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We consider the solution of the kinetic equation for a gas of polar molecules of the sym-
metric-top type or of diatomic polar molecules in the presence of a constant electric field.
The heat conduction and viscosity tensors are determined. The possibility of the appearance
of viscous stresses in a gas with a temperature gradient is pointed out.

1. INTRODUCTION

RECENTLY a number of experimental works have
appeared devoted to the effect of an electric field
on the transport coefficients of polar gases.[i_a]
The observed effect supplements the well known
phenomenon of the change of transport coefficients
in a magnetic field (the Senftleben effect).

The maximum value of the electric field is
limited by the possibility of sparkover. At tem-
peratures for which the problem can be considered
classical, it is always true that

dE | T <<1. (1.1)

By virtue of this, the polarization in kinetic phe-
nomena in a polar gas plays no role and the effect
can be connected only with the precession of the
rotational moment in an electric field. In a para-
magnetic gas, precession is caused by the action
of a magnetic field on the molecule spin, which is
rigidly connected with the rotating molecule in
space. In a polar gas, the effect of the field on the
molecule is described by the equations:

M = [dE], d= [Qd], (1.2
Q is the angular velocity and d the dipole moment.

The precession, averaged over the rapid rota-
tion of the molecule, leads to macroscopic results.
In this connection molecules of the top type lead
to qualitatively different results, for which the
mean value of the dipole moment over the rapid
rotation differs from zero in the absence of a field,
and diatomic molecules in which the dipole mo-
ment is strictly perpendicular to the axis of rota-
tion and its mean value over the rapid rotation is
equal to zero. In the first case, the problem is
similar to the problem of a paramagnetic gas in a
magnetic field and the effect depends universally
on dE/p (p is the pressure). In the second case,

*[dE] =d x E.

the average value differs from zero only in the
approximation quadratic in E, and the effect de-
pends on Ez/p. We note that observation of the ef-
fect in a gas with linear molecules requires much
greater fields than in the case of molecules of the
top type.

2. THE KINETIC EQUATION

We consider the kinetic phenomena in a gas of
molecules of a symmetric top type. The rotational
energy of a symmetric top is
M2 1 /1 1

—_— —_— 2
. T2 (Ic IA)MC’
where IA, Ig, Ic (Ig =IA) are the principal mo-
ments of inertia of the molecule, M is the angular
momentum, and M the projection of M on the C
axis.

We shall assume that the dipole moment is
directed along the C axis. The motion of a dipole
in a field is described by Eq. (1.2) where

1 1 1 d
Q——M (———) Ma)<-..
I, T Ic Ia ( )d2
As independent variables, we choose the angular
momentum M, the angle o between d and M, and
the angle ¢ which describes the motion of the
dipole in a plane perpendicular to M. In these
variables, the element of canonical phase space is

H— (2.1)

(2.2)

dl' = dudMdcosade, (2.3)
the energy of rotational motion,

M2/ 1a (2.4)

Nl 1) 2 1_l : :
b= [( g t)eset
and the dipole moment,
M E — (ME)M/M?
dzd{cosaﬁ+sinacos¢ (Esi1)16/
L [ME] (2.5)
+ sin asin @ UEono) cos® = ME/ME,
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It follows from (1.2) that

6 = —M~dE cos a sin ¢ sin 0,
- M 2dE cos’a __sina
q;:H_{-—M——cosacose——MsmacompdE s
dE (2.6)
X COS @ CO! i

The kinetic equation is described in the follow-
ing fashion:

0]‘ w2t of 0f

P w2l g L[] .2

ot
The equilibrium distribution function is equal to

fo=constexp {—T-1(mu?/2+4 H—dE)}. (2.8)

If the departures from equilibrium are small, then

f=nf(l+x), 1<t

The following homogeneous conditions must be
imposed on the function x (4]

{ far =0,  § fox(muz/2 + Hydr =0,

§ fouar =0, § joxMar = o

In the approximation that is linear in X, Eq. (2.7)
takes the form

(2.9)

(2.10)

p) . 9 . A
N+[dE]ﬁ+ X+cp (P:-—nlx, (2.11)

mu? H m 1
N=u( oT +F—4>V1IIT+§T—<IIIU,)@—3 Giku2‘>

Vo Vi 2
X — —_SipdivV
( 0x; oxp 3 n Qv 0)

+§—(m2—”2—f1) div Vo,

niy=— fo[af-]cou '

The condition (1.1) permits us to neglect the
term dE/T in the equilibrium distribution func-
tion (2.3). In the zeroth approximation in dE/T,
the function does not depend on the angle ¢.
Averaging (2.11) over this angle, we obtain

(2.12)

1 oy, -
~N Me] X = _Ty;
V4 v(0)(Me] -0 Iy;
odE E
—t —1 =_. 2-13
v(0) . S=cosw e ( )

This same function y (o) is obtained by going
to the classical limit in the expression for the
quantum-mechanical mean value of the dipole
moment of a symmetric top. In the derivation of
this equation, one must satisfy the inequality (1.1).
On the other hand, the ratio of the precession fre-
quency of the momentum dE/M to the mean fre-
quency of collision 1/7,
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dEv/ M = dEx / V2IT,

can be arbitrary. Equation (2.13) differs formally
from the corresponding equation for a paramag-
netic gas in the magnetic field (4] only in the fact
that in our case the value of ¢ runs through a
continuous range of values (-1=0 = 1).

3. SOLUTION OF THE KINETIC EQUATION

We shall solve Eq. (2.13) by the method put
forth in [4]. We transform to nondimensional vari-
ables which differ from the previous one by the
respective factors Vm/2T andV1/2I,T, and
write out the Eq. (2.13) in spherical coordinates,
choosing E along the z axis:

N oy, - o E
— —= =] =
1) g == v= 3 ) d

M p
N =2 am Am. Am= Vim(u) w2+ H—4), (3.1)
Ay = YZm(ll), Agp = ‘/e(uz— H)-
The explicit form of aj, is given in 4] we seek
the function X in the form
X = — 2 Qm"Yim- (3.2)
m
Substituting (3.2) and (3.1), we find
A G| 1
(I—I_Y(G)—)le:”_Alm- (3.3)
opm n

We represent the collision integral 1 in the form

1 = IO 4 i, (3.4)

where I is the collision integral for Maxwell
molecules. Then €I‘'? is determined by two fac-
tors: the departure of the central interacting
force from Maxwellian, and the nonsphericity of
the molecule.

It was shown in [°~") that for a broad class of
molecular potentials the difference between I and
1'© can be regarded as small. In polar atomic
gases, if the nonsphericity is small, we can as-
sume as before that € < 1. But the properties of
1V are essentially different, inasmuch as the
noncentral forces lead to a mixing of the external
and internal degrees of freedom, and also to the
appearance of correlation between the directions
of the velocity and the momenta of the colliding
molecules. The separation of 1 from 1 is con-
venient in that the elgenfunctlons ‘Pn (u) and the
eigenvalues A, of the operator i are known.[®?
Since M is not changed by collisions with central
forces, 1o possesses the following set of ortho-
gonal eigenfunctions {zl)n} and eigenvalues {xn}:
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Lt A
L (u) Ly

T ()
I(O)lpn = An 1|Jny PYn = le,m, Tolom, =— Lr,

X (H) Yim, (0) Yim, (M),

0)
M= Mt rats = Gy 81,0810 - Brot, (1 — Br.00120)

14

3] 2r+l 9
arz=S[1+6r06r1—(005—2') Pl<0057)
0

_ ( sin —g—)ZTJrlpl <sin%) ]de sin 07 (6),
x (3.5)
Ba={ [1 _ (cos 2—)2T+lpl(cos2£)]de sin 0F (),

0
gdo® = F(0) sin 0 do,
where L% are the normalized Laguerre polynom-
ials. We use the notation
£ =10+ y(o0) —+ ely (3.6)

where
e, if n = (000, ryl;m,) or (100, 000),
0, if n==(000, rylym,) or (100, 000)

= (Yo, [Dpo), o = Ly"(u?).
Here and below the scalar product is defined by
the expression

Iél)‘pn =

(b, /)= § dTfop’t. (3.7)
Then
o P
Kpp =r—F"——,
v An + im2y (0)
ek for n = (000, rylym,) if (100, 000) (3.8)
":[AS” for n==(000, rylym,) if (100, 000)°
With accuracy up to terms of order €2, we find
from (3.3)
xim = [K — eKL,K + 2K K1, K] Aim,
(3.9)

Iy = jo — j®
The transfer coefficients are determined by inte-
grals of the type

Clm, 'm — (Alm7Xl'm)-

(3.10)

Then, substituting the formal solution of the
kinetic equation (3.9), we get

¢ = c® + ) 4 @),

C:(B)’ I'm = (4lm, I\A m) cl(;r)t, 1m = —¢Re (Al‘m: k}ilgAl'm) ,

e vm= & Re Ay, KLKLKApm). 31D
The values of Ayy do not depend on the direction
of M; therefore Cl(g;l , and C{P do not

l'm ,
depend on the external field. Recognizing that for
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any f and ¥ we have
(1, Ko) = (K1, %), (f10%) = (19],v), (3.12)
we get for c?
i m = (11K Ay KLKA ). (3.13)

It follows from the scalar nature of the integral
I, that

j‘iylm( )Lrl+ %

= 2 Z C!,m: Iy deI,m[ (ll) Yfzmz(M)Lrl

Ll m=m+m,

(u?) Ly (H) (3.14)

LtY ul
T (@) arprs

1
where C; are the Clebsch-Gordan coef-

m
1my,lomy

1IN
ficients, I, takes on even values, and arsrz(M2 g),

as a function of o, is even for even I —1; and odd
in the opposite case. The presence in (3.14) of
terms with odd values of the difference I -1, is
the most significant difference of the polar gas
from the paramagnetic gas. This is associated
with the fact that the quantity ¢ = dM/dM is a
pseudoscalar and an odd function of it changes
sign upon inversion.

Substituting (3.14) and (3.13), we find that the
change of ¢y, 1’y in the field is determined by
the following formulas:

@ 2
Acim, 1m = Cim vm(E) — ¢ 1m (0),

. rp . T'D’
Aclm, Im’ = — 826m'm’ zAdm Al 2 Cl,m, 1,m, Cl,m1 1,m,

mi+my=m

1 1 1

X —_—
}“(0) }\‘(23/ ﬁ"ll 1

n

Frmas

t = (rdliply, PUD"), n = (rlm, p00), n’ = (FUm’, p’00),

Fams = (anlng m22§r2.1,02 M2 g bt )
hm, TDT1 s 1 + mzZEZTl 0’2/M2 T'P'T | )
o (3.15)
dEYyT %
S ¥l T EAzm L (w) Ly (H).
Tl A

The functions fxm, are monotonically increasing
functions of the ratio E/p. We find the asymptotic
behavior of fgp, in the region of small and large
fields.

Inasmuch as fypy,, is a function of the type

o —8

Se*“—y’ (z, y)dz dy,
0

where x :M\/—I_TU—Z, y = Mo, while w (x, y)
vanishes for x =0 or y =0, and increases at in-
finity much more slowly then exponentially, the
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most significant regions of integration are those
values of (x, y) close to (1.1), which corresponds
to (M, o) in the vicinity of the point
12+ 12 Ic

Ie Vlm) '
Therefore the condition of smallness of the field
presupposes smallness (relative to unity) of the

expression mzzgr A oY M? at the point (M;, oy),
that is, the condltlon

< (IA2 + 102)2/ IAS/ZICVIA + Ic;-

(Mo, o0) = (

(3.16)

here,

Wl v,

fhmz - m2 ng‘ll(arPr MZZZ 27 Ar'p'r, ) (3.17)

and consequently, ]A | at small E increases as
(E/p)?

In the region of large fields, that is, for
(1a2+1c%)?

_vawoe) (3.18)
IA%ICVIA +Ic

ngll >
we have

frms = (arprs M, arprs M) (3.19)
and consequently the quantities Ac reach satura-
tion.

It is seen from Eq. (3.15) that the change of the
kinetic coefficients in the field is explained by the
presence in (3.14) of terms with I, # 0. The de-
pendence of alﬁaiz on ¢ and M? has no effect on

the qualitative behavior of acim,l'm’- Determina-

tion of the specific form of ailprl'f requires a

knowledge of the detailed structure of the collision
integral. Inasmuch as there does not exist any de-
tailed evidence at the present time as to the struc-
ture of the scattering cross section of monatomic
molecules, we limit ourselves, for the determina-
tion of the dependence of the transport phenomena
on the electric field, to the simplest model repre-
sentations of the form of the quantities a, similar
to what was done in the case of the magnetic

field 4J,

4. THERMAL CONDUCTIVITY
[4]

The thermal conductivity tensor ** in the elec-
tric field is equal to
, bR . 6
%ip = w0 + % = i
(4.1)
%, =13 (Am, ')(,10), Ax = Uy — 1/3Re (Au, Xu)

In the qualitative descrlptlon of the phenomenon,
we shall assume that am and alf} are independ-
ent of M? and o. In the expansion (3.14), terms
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with 7, > 1 and l, > 2 describe the same correla-
tion between u and M in the collision integral as
with I; =1, I, = 2. Therefore it is hardly likely
that they would be significant.

Consequently, we can limit ourselves for I;A;m
to terms with I, =1 and Iy = 2, Then, for

Ay = %n(E) — % (0) (4.2)
we obtain
3 a’e?
A%z=1—0 Bor f1(8),
a2e? [ 3 3
e =ty = | R+ 5 )]
S VAN VS
a1 01
(o] ‘ v 77
1 4e202MAY14/1
R
¥, o 1+ M—202%E
Ia _ 4.3
X exp{—MZ[i-{—o?(—I? 1)] }dec, (4.3)
f2(8) = f1(28), &= dEYT / pBorVia.
In the vicinity of (3.16),
fi(g) = gzwl([z\ /]c) ,
3/ 1a —'h (Ic 2
=5 ( Te -1]) TA_\'];) ’
(4.4)
Ax =~§—iz—§2w1 Axy = Any = %/2Ax,.
Z 10 ﬁm ] X Yy

Upon satisfaction of (3.18), that is, in the region
of E, we get

fi(e0) = fo(0),
5. FIRST AND SECOND VISCOSITY

The viscous-stress tensor la) can be expressed
in terms of the quantity (3.11) by means of the co-
efficients of (3.2):

Oip = — 2TS dIfouury, = Nikpg (

Ay = Any = 3[2Ax,.

(4.5)

0Voq n WVop
0zp Oz,

). 6.

Nikpq = 2T 2 tin (Lo

lm

In the expansion (3.14) we retain for I; Yoy (u)
only terms with I, = 2. The presence of the term
a%% Yom (M), which has a significant effect on the
viscosity, means that there should be partial sat-
uration at fields of the order of Etherm/e,» Where
Etherm is the field for which saturation is achieved
in the experiment on the thermal conductivity.

A similar result should occur for a magnetic
field. But in the case of a magnetic field, this is

*
) Cim, 1'me,

LU=0,2 (5.2
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not the case, as experiment has shown.[m] There-
fore, one must assume that aggg is close to zero,
and assume as a simple model that

[Yom(W)y=b; D Com sy Yom, (1) Yo, (M)

m=m,+m,
3\ 1
+ l)zYz,n(Al) (LI? —_ 4—) “,—._ + ib30' 2 (/211:1“ ZmZYll)h
2 Vb m=m;+m;

X (ll) YZmz(NI)y (5-3)

T(w— H)y= g2} Com 2-mYom(M) Ys_pn(u).
m
In these expressions, the last terms reflect the
specific polar gas (pseudoscalar character of o).
For the change in viscosity, we have:

2
2D S )Y (B)

ACZm, om’ — 826mm’{

GOZZBO‘Z m=m,+m,
my=>0
by b2
—Im e — C my, 2m, m, 9
g m &+ 3 ) im (&) }
2 (5.4)
Coo00 =— ) fi Z (Cam 2—m fm+2(§1)
0 ﬁOZ m>0
1 2b
27200 = Cooom = €0mo — » aozéii 273 fm+2(§1)
dEYT dEYT dEYT
Ei == — = — e ——
P2 V14 pBro¥ia PPt V14
f1(§) and f2(§) are defined in (4.3),
_AF ¢ AR MY/
hE= EOS OS 1+ M-207
I,
X exp{—MZ[i_{_o-Z(}_;— 1)] } deO',

fu(8) = f5(28).

6. CROSSING EFFECT IN THE PHENOMENA OF
VISCOSITY AND THERMAL CONDUCTIVITY

We have shown in Sec. 3 that in polar gases the
invariance of the collision operator relative to
time reversal makes it possible for the perturbed
distribution function to possess terms with any
parity relative to the velocity. This leads to the
result that the following effect can be observed in
principle in an electric field: by creating a tem-
perature gradient one can obtain a change of the
viscosity tensor, and conversely.

Let us consider this phenomenon. Let there be
some VT, where the angle between VT and E is
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equal to 6. Then (the OX axis is in the plane of E
and VT) in (2.12)

—_ i /.
N=|VT|{—icos07V!/sY(u) (6.1)
mu? M2 )

+ lsine}/‘_/:{yu(u)‘f‘ Yi—i(u)]} ( r)]T

Change of oji in an electric field is described by
the tensor

o= — 2T § uiup foy dr. (6.2)

It is obvious that all the components ojk vanish,
except oy, =0,5x and 0g55. We calculate oy, with

accuracy up to terms of the order of €. Using
(3.12), we have
2 P -
0s = — T| VT | {1"/a0f (250) + V'/sf (E0) 1 abs
02
+ [V"/o0f (282) + V!/5f (52) 1 bb1} sin 6. (6.3)

Here

f(8) = (M?, 0% (1 + M~20%E2)72),
dEYT _ dEYT
potVIa’ PR VIa ,

Ei=

b= ( chm 2 m¥om (W) Yorm (M) 0, 1K Y10 (u) (u2 + M2 — 3)) :

Similarly, in the case of viscous flow, that is, for
dVy;/dxk = 0, heat flow arises:

2T Ve, = OV,
R N )

s« AV /20 E) + Vs fED)]abs + [V/n [(28)  (6.4)

+V'/51 (E2)1bbi}.

We note that b and by differ from zero only when
the interaction between the molecules includes
terms which single out the direction d (for exam-
ple, dipole-dipole interaction).

7. DIATOMIC LINEAR MOLECULE

For the description of the rotational motion in
the case of a diatomic linear molecule, we choose
as an independent variable the three components
of the angular momentum and the angle ¢ which
characterizes the position of the molecules in a
plane perpendicular to M. Then the kinetic equa-
tion for small departures of x from equilibrium
follows from (2.12) with o =7/2, that is, it takes
the form
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N A A 1 /M dE 2
—n~+coscpA1x—l—sincpAzx+—-(—-—— cos® coscp)
n

1 M sin®
oy ~
X 0_('5 - _IX1
(7.1)
- d 1 0 - d [ME]JE 4
A =—cotf—-[ME]— — 7
n MBIy A= e o
We seek a solution of (7.1) in series form:
X = %o+ 2 (an cosng + by sinng). (7.2)
n={
Since
M b T A dEyx
=X —% A, A~ ——,
I d¢ 1 VIT

we get ap, by ~ (dE/T)n. Therefore, we limit
ourselves in the expansion (7.2) to terms with
n =0, 1, that is, we assume that

X = %o + %1 cos @ + y2 sin @. (7.3)
We substitute (7.3) in (7.2). Multiplying the re-
sultant equation successively by 1, cos ¢, and
sin ¢, and integrating from 0 to 27, we have
N+1 4 +A 1dEc0529
W Ty A due) = 5 gp-are
E (ioo)(() + mei + IOZXZ) ’
:417(0 + MMy, = — (Alu)u +AlizX2 -}-A]m)(o),
. . . R . (14
Agxo + £7Mys = — (Taxs + Tasxz + Taoo) - )
In (7.4), 1 21
Lipxp = 5— Slb dpryn do,
(7.5)

Yo=1, Yi=-cosp, YPa=sing.

with accuracy to terms of the order (dE/T )2, we
find

I - ~ I - A
o= —— (Axo + Toxo), %1 = — (Aaxo + T20%0) . (7.6)

M M
Substituting (7.6) in the first equation of (7.5), and
noting that the terms

Torp1, Tooxe, ML A olooxo, M Aﬁzf 10X0

are small in comparison with Iy X, we obtain

1 o 3 d2IE?
—N—{—y[M e]———-— Toxo, v =S an (e
This equation can also be obtained by going to the
classical limit in the expression for the quantum-
mechanical mean value of M, computed in an ap-
proximation quadratic in E, Equation (7.7) is
similar to (2.13) with the following important dif-
ferences. First, we now have ~ Ez/p. Second, this
equation does not contain the independent variable

M). (7.7)
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o, whose role in (7.7) was played by the projection
of the angular momentum on the electric field. In
this connection, the expansion corresponding to
(3.14) does not contain terms with odd values of

l —1,. Integration in the case of linear molecules
is carried out over the phase volume:

dl' = dudM / M.

Third, the coefficient vy possesses an essential

‘singularity as M — 0, which leads (as we shall

see below) to a nonanalytic dependence of the ef-
fect at small fields.

Keeping these remarks in mind, one can use
the results obtained above for the description of
the effect of the electric field on the transport
phenomenon in gases of polar linear (diatomic)
molecules.

Within the framework of the interaction model
used in the case of the symmetric gyroscope, we
get for the problem of thermal conductivity:

PR AL
z 10 601 5 )1
3 a%?
Axx—Axy——-w » [—9f5(§)+f6(§)] )
. d2E? 1| 11/5 112 1 ‘V3 112
= —_, a=— —amo Qo105
pPot VIT agt

oo It

15 e=M'dM &2 cost 0sin30 do
iE=1§
0 0

2 M [1+Ecost0/M6]
f6(§)=°§ S” 1; e‘M]:!dM g: cosBsins0dy D)
" o + 4E2 cos? 0/ M®
In the region of small fields, that is, for
E<t, (7.9)
we have
fs(8) = —*E¥InE, fe(E) = —¥uE2InE. (7.10)
Consequently, in this case,
Auzz—% (;::f E2lnE, Axx=Axy—£Auz (7.11)
For large E, that is, for £ > 1, we obtain
15 9 a??
15(8) = fe(8) =, Aoty = — B’
3 (7.12)

Axx = Auy = Z—AKZ.

It is easy to see that Eqgs. (5.7) for the viscosity
will be valid also in this case if f;(£) and f,(£)
are replaced by f;(£) and f;(£), respectively,
where



THE TRANSPORT COEFFICIENTS OF POLAR GASES

d2E?
gi e —
pBo VIT

and by and gy are equal to zero.

We note the following result, For small I¢/Iy,
as follows from Sec. 3, the change in the transfer
coefficients is fundamentally determined by the
quantity (Ic/Ip) (dE/pBy7). Therefore the
molecule can be regarded as linear only if I¢/Ip
« dE/T.

@R

PB1o VTTA

8. DISCUSSION OF THE RESULTS

The electric and magnetic effects in gases have
a common physical origin: the precession of the
angular momentum around the field. The mathe-
matical expression for this is the term on the left
side of the kinetic equation (2.13)

Mof /oM = yof | de,

where ¢ is the angle of rotation around the field,
and y does not depend on ¢. Two conclusions
follow from this: First, there is a characteristic
parameter which completely determines the phe-
nomenon: & = Ea/p, a is equal to 1 or 2; second,
thanks to the fact that both operators included in
(2.13) possess clearly expressed symmetry prop-
erties, the symmetry properties of the system
play a significant role. These properties are dif-
ferent for a gas in an electric and in a magnetic
field. We recall that a molecule in a magnetic
field is characterized by velocity (u), angular
momentum (M), and projection of the magnetic
moment on the angular momentum of the molecule
(s) [4]. Relative to rotation and reflection in space,
u is a vector, M a pseudovector and s a scalar. In
an electric field, the corresponding quantities are
u, M, and the pseudoscalar o —the projection of
the dipole moment on the angular momentum,

Certain components of the transport tensor are
insensitive to this difference and behave in the
same manner regardless of the type of molecule
and field, changing monotonically and reaching
saturation at high fields. But for other components,
this connection is decisive and, just as in a mag-
netic field [4], the scalar character of s determines
an effect which is odd in H, and the pseudoscalar
character of ¢ makes possible the existence of
the crossing effect. In this connection it should be
pointed out that Beenakker and Knaap [12] suggested
the existence of the crossing effect in a magnetic
field at a definite interaction between the mole-
cules. It is necessary to emphasize that sym-
metry considerations forbid this effect in a mag-
netic field no matter how the interaction between
the molecules is chosen.
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Borman and the Nikolaevs also investigated
transport phenomena in a polar diatomic gas.m]
It should be noted that the variational method used
by them leads to unlikely results both in the re-
gion of high and of low fields.

In conclusion, we note the difficulty in principle
which arises in considering the behavior of a
diatomic polar gas in an electric field if the coef-
ficients with I, =ry =0, I, = 0 are different from
zero. In this case, contradictions arise in the
problem of first viscosity with the requirement

M = § My ar.

We find it difficult to say whether this contra-
diction is connected with the fact that in the given
case the electric field produces a macroscopic
rotation of the gas or with the approximate char-
acter of the initial kinetic equation,
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