and
9T/ot will also be series in powers of €. In ana-
logy with[s], we shall retain in these series the
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full values of n, Vg, and T. Then we get, say for
on/at,

aan 6V, > . (R)

= = 5 - div(rV1’).

k=1
Followmg[ , we shall denote by (on/dt) (k)
(8V,/ot) (0 and (8T/5t)®) the sum of the terms
of k-th order of the right side of equations such as
(2.26), and introduce the symbol
k=1

o) _<0n k) 9 <6Vz (k) 9 T \(®) 9
Y 79?) T 6/5) avﬁ(ﬁt‘) T
(2.217)

Recognizing that the operator 8/t in (2.1) acts on
a function f that depends on n, Vg, and T (and
also, in particular, on E), and using the definition
(2.27), we shall represent the operator L; in the
form of the following series in e€:

(2.26)

0) (0)
, a e v, av, a
Ly (e0) = —+{=E -z >
1= 9z +( ot 92 "%) oon,
am  amy, 9
Ly (en) = — : 2.28
1 (e™) o + o ‘Tal; n=1, ( )
where
R <aa> (an ®3 aV,\® 9
ot \at anz~T+ 0t> 6n+< a::) av,
(aT 9 2.29
+ 7) o (2.29)

Using Eqgs. (2.8) and (2.9), in which we can
separate in unique fashion the terms of any pre-
scribed order in €, using the foregoing relations,
we can readily obtain equations for any term of
the series (2.20).

3. SOLUTION OF EQUATIONS (2.8) AND (2.9)
ACCURATE TO €* INCLUSIVE

In the zeroth order in € we get from (2.8)

0F9/da = 0. (3.1)

this means that

FO = 0. (3.2)

The condition (2,25) is thereby automatically
satisfied.

Taking (3.2) into account, the zeroth approxi-
mations of (2.9) for the electrons and ions re-
spectively are

See(Fe®, Fo®) 4 Sei’ (&%, 7o) =
S (F10, f0) = 0. (3.3)

Each of these equations has a solution satisfying

the conditions (2.22) in the form

m %/ muv,2
Jo'= < oxT ) exp(“ o7, > =Fa

Let us consider the higher-order equations.
1. First approximation for f. In first order in
€, we get from (2.8)

(3.4)

@
M _ L, » (3.5)
60. (QF:]
From this we get
fm—rvL[ Vin F—@+1”-l’—“-ivv 1 (3.6)

By integrating (3.6) with respect to the veloci-
ties we find that the following quantities differ
from zero in first order: the transverse velocity
V(l”’ the transverse heat flux q(l“, and the com-
ponents of the viscosity tensor w,3 with indices
(x, z) and (y, z). (For a definition of q and
Tap See, e.g., [237])

2. First approximation for f Substituting
(3.6) in (2.9), averaging the expression for L f
with respect to «, and taking into account the
assumptions of Item 2 of Sec. 2, we get in first
order in e€:

<0(0) v —+VEV)

MmUq, a° ,
_ P v, 0 vy
T F(6t+ oz T > !
az 6V S0
+vaz(aF ef o >+ﬂ--p — 3, (3.7)
0z T
Here
e c
Ve = [Ee,] = — [EB], (3.8)
mwsp B2

and 5 for the corresponding type of charge takes
the form

SO=8,,[Fo, 714 Sot’ (¢, 7) + Shi(e, Fo),

S0 = SulFi , 1+ Sic(e, Fr). (3.9)

Integrating (3 7) over the velocities with weight
1, Vaz and mvy, 2/2 we obtaln the relations be-
tween the derlvatlves 90 (n, Vg, T )/ot which re-
sult from the differentiation of F with respect to
t (see (3.4)) on the one hand, and the remaining
quantities of order €, on the other. Carrying out
this integration, we obtain

PO
( + v, +VE> =0,
(0)
(-"j + v, ~6~—,—VEV)V__E———1—6—p R:(e).
mn 0z mn
3 000 Vz
= ( Y, ’—{—VEV)T—{—]:———:O. (3.10)

The expressions for the quantities Rge(€)
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= —Ryj(€), which stand for the friction forces
between the corresponding plasma components,
has according to (2.15), (2.16) and (2.19) the
following form:

Roo(e) = — 20 (Vou— Vi) + R (e),
3Yn / 2T.\" a7y
Rl (6)= — 3 ( m) m. § Ca gt dv. (3.1D)
The friction force contains the function T“’, as a

result of which it can be determined only after
solving Eq. (3.7) for £ (see alsom).
If Eqs. (10) are represented in the form used

in the classical theory of transport phenomena“’“,
then we get, accurate to terms of order e:
=0,
d.V i)
mn ¢ Z>: enEl_—B_(Vﬂ)z+Rz)
t 0z
3 . .
" = —divy (3.12)

where dg/dt =8/8t + (V-V).

Comparing (3.12) with the zeroth- and first-
approximation equations of [7’2], we arrive at the
conclusion that terms which are referred to dif-
ferent orders (V, q, 7) in the usual scheme are
included in our scheme in the same order in €.
When these terms are summed, some of their
components cancel one another, Therefore when
equations of the type given in (%.2] are used in
problems where these components are appreciable,
the latter must be taken into account not only in
the largest but also in the higher-order terms. As
to Egs. (3.12) they contain in accordance with
Braginskii’s scheme terms of zeroth and first
order. The calculations made in (%} take both
orders into account., Therefore, by reclassifying
the orders of ma%mtude of the quantities in the
final results of " and retaining in them only terms
of order not higher than €, we arrive at Egs.
(3.10). Since our approximations correspond, ac-
cording to (2.6), to processes having frequencies
on the order of the drift velocity, it follows from
the foregoing that Braginskii’s equations (2] can be
used to describe drift processes, at least accurate
to €, The degree to which these equations take
correct account of the higher orders in € will be
discussed later.

With the aid of (3.10) we exclude from (3.7) the
derivatives 8%8 t, after which the equation for
each kind of charge takes the form
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g1

2T, 2 0z
Te\" 1
”"_“(31/31: <_“> _“‘1>(Vez_‘Viz)
Tere V2 me/ vt

R/ (E)] - nie 5 ve? (7Vez} (1)
i e ez” ™ —5~ = See[Fe,
TneT vz—f—Te<v 3)6z ee[Fe, fo'l

+ Seil(607 fe(j)) )

m;v2 5\ dInT, /
Fi o '—> iz
[( o, 3) e vt T\

Uz \avu]
3/ oz

= SulFs, 7). (3.13)
The difference between (3.13) and the similar
equations of Braginskil (2] for the first-order cor-
rection (which does not depend on the angle in
transverse-velocity space) consists in the fact
that the left sides of our equations do not contain
the divergence of the transverse velocity, divV ),
This result is connected with the fact that in the
case considered by us, that of a straight and
homogeneous magnetic field and a nonsolenoidal
electric field (see the assumptions of Item 2 of
Sec. 2), the contribution made by the second-ap-
proximation terms that were unaccounted for in (2]
is exactly offset by the contribution connected
with div V_f_”. This is proved in the Appendix of
the present paper.

The solution of Eqgs. (3.13) reduces to the ex-
pression obtained in (2] for the first-approxima-
tion function. It is only necessary to make in the
corresponding results of () the substitution

divV — 8V,/dz. (3.14)

The expression for R’Ze(E) (see (3.11) turns out
to be exactly the same as in

01‘

R, = —0.71n, — (3.15)
0z

3. Second approximation for f. Substituting in
(2.8) the results of the zeroth and first approxi-
mations, we get

Fo=fFd 1 7D (3.16)

h
where "

* 0
= = B =5, (3.17)
B

and the function f(z) contains cos 2« and sin 2«,
and will be of no use to us in the present work.

The function £ is a correction to f(“ of
order p/a; and v/wpy. Since

Pi>>pe, (v/0B)i>(v/0B)e,

we can confine ourselves to calculation of the

(3.18)
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ionic correction only. The expression S(“ can

be replaced with the same degree of accuracy by
S (1)

4. Second-approximation equation for f. From
(2.9) we have in the second-order approximation
in:

s

o GOV, mvg

ot

)F + (L FPy= s,
(3.19)

The operator LIIN( € ) is defined by (2.28). The
mean value <L_Lf‘2)> denotes, according to (2.13)
and (3.17)

9; F)
S
(?vaz /
e, 7]
I (€)] 2
+[(03 + (78_[_ VV 0Uaz ](VJ-SHX (3 0)

For the electrons and the ions, the expression for
S® has, in accord with (2.14)—(2.17) and (2.20),
the form

Se = See[Foy F1 4 (See
+ Sei’ (20, 7&' )+ Se (8, Fo) + Sei’ (2, Fo) + Sei” (F),

§i = SulFif 1+ (Sulf®, 7D + Sulf®, 71
+ Sie(e, F7)+ Sie(e2, F).

1)

D + Seelfe, 721

—(2)

(3.21)

5. Summary of the results of the first two ap-
proximations. With the aid of (3.19) we can find
expressions for 8(“(n, V4, T). Combining this
result with (3.10), we arrive at the following
system of macroscopic equations

D]_;Zi.ne%= ’ D,n,_'_ 10Vz,__0’

Mele DEDI;w= en.E, — (;l;e — n;me (Vee— Vi)
—0,71n, ai

m,-nz-piD—?= eimiE, — ‘Z‘; L ””T':‘%Vze— Vee) -+ 0,7n e
+ [;) : (’f]oz OV ) + div(mz; V1 V2),

I B )R

S DT p DT — v VT + o (T )
TR Ly (LY ?;,’L':"-"im—m,

where (3.22)

et Vi ViV,
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and the quantities 7yj, Mj, i, and «|j were cal-
culated by Braginskii ‘2

6 n;T;
noi == 0.96n;T;1; Nei = — T )
5 gl
nel.t, iTit;
e = 3162 =39
me m;
T T
%J_i=2.—rf}_1.._’ Ti=—3Ln_13£—“- (3_23)
m;@BT; 4 Yrhesin,

In deriving (3.22) we neglected small terms of
order ve/wBRe. In particular, the equations for
9T/9t do not contain, for the same reasons, the
terms corresponding to the heat transfer due to
the transverse friction force between the com-
ponents (these terms and their like do not differ
from those given in 2]y

4, DISCUSSION OF RESULTS

Equations (3.22) differ from Braginskii’s (2] jp
the following respects:

1. The component of the viscosity tensor does
not contain the divergence of the transverse
velocity. This is caused by the presence of a
compensating term in the second-order approxi-
mation, a term discarded by Braginskil (21D 1y
addition, part of div V| drops out by virtue of the
assumptions of Item 2 of Sec. 2). For the same
reason, the equations for the heat contain, in lieu
of the full product 740 Vy /BXB, only the terms
containing the derivatives of the longitudinal
velocity, but not the transverse one.

Our analysis leads to the following prescrip-
tion for using the equations of (2 4 problems cor-
responding to the assumptions of Items 1 and 2 of
Sec. 2. If the investigated effects are only of
order €, the equations of (2] can be regarded as
fully corresponding to the conditions of the prob-
lem. When account is taken of effects of order €2
it is necessary and sufficient to omit from the
quantities T4 and 748 Vy /0Xg contained in
these equations the derivatives of the transverse
velocity which make up the combination div V.

2. Equations (3.22) do not take into account
terms of order €® and higher, whereas in [2],
owing to the use of a different set of expansion
parameters, some of these terms are retained.
These terms describe such effects as, say, the
transverse inertia and transverse viscosity of the
ions, and can be significant in problems where the
ratio a|/a) is assumed to be very small [,

DThe second approximation is taken into account in[®°].
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a me\'"? v;
:,g(_e) Vi (4.1)
a m;/ i

In order to obtain macroscopic equations for a
comprehensive set of problems (within the scope
of the assumptions of Item 2 of Sec. 2) it is neces-

sary to supplement (3.22) with higher-order terms.

To this end it is necessary to find the solution of
the klnetlc equation in higher orders, namely €3
and €!. Such a solution has been obtained. It turns
out that all the physically interesting effects taken
into account in orders €° and €* are contained in
Braginskii’s equations (2], (Details of the calcula-
tions are not presented in this article.) Therefore
the ?rescription for using the system of equations

, with due allowance for the terms in €® and
64, remains the same as when allowance is made
for terms of order €2 only.

I am grateful to S. I. Braginskii and S. S,

Moiseev for a discussion of the results of the
work,

APPENDIX

The result (3.18) was obtained under the as-
sumption that the transverse velocity is a quantity
of first order of smallness. We shall show that
the very same result can be obtained also in the
usual manner % when V] is a quantity of zeroth
order.

Making in (2.1) the substitution v =c + V, we
transform it to Eq. (4.2) of Braginskii’s paper (31,

dfa afa < a da a afa

—|{C —_— —_ *

(ews]- dt TeViet maEa dt > de

_Caa"aﬂ Ola_ (A1)

0zy, dca
where

de 0 V.V —E4 1 V.B
a o TV, BO=EA Vel

We shall assume for simplicity that (A.1) per-
tams to ions, and S does not contain Sjs. Just as
[2], we assume as the zeroth approximation for
f(c) the Maxwellian distribution ¥ (c). For that
part of the first-order correction which oscillates
with respect to the angle in the ¢ | space (f(”
= FtI>‘1 ) we get from (A.1):

B0 = L%ab (A.2)
where .
= fme i
= p (52' 1>+ p Tl (A.3)

and q; and 7w, are defined by

5 p
q.= 7'”"2—0)3 {e,VT],

ot = (Tax, ) = e, VY] (A.4)
(0):]

Substituting in the right side of (A.1) in lieu of £,
the sum F(1 + & 1)) we arrive at the following
equation for the distribution-function increment

that does not depend on the angles in cj-space:

2
S[k, Fd] = F{c,(mc _:rl>?_1n_f

2 0z
mc, mc2\¢’ﬂ }
A.5

+<T' 3T/6'z+A’ (4.5)
where

_m(el & (mcﬁ F)
A——T<2 3)d1VVJ_+V_|_ o a

0 ci? /] mc, 2
TR Sy \ g ) Vg (F e

(A.6)

The expression for A contains terms of the first
order (~div V) and of the second; the latter are
connected with the vector a, which, according to
(A.3) is expressed in terms of q and 7. According
to this attribute, equation (A.5) can be represented
as a set of two equations, for & M and @ (the
number of the approximation corresponds to the
scheme adopted in [2]). The first term of the right
side should be assigned here to the first approxi-
mation, and all others to the second. On the other
hand, substituting in (A.5) the explicit forms of

q) and 7, recognizing that according to (2]
VJ_ = ! [ez, -E - CE]
n

m®p

(A.7)

and taking into consideration the conditions of
Item 2 of Sec. 2, we get

A =0. (A.8)

We have shown by the same token that the
‘‘excess’’ first-approximation terms of the
scheme adopted in 2] actually are cancelled by the
second-approximation terms that were not ac-
counted for there.
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