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The thermal conductivity of binary mixtures of molecular non-paramagnetic gases in mutually per-
pendicular constant and alternating magnetic fields is considered. An expression describing the
resonance spectrum, each line of which corresponds to thermal conductivity resonance with various
mixture components, is obtained by solving the set of kinetic equations and taking into account the
pseudo-proper collision operators. Examples of fine structure of the resonance lines are considered.
The dependence of the resonant variation of the thermal conductivity of molecular gas mixtures on
the concentration of each component is obtained. Cases when the concentration of one of the compon-
ents is small or when the values of the thermal conductivity co-efficients, molecular weights and
nonsphericity scattering parameters of the components are close to each other are considered in

greater detail.
1. INTRODUCTION

GAS-k‘metic magnetic resonance (GMR) was observed
experimentally with the thermal conductivity of O, as
an example“]. The theory of the effect is given int?,
This effect is observed in mutually perpendicular con-
stant and alternating magnetic fields, is exhibited by
all molecular gases, and is due to the additional change,
compared with the case of a constant field, of the scat-
tering cross section of nonspherical molecules, which
has a maximum when the frequency of the alternating
field is equal to the frequency of molecule precession
in the constant field.

Gorelik, Rukavishnikov, and Sinitsyn!®! observed
resonance of the thermal conductivity of the polar gas
NF; in mutually perpendicular constant magnetic and
alternating electric fields. The resonant behavior of
the angular momentum of the NF; molecules and con-
sequently the resonant increase of the scattering cross
section were due to the interaction of the (rotational)
magnetic moment with the constant magnetic field and
of the dipole moment with the alternating electric field.

As shown earlierm, the resonant change of the
thermal-conductivity coefficient should have several
maxima (fine structure of GMR), the presence of which
is connected with the symmetry of the perturbed colli-
sion operator and with the angular dependence of the
nonspherical potential of molecule interaction.

In the present paper we analyze theoretically the
phenomenon of kinetic resonance in binary mixtures of
molecular gases. By solving the system of kinetic
equations w(g obtain expressions describing the behavior
of the thermal-conductivity coefficients of such a mix-
ture in mutually perpendicular constant and alternating
fields. We consider the fine structure of the resonance
lines corresponding to different mixture components,
and the concentration dependences of the effect.

2. SYSTEM OF KINETIC EQUATIONS

The system of linearized kinetic equations describ-
ing the binary mixture of gases with rotating molecules
in a spherical coordinate system, in which the z axis

coincides with the direction of the constant magnetic
field H,, is of the form (we use throughout the indices

a,B=1, 2)
ax“ oX(z =~ -~ &
50 T Vet va[M.H] o, = Pelerte = nolas (e +10), 2.1)
where fy = ngfoa(l +xq); foq is the equilibrium dis-
tribution function of the molecules of sort a; vq
= Laqroth; Kgrot are the rotational magnetic moments
of the molecules;

H = —iH, sin ot + jH, cos ot + kH,

(H, is the intensity of the constant field; H, and w
are the amplitude and the frequency of the rotating
field); ny is the density of'the molecules.

In the case of thermal conductivity, the quantity Ny
has the following value:

T\ kT \ '
No=(u+ M2 —ec,,) (_-) (ua)iV.-lnT+—n—( 2 T) () %,
Mg N Mo,
where (2.2)
g — 1 9ng nang(me — mg) dlnp —— g
YT T o np ar b

0 = NaMaq, p = nkT", n = n; + n,,
u and M are the dimensionless velocity and moment
of the molecule, cpy is the specific heat of the gas at
constant pressure. The collision operators in (2.1) are
given by
‘I.axa = jfﬂa[(xa + Y1a) Wa — (%’ + %1a”) w,']dT,’ dT'y,’ dT'sq,
Top (o + %) = 5f0ﬁ[(Xa + %) Wap

— (%o’ + ¥s") wap']1dl" AT ATy, @ % B.

(2.3)

Here w is the probability of molecule collision and
dI’ is the phase volume of the molecules.

According to Kagan and Maksimov[“], the homogene- -
ous parts of (2.2) can be represented in the form

N, = Ny Z’ (az)lm‘(AG)lﬂn (2 .4)

where

(Aa)in® = YVim(ua) (e’ + Mo —¢5),  (Aa)im” = Yin (W),

*[M H] =My X H.
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1 (2kT\"
(aa) 1" =— (T) t"ValnT,
n [ 2kT\'h
((lu) tm = 'n—z' (Tn—) dhaa tn‘"',

Vi (Ua) = (8a) Yim (@u,r B, ). (2.5)
The indices T and D denote the terms corresponding
respectively to the heat transfer and to the number of
molecules. The quantltles tk are given inl%1,

The operator Ia describes collisions of molecules
of one sort. The properties of these operators are
considered in{*®!, The collision operators of molecules
of different sorts have Igg can be represented, in ac-
cordance with!” in the form

Lo (X + %) = Tas () + Tan (),
Ley(xa) = [ oo (. — 1) wes A’ AT, dIy,
Ts (1) = [ fup(ts — 1) wes AL/ ATy dTY, a5 B (2.6)

(it 1s assumed in these relations that the equality wqpg
= waﬁ is satisfied in the collisions of these molecules).

Taking (2.6) into account, the system (2.1) takes the
form (a # B)

e . . . .
"gxt_ + Na + Ltzx« = = na,IGXa - nﬁlaﬂXa - n‘bjaﬂXBx (2 -7)
= i[‘Yaoiaz + Ya,z\a+e_imt -+ 'Ya.l‘:z—eimt] . (2-8)

The operator ia describes the interaction of the mole-

cules with the field’?). Here yqo = vaHo, Ya:

= (¥Y2)vqH,, and la is the molecule angular momentum

operator.

Followingm, we break up the collision operators

(2.3) and (2 6) into two parts:
=104l Ty =13+ 603, a4, (2.9)

where € is a small parameter. Here Ig” and Ig’k are

operators that are diagonal in the space 4)0”1,
o= Y Cilum, Yion (02) Vi (Mo) L (u5) L (M), (2.10)

mm=m

where n = (Im, I,1,, r;r5), Cl are Clebsch-

mil,ms
Gordan coefficients and Li. are Laguerre polynomials.
For linear molecules y = 0. For molecules of the
symmetrical-top type y = Ya.

The cross-collision operators I‘°’ and J‘°k satisfy
relations analogous to those given m 1.
18 Yan = 10" Yan, (2.11a)
T8 o = A P, 0 B; (2.11b)

here ygn are the eigenfunctions of (2.10), and )\I‘fﬁ
are the eigenvalues of the operators f&” . The functions
¢an describe the anisotropy of the non-equilibrium
distribution function in the angular-momentum and
velocity space. The expression (2.11b) is a reflection
of the pseudo-eigenfunction properties of yyn. These
properties of the functions are very useful, since they
make it possible to separate only one type of eigen-
functions for each kinetic equation.

3. SOLUTION OF SYSTEM OF KINETIC EQUATIONS

We represent the solution of the system (2.7) in the
form

Xa = — Z (au)lm' Xatm.
tm

Substituting these expressions into the initial equations
(2.7) and taking (2.9) into account, we obtain equations
for xaim:

Ko Yaim + 1P 8 Xoim = R (Aa)im — € (16l L9 1l S ) taim — nsF' sy Hoims
(3.2)

(3.1)

where s

I?u—‘ = —a— + i,, -+ naia(o)—}— n,ji‘?
o (3.3)

PO =&(&) "o PO _ﬁi( Ma )”’jm o P

ol me ap ap 7 e ab .

We seek ygim in the form of a series in the small

parameter €:

Xatm = Yo, + e+ e+ ... (3.4)

Substituting these expressions into (3.2) and retaining
terms of zeroth order in €, we obtain a system of
equations for x{f},,, solutions of which take the form

(0)
Xatm Z bulm"«panu,

(3.5)

where

barm = (513 (Aw) 1y Yany) — N2 Q.7 (A
Hane = nﬁ"'nua + na}\vnnmv

#) s Vo) \'217

Vi = Hanwlan, — RaltaA,P*A, %8,
ap Me ' 13 (3-6)
Qe =—(—) A® asp,

mg

€@n 9> = [fog'q:dl, o= (im, 10,r,ry).

The functions x{}j = satisfy the equations

V BanPan,

©_ )

Faﬂxﬁlm = (3.7)

RS 4+ n
where
= Y (62 (Ba) s+ i (D )],
[ (3.8)
(Ea) non = N0 (L) on + 16 (18)) sums
Here (I )nen are the matrix elements of the opera-
tors IE’ For the operators ng they take the form

(3.9)

a 7= B.

(F) 1y = Cbar, FottBans-

The symmetry properties of 'i“’ I“b, and %2}3
give rise to selection rules for the matrix elements of

these operators, analogous to those obtained in'*®),
We seek the solution of the system (3.7) in the form

(1) m
Kein == 3 V' B (00) g ispuneinih, (3.10)
n k

Here

Pan = CurtunYim (8a) L7, (ua) Y M) LML), (3.11)

Substituting (3.10) in (3.7) and taking (3.3) and (2.8) into
account, we obtain equations for the unknown coeffi-
cients
Z glo(ma—hyt {B:’;[(ik?ao + Aan) (@a) gma + WYas (lh,—k+1(au)qmzh+i
L

(3.12)

L

b (20) amnt) ] Bon a2 (5) ma} Yir (Ma) = Ban Yoy (Ma),

where

Voo = Yao — ©, Aan = Wan + i0m?.
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Transforming (3.12) back to operator form, we ob-
tain equations for the determined coefficients:

B:: [fa + i('vaﬂiz + Ymi+ + Yaui—) ] Xa (Ma)

" (3.13)
+ Bpl.’."ona(: p(Ma) = Ban Yl;m(hia)v
where
’iya = na1 (°)+ an;p + iom,,
(3.14)
Aa(Ms) = Y, (20) na¥in (My).
L3
Solving (3.13) by the method used in!?, we obtain

(a°)q"‘" = Z, {T‘l"'ll’(T_’)::h[Ban (Mpn + im.

+ iPYas0) — BomnsQ:*1} (B [ (pam + im0 + iDVa00s) (Lo + im0

+ iPYuaM)'—”unpA:'A:G]}_‘, (3-15)

where Tl2 map = = imP lz

p(cos Ja)(P 2 .p (€08 #a)
are functxons defined mm)

€08 Ba = YaoYaoss. (3.16)
Substituting this solution in (3.10) and using (3.11),

we can obtain x¢J .

The system of equations for ngm is

Im i
- E Aanpang ™™,
ny
Lty

= — Z’ Z V Cl,m,x,m Ct.m.l,h[Bun (Ea)nnn'(aa)qm“
e (3.18)

Yaspp == Y’?au — Yai?,

Ry + nf Dy — (3.17)

Here

+ B;: (aﬂ)qunﬂ (Ff:g )ﬂ«"']v
We seek the solution of (3.17) in the form
xiz!)m = Z Daﬂa(t) Yang

a7 B.

(3.19)

Substituting (3.19) into the system (3.17) and using (3.3),

we obtain equations for the unknown coefficients
plm S

Do (¢ m m m
2 ;;( ) 4 tan DI ()4 s @D (1, = A

The periodic solution of this system of inhomogeneous

equations of first order is presented in the form
Dol (8)= — {[Mon + i (m2 — k)14, — np Q% A5m) {[1ion
+ i0(mo — k) ] [pan, + i0 (M2 — k) ] — nanpgAmr ARZ} =t eiotmmm),

Knowledge of these coefficients makes it possible to

write in explicit form expressions for x‘az;m.

(3.20)

fu(my—hp

(3.21)

4. THERMAL CONDUCTIVITY

The heat flux in a binary gas mixture can be written
in the following form:

._kTZ (

+ cpa(lim){ ’

) H""‘X“(“a + M — cp0) (8a) ATy

(4.1)
Substituting xy in (4.1) we obtain, in accord with (3.1),

- _kZ{E“"‘(tm (5o 2T ——) ) imim (VD

(@a): = oy (@a) ).

4.2)
where k is Boltzmann’s constant,
(ca™) tmim' = {(Aa") tms (%) 1mD,
) imim = (A ) tmy (Xa”) 1), @ F B

Expression (4.2) shows that the heat flux consists of
three parts: 1) the heat flux due to the inhomogeneity
of the temperature, 2) the heat flux due to diffusion—
the so-called diffusion thermal effect, 3) the flux due
to mass transport.

We use furthermore the equation for the diffusion
flux

(ca”

(71)s—(72): = —'%[ D(hr'iT(VT)A +Dih(dﬂ)h] ,

Da=n"! Z Z tim (™) "L&Z:L—T) (Ca®) mimn,

a mm

D,T _ﬁ t“"(t mye [ ( 2kT ) (™) tmime 4.3)
L) ]
(@ imim =< (Aa) im, (D 1mdy (€a®) tmim = {(Aa®) tmy (Xa®) me

(Dik, Drill‘{ are the coefficients of diffusion and thermo-
diffusion); then the expression for the heat flux in the
case of a stationary state at (v,)i = (Vz)i =0 can be

written in the absence of the field in the form
g = —x(VT), (4.4)

(4.5)

3
%o = %y’ — —— kk;?Ds,

nn,
Here kT is the thermodiffusion ratio, «, is the experi-
mentally measured coefficient of thermal conductivity
of the mixture, and ko determines the heat transport
in the gas mixture without allowance for the diffusion
thermoeffect.

It follows from (4.5) that the change of the thermal
conductivity coefficient of the mixture in the magnetic
field (A k) can consist of the change of the coefficients
k', D, and k:

Ax A%

nkDk,* ( AD 2Ak, ) N
’ Lo =

22 =I (4.8
i . (4.6)

Ao Ao T41T2%0

Let us estimate the contribution of the second term
in (4.5), which describes the change of the heat flux
connected with the diffusion thermoeffect in a magnetic
field. As shown in'® and noted in''°), the change of the
thermodiffusion ratio of the mixtures O.-Kr and
O.-He in a magnetic field amounts to less than 0.4%.
The diffusion coefficient of the mixture 0'0'-03° ina
magnetic field changes by an amount ~1.5 x 107*[1],
Unfortunately, we do not know the changes of D and kT
of other mixtures in a magnetic field, but it can be
assumed that the changes of D and kT will be ~1% (as
is the case, for example, for the change in the thermal
conductivity).

Under conditions typical of measurements of the
thermal-conductivity coefficient of gases in a magnetic
field, p =1 mm Hg, T = 300°K, the second term in (4.6)
for the 0.-Kr mixture is of the order of 10°° (D
=115 cm?/sec, kT = 0.045, X, = x, = 0.5, Kk, = 22.5
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x 10% erg/cm-sec-deg). It follows from the work of
Senftleben!'?! that the relative change of the thermal-
conductivity coefficients of the mixtures investigated
by him depends on the concentration and amounts, say
for Os-Kr, to 0.1 — 1%. We shall therefore consider
only the coefficient «’ in the analysis of the behavior
of the thermal conductivity of a gas mixture in mag-
netic fields.

Let us examine the dependence of «’ on the intensity
of the constant field and on the amplitude and frequency
of the alternating field., We are interested only in the
real part of the time-averaged thermal- conducthty
tensor, whi~h is even in the external field!?!

um—-zlzk— 8 Re(ca )u.u+hihh[(0ar)m.m_RB(CmT)ﬂ.H]}v (4'7)

hi = HI/H. It is seen from (4.7) that, just as in the
case of a molecular gas'?), the dependence of ki on
Hy, H;, and w is determined by the coefficients

(c‘z)"mlm = <(Aa)l’my (Xa(Z) )lm>, (4 .8)

where (xq !m are non-equilibrium distribution func-
tions, obtained in the preceding section in the second
approximation in the small parameter € (here and
throughout the index T has been left out from the
quantities (cq)'mim, (Aa)!'m, (xy’)im). Using ex-
pressions (3.18), (3.19), and (3.21), we can express the
coefficients (Ca)l'mlm in the form

(€ imim = 2 Z BH (Gl v,

(2)

(4.9)
(Ce)rmim = Z 5‘_, BrQT (Ga) wnr
where
How = 2 (ALY 1y Wrned [Mene (B ) son — Patahe (T52)) v ] Ve
K (4.10)
Hiw = 2” A o D1 [ (FED ) e — i (E2) o]V
Q‘i'r:’: =2 <(A2) oy 1P21lu> [l-l-lr)u(El) g T nxnzA?:x (]&2 ) ﬂnn'] 'V—"z )
Qi = 2 Pl (Aa) iy W20) [Hhim (F ) e — Qb (B non] V'
and
m im
(Ga) wnr = Z CrrmytmnCiom it Ongny? (B} qm o (4 1 1)

™yt my=m

The quantities BYY' and BYD were defined earlier
(see (3.8)).
Using the equality

Z [Py’ (cos ) |2 =1,

we separate in the quantities (Gg)ppn’ the parts
(AGy)nn’ that vanish in the absence of magnetic fields:

(Ga)uw = (Ban"ton — Bs"162.%) (Ban™Va) ™ Brnt + (AGa) nry
(AGo)mwr = — (Bariten — Boe s Q) (Banv,) ™ -
E Crmt ":Cll"lxlz”‘ oo’ (M) quugmye (4.12)
m +m2gm

Here

(AGa) gmym, = Z | Pt (008 Ba) |2 (20 + PYaetr) *{[ (M20 + PYaetr)®

+ ppe? + Rantp AT A ] (Ban 1pn — MBen 2,7%)
 (Bam R A AP — s B Q,7) (a4 o) }
X [(Ban tton — 1B Q™) Agn] 7,

Aan == [(M20 + PYa efr)® + Pan’] [(m20 4 pYa efr)® + pen’]
'—2[Manwn - (mzm + PYa eff)z] nunﬁAnupAnM +
-+ (nan’A”mbAnbu)z, a = B

(4.13)

Taking these expressions into account, the change
of the coefficients (cy)7'mim in mutually-perpendicu-
lar fields will be

(Ac)imin = Y Y B (AG)

@ nnr

(Ac)imm = Y Y BI0SRAG) e
@ ans

(4.14)

Expressions (4.14) together with (4.12) and (4.13)
determine completely the dependence of the time-
averaged changes of the thermal-conductivity coeffi-
cient of a gas mixture on the value of the constant
field, on the amplitude and frequency of the alternating
field, and on the pressure.

Let us consider the case of strong fields, when

(4.15)

Then expression (4.12), with allowance for (4.13), takes
the form (a = B)

Ya0; Yat 2> Nahen.

(AGa) e = — (B Wsn — 1sBin 2,2) (Bor v,) '8 (Ga) '™,
G "= ¥ OOl Pl(eos 0 (4416)
m +m2_m
’d
= Z Cl,ll:lllgmzcl‘lI::‘l}mz + clf:"nlllocll,:n”:lzo[/l — P, *(cos q) ] (4 1 7)

mytmy=m
=0

It follows from (4.17) that in this case the depend-
ence of the thermal-conductivity coefficient of a gas
mixture on Ho (Yqo = barotHo/h), H;, and w
(ya1 = LarotH,/) is determined by the function Py,,
and consequently by the selection rules with respect
to the index I, for the matrix elements of the operators
I“’ I‘a” , and J4}%, which describe non-spherical scat-
termg of molecu{jes In the case when the probabilities
of the direct and inverse transitions in collisions are
equal, the simplest operator model is the one in which
the matrix elements differ from zero only for ‘‘transi-
tions between states’’ n, = (1m, 10, r;r;) and
n = (1m, 12, 00). If the interaction of the mixture
molecules is described by this model, then the reso-
nant change of the thermal conductivity of the mixture
in accordance with (4.7), (4.9), (4.12), (4.14), and (4.17),
in fields satisfying the condition (4.15), is described by
the expressions

Ac1m,lm = F1 (Gt) 1‘,:"’“"‘ FZ(GZ):T!YIM )
4(Yoo — ©)" + yai®
[(Yuo - 0))2 + sz]z ’

Here F,(>0)and F,;(>0) are complicated coefficients
that depend on the non-zero matrix elements of the
operators I{¥, IV, 1P, and J{» (see (4.14) and (4.9))

(4.18)

(G) 12" = (Cima)? (4.19)
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and determine the concentration dependence of the
resonant change in the thermal conductivity. At low
concentrations of the first gas we have F,~ n;, and at
small concentrations of the second gas F; ~ n,. (The
concentration dependences will be discussed below.)

It follows from (4.18) and (4.19) that at a fixed fre-
quency and amplitude of the alternating field the quan-
tity Acim im and consequently also the change of the
thermal-conductivity coefficient, has two maxima at
constant-field values

A 1
® 4+ _"_H,

Wirot  2)2
corresponding to resonance with the molecules of the
first gas, and two maxima at constant-field values

h
Hy, = s iLH“

Warot 21/7
corresponding to resonance with the second gas.

Thus, a resonant spectrum, each line of which has a
fine structure, should be observed in a gas mixture.

As seen from (4.18) and (4.19), the amplitudes of
the resonance lines also change with changing concen-
tration, but the form of the fine structure of the lines
does not depend on the concentration. The latter cir-
cumstance can be attributed to the fact that, in the
nonspherical scattering model considered above, the
collision-operator matrix elements differ from zero
for both identical and different molecules only in
‘¢ransitions into states’’ with identical I, = 2. The
anisotropy of the non-equilibrium distribution functions
(x: and y.) in (v, M) space will then be the same and,
as can be seen from (3.8), (3.10), and (3.11), it is de-
scribed in the first approximation in € by the functions
¢n (3.11) with 7, =1 and [, = 2. This form of the
anisotropy of x; and yx. is likewise independent of the
concentration.

The change of the anisotropy of x, and x. with
changing concentration, and consequently the change of
the fine structure of the resonance lines, can occur in
a gas mixture if the non-spherical interaction of mole-
cules of different sorts differs. An example is a mix-
ture of two molecular gases, one of which exhibits the
anomalous effect of the change of thermal conductivity
in a constant magnetic field!*®). Such an effect can be
represented as a superposition of two changes of the
thermal-conductivity coefficients, with opposite signs.
As shown in[®%'"] the anomalous effect can be ex-
plained by consxdermg collisions for which the proba-
bilities of the direct and inverse transitions are differ-
ent (w=w’). Allowance for these collisions leads to
the need for breaking up the operator I{" into sym-
metrical and antisymmetrical parts, having the
properties!®

H, = (4.20)

(4.21)

A (4.22)
iy Tapind = Couy Tpind, o, Ltpind = —Cuwy Lotpind.

When describing the interactions of molecules in a
mixture of gases, in one of which the anomalous effect
is observed (the first gas), in accordance with the
selection rules for the operators I; and 1'%, the
simplest model will be the one with non-zero matrix
elements of I for ‘‘transitions into states’’ with
1,=1,1,=1 and for ‘‘transitions into states’’ with
1,=1,1; =2 in the case of the operators Ic, Iaﬁ, Ja;,,

and fz. Then the anisotropy of x, will be described by
a linear combination of the functions ¢ with [, =1
and I, =1 and 2, while that of y. will be described by
the functions ¢p with I, =1 and I, = 2. As shown by
the calculations, the expression for Acym,m (4.14)

“ will contain in addition to the terms analogous to (4.18)

and (4.19) also the supplementary term

Acltnlm =F.’!(Gt)‘l’l"""':FS(C::lD)z—'L, (4'23)
(Val - (1))2 + Yu‘

which describes the resonant increase of the thermal

conductivity connected with the resonance with the

molecules of the first gas; F3(>0) determines the

maximum increase of the thermal-conductivity coef-

ficient and depends on the matrix elements of Ia.

It follows from (4.23 that Aclm,lm reaches a maxi-
mum at
(4.24)
When this relation is satisfied, in accord with (4.18)
and (4.19), the resonant change (decrease) of the
thermal-conductivity coefficient should have a mini-
mum,

At low concentrations (n, — 0), when the collisions
of the molecules of the first gas with one another do
not make an appreciable contribution, we have F; ~ nﬁ
(as follows from (4.9), (4.14), and (4.22)), and therefore
the resonant change of the thermal-conductivity coef-
ficient in the approximation linear in the concentration
will be described by expressions analogous to (4.18)
and (4.19), and the anisotropy of y,, which is described
by the function n w1th !, =1 and I, =1, vanishes.

According to'®*!, the resonant change of the thermal
conductivity in the case when H, is parallel to VT is
determined by the coefficient Ac,g,10, and consequently
also by the quantities Gj% (4.17). However, Cioi =0,

and therefore (see (4.23)) in a field H, | VT there
should be no resonant increase of the thermal-conduc-
tivity coefficient.

In the second simplest model of the interaction of
the molecules of the same mixture, the non-zero
matrix elements will be those of the operators I:x‘;a and
3¢ ‘k (a = B) in ‘“transitions to the states’’ with
I,=1 and I, =1 or 2. It can be shown that in this case
a change of the concentration will be accompanied by a
change of the anisotropy of the distribution function and
of the fine structure of the line of the second gas.

An analogous behavior of x,, X2, and of the fine
structure can take place in a mixture of a dxatom1c gas
with a gas of the SFs type. It was shown in{®! that in
a gas with molecules of the type SFg, which have octa-
hedral symmetry, the main term in the expansion of
the nonequilibrium distribution function is the one con-
taining the product of irreducible third- and fourth-
rank tensors ([v]*[M]*), made up of the components
of the velocity and angular momentum vectors. As
follows from the performed analysis, the fine structure
of the line of such a gas consists of four maxima, the
positions of which are determined by the relations

H, = ok [ pirot

h 1 h 3
e +——Hh (Hau)3,4= d Zt‘—Hi

Uarot Harot 4

(Hoo)1o =

In a mixture with SFg the fine structure of the line of
the first or of the second gas will vary with the concen-
tration, depending on whether the operator for colli-
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sions between molecules of different sorts has or does
not have non-zero matrix elements for ‘‘transitions to
the state’ with I, =3 and [, = 4,

It should be noted that the perturbed-collision-
operator model describes satisfactorily the interaction
of molecules in a number of gases[w] when transitions
to the state with [, = 2 are allowed and the anisotropy
of y is described by the functions ¢pn with /, =1 and
l, = 2. This result follows from measurements of the
ratio (A KJ_/A k) sat of the components of the thermal-
conductivity tensor at saturation when the constant
magnetic field is perpendicular and parallel to VT.
However, in the presence of other terms of the expan-
sion of the non-equilibrium distribution function (for
example v, M, [v]*[M]*), a deviation of the ratio
(Ak;/Aky)sat from ¥, (this value corresponds to an
anisotropy of y described by ¢p, ¢, =1, I, = 2) should
be observed in different directions. In this case
measurements of (Ak; /A K“)Sat cannot give reliable
information concerning the true contributions of the
different terms to the eapansion of y.

Let us consider the dependence of the resonant ef-
fect on the concentration. We assume that the second
gas constitutes an admixture x = n;/n < 1. In this
case, retaining in (4.7) terms that are linear in x, we
can reduce the experimentally measured relative
change of the thermal-conductivity coefficient in
crossed fields, € = (€ + €,)/2, where €| = Ak| /Ko
and €)= Axy/ko (Ko is the thermal-conductivity coef-
ficient of the mixture in the absence of fields), to the
form

&= y Yo [Re(Acm)u‘u +(Aca) umo],

Z (1= 2) [(A) "+ (A) ™) +an[(A) " + (A 1),
(4.25)

where n =1 if @« =1 and  =m,;/m, if @ =2, and
(A imm = —[(1 — 2) (4),7"(G) "™ +2(4:) " (G) "],
(Acs) imin = —[2(42) 2" " (G2) ™" + (1 — 2) (4 Yo (G .

The coefficients (A, ) where n =1, 2, 3, and 4,
are given by cumbersome equatlons that depend on the
collision frequencies of the like and unlike molecules
and on the matrix elements of the operators I‘d" and
:;;3 The expressions for (Ggq)i'™ in the case of

large values of the fields (yqgo, ¥y a1 > NaAan) are
given in (4.19) above.

The concentration dependences of the GMR in the
case of arbitrary concentrations become much simpler
if it is assumed that the binary mixture under consider-
ation consists of gases with large thermal conductivi-
ties and with close values of the masses and interaction
nonsphericities of the molecules. This makes it possi-
ble to put

A by () e =D) s, M= M. (4.26)
Using these assumptions, and also the relations (3.6),
(3.8), and (4.10), we obtain

B =(1—z) Y‘ A {imy W oo (T9) i,

Mo

an == 1"2 }»nn (Almr ‘I’m;) (I( ))nam

U= Q= Z Kt (A, Wo (ID) o,
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Qur = H,7 =0. (4.27)
In this case the relative change of the thermal conduc-
tivity (6) takes the form

e= Z—[Re(Aca)u w4 (Aca) o, @.28)
where
- }__‘J Atmin (1 — 2z 4-22%),
(Acy)imum = — (1 — 2)’A*™ (G ) "™, w29)
(AC2) 1mam = A (G \1‘2'" im’
A= (n) 2 (2 o 0> IO ]’y = 0,1,

Expressions for (Gg)"™ ™ are given in (4.17). It
should be noted that, according to (4.28) and (4.29), a
certain deviation of the effect from linearity with re-
spect to x = n,/n is observed even for such a simpli-
fied case of binary mixtures. For arbitrary gas mix-
tures, this relation is more complicated.

The authors are grateful to L. L. Gorelik, L. A.
Maksimov, and V. V. Sinitsyn for a discussion of the
work.
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