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Experiments [1,2] have shown that the thermal conductivity of polar gases with tetra-
hedral molecules decreases in an electric field. This effect can be attributed, just as in
the case of a magnetic field (cf, e.g. [3]), to precession of the molecules in the electric
field; this precession, in view of the inherent non-sphericity of the molecules, changes
their effective collision cross section. The relative decrease of the coefficient of thermal
conductivity (e = —An/n) of a given gas is, at a specified temperature, a single-valued func-
tion of the ratio of the electric field to the pressure (e/p). It follows therefore that ¢
is determined by the ratio of the frequency of molecule precession in the field () to the
molecule-collision frequency (v).

The earlier experiments [2] have shown that when an alternating electric field is used
€ does not depend on the field frequency (f) up to 20 kHz. We report briefly in this paper
the results of an investigation of the dependence of € on f in a wide range of f. It was
natural to expect € to decrease to zero when f >> ; the angle through which the angulsr
momentum of the molecule is deflected by the precession then becomes close to zero. Accord-
ingly we can expect an appreciable decrease in ¢ at f = Q.

The proposed dependence of ¢ on f was investigated by us in NF; (whose molecule is a
trihedral pyramid with dipole moment d = 0.24 D) at room temperature, p = 0.2 - 1 mm Hg, and
E= 30 - 100 V/em. For symmetrical-top molecules, such as NFy, O can be estimated from the
formula

dE
Q= -, (1)
M
where M is the angular momentum.

Since the moment of inertia of NFg is I = 3.3 x 10737 g-cm® [4], we find from (1) that
Q=5 x 10° Hz for E = 100 V/em and T = 300°K. The experiments were made with f ranging
from 50 Hz to 2.5 MHz.

The setup used for the investigation is similar to that described in [2]. The pickup
comprised two interconnected cylindrical glass chambers of 15 mm diameter, with electrically-
heated platinum wires (SO p dia) drawn along their axes. These wires are two arms of a
Wheatstone bridge. One of the chambers was placed in a homogeneous alternating field of a

parallel-plate capacitor, to the plates of which there were applied alternating voltages of
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equal magnitude but opposite phase relative to the chamber filament. Particular attention
was paid to the symmetry of the voltages, since any asymmetry leads to the appearance of
capacitive current flowing through the chamber filament. Heating of the filament by this
current leads to further unbalance of the bridge, apart from the change in the thermal con-
ductivity of the gas. We note that this circumstance has prevented us from using in experi-
ments of this type a pickup in which the electric field is produced by applying a voltage
between the filament and external cylindrical electrodes.

When e€(f) is determined by this method, parasitic phenomena can set in, connected both
with the flow of a weak discharge current through the gas and with the presence of partial
screening of the field by the charges within the volume of the chamber and on its walls. DNor
can we exclude partial irreversible dissociation of the molecules of the investigated gas.
The correctness of our measurements was confirmed by a number of control experiments. Mea-
surements made over the entire range of p, E, and f have confirmed that the bridge does not
become unbalanced when the pickup chambers are filled with air. Measurements made by apply-
ing simultaneously to the plates two voltages of equal amplitude by significantly different
frequency (50 Hz and 2MHz) yielded for € a value quite close to that obtained at 50 Hz. This
allowed us to assume that there were no extraneous effects due to screening charges or gas
dissociation. One proof of the correctness of the results was their reproducibility at 50 Hz
before and after each high-frequency measurement.

It is convenient to assess the influence of the alternating electric field on the

thermal conductivity of the gas with the aid of the quantity ef/eo, where €, and €0 are the

values of ¢ at frequencies f and 50 Hz respectively. Figure 1 shows a plotfof ef/eo against
&€, f for NF5, obtained at p = 0.6 mm Hg and E = 111
10 V/cm. We see from the figure that under these
o8 | conditions ef/eo decreases noticeably when f
a6+ changes from 50 Hz to 2 MHz. 1In accord with the
o4t considerations advanced above and with the ex-
o2t perimental data shown in Fig. 1, it would be
1 L X L natural to assume that one of the characteristic
g a5 1w 5 20 . R .
£iMHz parameters governing the relative change in the
Fig. 1 effective collision cross section of the mole-

cules in the alternating field would be the ratio f/Q. To check on this assumption, we in-
vestigated the dependence of ef/eo on f/E for two values of E/p (see Fig. 2). Tt is seen
from the figure that ef/eo is uniquely determined by a relation of the form

—E—f-= ¢(——E‘: —f—)) (2)
< p E

i.e., by the ratio of Q/v and f/Q. This means that under the conditions of our experiments
€f/€o is a single-valued function of any of two ratios of the three frequencies f, v, and Q.
Figure 3 shows a plot of e f/ €, against f/p. We see that within the limits of experimental
accuracy the value of ef/eO is determined by only one parameter - the ratio f/p. This result
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can apparently be explained by the fact that, at least in the range of E, p, and f investi-

gated by us, the relative decrease of ¢ with increasing f is determined only by the ratio of

Ef/5n 6;/5,,
WFee,
st T
IAn
06 ot
o4} LI
orz_ e 0: ° a g
4 o
1 N " Ao 3 L L i
0 g5 10 s 25 30 35 0 / 2 3 4 5 & 7
FIEI072 Miz-cm/V £/P, Miz/mm Ha
Fig. 2. eg/eg vs. f/E: upper and lower
curves are for E/p = 102 and 184 V/cm-mm Hg, Fig. 3. eg/eg vs. f/p; notation same as
respectively. in Fig. 2.

the time of molecule precession in one direction to the time between molecule collisions. It
can be assumed, however, that in the general case ef/eo is determined by two ratios of the
aforementioned frequencies.

We observed a similar influence of an alternating magnetic field on the thermal con~
ductivity of oxygen. These results will be published.
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We discuss in this letter the influence of relaxation processes in a nonlinear medium
on the dynamics of self-focusing of laser pulses [1,2]. Since the characteristic amplitude
variation time is =10"2 sec even in "ordinary" giant pulses (see [3]; this time is even
shorter in lasers with synchronized modes, =~10"%2 - 10713 sec, see [4]), we cannot assume
that the nonlinear response of the medium follows the field quasistatically. This pertains
in particular to striction effects, which apparently determine the "fine" structure of self-

focusing beams in liquids with large Kerr constants, and the "coarse" structures in such
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