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The previously observed singularities in the frequency dependence of the
Scott effect {4, 5] (the rotation of a heated cylinder placed in a molecular
gas following application of a magnetic field) were explained theoretically in
{1 - 3], where a resonant character of the behavior of the transport coef-
ficients of the molecular gases in parallel constant and alternating magnetic
fields was predicted. In the present paper we report results of experiments
which revealed for the first time resonant singularities of the dispersion of
the thermal conductivity coefficient of 02 molecules with electron-spin projec-
tions 0 = *1 and 6 = 0 on the direction of the angular momentum. An investiga-
tion of the behavior of the transport coefficients in such fields is of con-
siderable interest, since, as shown earlier [2], the character of the resonance
of the transport coefficients is connected with the anisotropy of the nonequi-
librium distribution function in the space of the angular momenta of the mole-
cules.

The thermal conductivity in a magnetic field was measured by a procedure
somewhat analogous with that described in [6]. The pickup consisted of two
cylindrical glass chambers with platinum wires stretched along their axes and
serving as the heat-sensitive elements. The wires were connected in opposite
arms of a dc bridge. One of the cham-
bers was placed in a high-frequency
solenoid producing an alternating mag-
netic field (H:) along its axis. Both &7’
chambers were placed inside Holmholtz
coils producing a constant magnetic
field (He) parallel to the alternating
field. The entire installation was so
oriented that the magnetic fields H,
and Hy, were parallel to the earth's
magnetic field He. In the experiments

described below, we measured the un-
balance of the bridge with the alter-
nating field turned on, due to the
change in the thermal conductlivity
when the constant field was turned on.
The absolute values of the relative r
change of the thermal-conductivity
coefficient (e, = -AKka/Kg), due to
the influence of the alternating
field, were determined by comparing
the Senftleben effect in 0., meas-

ured during the course of the experi- "“"‘5-
ments, with the data given in [7]. . ; . . A

The relative error in the calibra- y "0 20 5 Yo 50 60
tion was less than 10%. . Oe

Figure 1 shows the experiment- Fig. 1. Plot of €, = f(Hp) at H; =
al dependence of €, on the intensity 8.6 Oe, £ = 0.565 MHz, and p = 0.4
of the constant field Hy at an mm Hg.
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alternating-field amplitude Hi = 8.6 Oe, alternating-field frequency f = 0.565
MHz, and pressure p = 0.4 mm Hg. The value of e, at Hy = 0 is due to the high-
frequency field Hi. An increase of Ho leads toa change in the sign of e,. At
Hoe = 6.6 Oe, €, reaches its maximum (Em)res = 2.69 x 10-%, A second maximum
(e.\,)res = 0.59 x 10~?% is observed at Hyp = 32.5 Oe. e tends to zero with fur-
ther increase of Hy. Such a behavior of g, agrees with the theoretical pre-
dictions.

Following {2], we can write the expression for e, for the case of diatomic
molecules and VT|H, in the form
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where Yoo is the precession frequency of the magnetic moment of the molecule in

the magnetic field H, (o = 0 or 1); w is the circular frequency of the alter-

nating field: X 1is the collision frequency of the molecules; zm =1 2Wm2 deter-
b

mines the limiting value of € as He/p + <.

Although formula (1) has been written out for non-paramagnetic molecules
(in the case of paramagnetic molecules it must be averaged over the angular mo-
mentum M), for a qualitative description of the behavior of € it can be used
also for paramagnetic molecules, provided the angular momentum of the molecules
in the expression Yoo = [2uo0/M + 2uoﬁ600/M2]Ha for 02 is replaced by the aver-

age angular momentum M = A3 (J is the average rotational quantum number). For
paramagnetic molecules, the resonance should be more diffuse than in the case
(1), since the precession frequencies for such molecules are different (Max-
welllan distribution oVer the momenta). The chosen measurement procedure has
made it possible to separate from € the part (e,) having only a resonant char-
acter (e_ determines the relative change of the thermal-conductivity coefficient
due to the Senftleben effect). It follows from (1) that the first maximum cor-
responds to resonance on the molecules 0 with o = *1, and the second on the

molecules Oz with ¢ = 0. The values (HO)res = 5.6 Oe for ¢ = +1 and (HO)res =

34 Oe for ¢ = 0, are calculated from formula (1), are in satisfactory agreement
with the experimental ones.

Figure 2 shows a plot of €4 for f = 0.590, 1.225, and 1.700 MHz at H1'=
2.16 Oe and p = 0.4 mm Hg in the region of resonance on the molecules Oz with
g = *1. It is seen from the figure that a second maximum begins to appear with
increasing f. According to (1), at definite relations between p, Hi, gnd f for
the (diatomic) molecule 0z, two maxima should be observed, corresponding to m:
=1 and my =2. It follows from [2] that such a character of the resonance (two
maxima) is connected with the form of the anisotropy of the nonequilibrium
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Fig. 3

Fig. 2. Plot of €, = f(Ho) at Hy = 2.16 Oe and p = 0.4 mm Hg; O -
f =0.590 MHz, x - f = 1.225 MHz, o - £ = 1.700 MHz.

Fig. 3. Plot of e, f(Hy) at H; = 2.16 Oe and £ = 1.7 MHz; o -
p=20.%mmHg, x -p=0.2mmHg, A - p = 0.1 mm Hg.

distribution function in the space of_ the velocitieg (6) and momenta (ﬁ) of the
molecules, determined by the product V[M]Z, where [M]2 is a second-rank tensor

made up of the components M. Comparing the experimental values (HO)res = 4,0
Oe and (HO)res = 11.3 Oe with the theoretical values (Ho)res = 4.5 Oe for mp; =
2 and (H)) = 8,8 0e for me = 1, obtained from (1) for the experimental con-

0’res
ditions, we conclude that the first maximum corresponds to mz = 2 and the

second to mg = 1.

The positions of the maxima are determined not only by the frequency but
also by the amplitude of the alternating field and by the pressure, as is seen
from Fig. 3, which shows plots of e for different p = 0.1, 0.2, and 0.4 mm Hg
at Hy = 2.16 Oe and f = 1.7 MHz. The experimental values for (HO)res agree,

within the limits of experimental error, with the theoretical ones calculated
from (1).

We can also conclude from the experiments that the plot of (sm)res against
(Hi/p) at fixed (w/p) is analogous to the plot of e_ = f(Ho/p) (the Stenftleben

effect). At fixed (H:/p), the value of (E¢)res decreases monotonically with

increasing (w/p). Such behavior of (e,) agrees with the theoretical one

obtained from (1): res
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Thus, the experimentally observed resonant singularity in the behavior of
the coefficient of the thermal conductivity of 0, agrees with the theory.
This confirms the correctness of the choice of the employed model of molecule
collision.

The authors are grateful to L.L. Gorelik and N.I. Nikolaev for a discus-
sion of the work and for useful advice, and also to S.V. Sergeev for help with
the experiments.
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It is known that in single-crystal plates of orthoferrites cut normal to
the "c¢" axis one can observe, besides strip domains, also a system of cylindri-
cal domains [1]. Under certain conditions, the so-called ring domains [2] are
obtained. We shall show below that all the modifications of domain configura-
tions observed in orthoferrites can be regarded as a particular case of a
fegular)domain structure consisting of a system of concentric ring domains

Fig. a).

The picture shown in this figure was obtained with a highly perfected
TmFeQ3; plate measuring 7 X 10 mm and 60 W thick. At the center of the picture

is a cylindrical domain, stable in fields from H = 0 to H = Hcr’ where Hcr is

the collapse field. Thus, in the structure under consideration the range of
stability of the cylindrical domains 1s much higher than in the known structures

Regular domain structure
in single-crystal plate

of TmFeO; (50x): a - sys-
tem of concentric domains,
H = 0; b - close-packed
system of cylindrical do-
mains, H = 30 Oe; ¢ -~ sys-
tem of parallel strip do-
mains, H = 0.
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