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Reabsorption of the 2138-A line can considerably
reduce this ratio, but a rough estimate shows that
this ratio remains ~ 1.

The ratio of the numbers of excitations, aj/ay,
if we assume that the excitation occurs only be-
cause of electronic collisions, should be less than
unity, but under the conditions we are considering
there is a mechanism for selective excitation of
the 4'D, level which consists of the following:

An atom of mercury has a 73S, level whose en-
ergy of excitation is only 133 cm™! lower than the
energy of the excited 4!D, level of the zinc atom;
i.e., the difference between the energies is of the
order of the average energy of thermal motion of
the atoms at room temperature. Therefore, we
have very effective resonance collisions of the
second kind between excited mercury atoms (7381)
and unexcited zinc atoms, as a result of which
there will occur an excitation of zinc atoms to the
4!D, level. The number of mercury atoms in the
discharge is very much greater than the number
of zinc atoms, which guarantees a transfer of
energy through collisions of the second kind.

It seems to us that this mechanism of excitation
of approaching atoms by resonance collisions of
the second kind in a gas discharge mixture can be
extremely effective for producing a medium with
a negative absorption coefficient. It seems that
one can find a considerable number of examples
of mixtures of atoms with nearby energy levels
and with an asymmetry in the transfer of excita-
tion by inelastic collisions of the second kind.

As an example, we may point to the mixture
of cadmium and zinc atoms in which, in the dia-
gram of energy terms, the interaction of the 5381
HgI and the 6180 CdI terms should produce a me-
dium with a negative absorption coefficient for the
infrared transition with A = 10394.7 A and for the
visible transition with A = 4413.06 A.

The authors express their sincere gratitude
to V. A. Fabrikant for valuable advice and useful
discussion of the work.
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THE resonance absorption of 23.8-kev y quanta
by Sn!'® nuclei, resulting from the emission and
absorption of y quanta without energy loss to re-
coil (M&ssbauer effect!), has been observed ear-
lier by Alikhanov and Lyubimov? and by Barloutaud
et al.® Alikhanov and Lyubimov studied, in particu-
lar, the influence of an external magnetic field on
the magnitude of the resonance absorption effect.
In our previous work* we measured the dependence
of the resonant absorption of 23.8-kev y quanta
emitted in the decay of Sni®™ on the vélocity of
the source with respect to the absorber; we de-
tected a hyperfine structure of the y rays due to
the splitting of the excited state of the Sn!!® nu-
cleus in the electric field of the white tin crystal.

In the present work we have investigated the
dependence of the resonance absorption of 23.8-
kev y quanta by Sn!*® nuclei on the source veloc-
ity under conditions where the absorber is in an
external constant magnetic field. In this case,
there is a Zeeman splitting of the absorption line,
and one observes in the absorption spectrum a
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hyperfine structure which enables one to deter-
mine the magnetic moment of the 23.8-kev ex-
cited state of Sn''®, The source of v quanta was
a foil of white metallic tin (94% Sn!i8 isotope),
irradiated with thermal neutrons in a reactor.

It is not advisable to use metallic tin as the
absorber in this case: If we have electric quadru-

pole and magnetic interactions of comparable mag-

nitude, the hyperfine structure of the level will de-
pend on the relative orientation of the magnetic
field and the axis of the electric field gradient.
Therefore, a unique interpretation of the results
of the measurements (for a polycrystalline ab-
sorber) will become difficult.

In our experiment we used SnNbs alloy as ab-
sorber. As we have shown earlier,! there is no
quadrupole splitting of the 23.8-kev level in a
SnNbj crystal, and therefore, in a constant mag-
netic field, the hyperfine structure of the absorp-
tion {ine has the simple Zeeman form. The
measurements were made with the source and
absorber cooled to liquid nitrogen temperature.
The experimental apparatus enabling us simul-
taneously to measure the whole absorption spec-
trum over a given interval of source velocity was
described briefly earlier.* The absorber (20 mg/
cm? of SnNbg) was placed between the poles of a
magnet which produced over the region of the ab-
sorber a constant homogeneous magnetic field of
12,150 oe. The measurements were made alter-
nately with magnetic field and without field.

In the magnetic field the ground state of the
Sn'®® nucleus (spin %) splits into two sub-levels,
and the excited state (spin 3/2) into four sub-
levels. Between the sub-levels of the excited and
ground states six different M1 transitions are
possible; as we change the velocity of the source,
there occur successive overlappings of the six
absorption lines with the two lines of the radiation
(the hyperfine structure caused by the quadrupole
interaction in the white tin crystal). Thus in the
measured absorption spectrum one should observe
twelve lines (over the whole range of positive and
negative source velocities).

The form of the absorption spectrum will de-
pend on the absolute values of the magnetic mo-
ments of the ground (u,) and excited (u) states
of the Sn!!® nucleus, on the relative sign of these
moments, and on the size of the quadrupole split-
ting A of the excited state in the tin crystal. The
magnetic moment of the ground state of Sn!!® is
known to be —1.05 nuclear magnetons.?

The results of the measurements are shown in
the figure (the ordinates give the counting rate in
arbitrary units, and the abscissa the source veloc-
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ity in mm/sec, or the corresponding energy shift
in ev). Since the counting rate for negative values
of the velocity did not differ within the limits of
experimental error from the counting rate for
positive velocities, we show on the figure only the
half of the absorption spectrum for positive ve-
locities. In the upper half of the figure is shown
the absorption spectrum in the absence of the mag-
netic field, analogous to that obtained by us pre-
viously. From this spectrum we again deter-
mined the separation A between the components
of the hyperfine structure in the tin crystal; we
obtained the value (1.2 = 0.2) x 1077 ev, which is
in good agreement with the value obtained previ-
ously.4

The absorption spectrum obtained when a mag-
netic field of 12,150 oe is applied to the absorber
is shown in the middle part of the figure. Since
the size of the magnetic splitting is comparable
with the natural line width, not all of the lines in
the spectrum are resolved, but this does not pre-
vent a unique interpretation of the result. The
position of the farthest absorption maximum
(shown in the figure by the number 1) corre-
sponds to an energy shift equal to uH + pH + A/2,
if the signs of the magnetic moments of ground
and excited state are opposite, and pH —puoH + A/2
if these signs are the same (in the formulas, u
and u, are the absolute values of the magnetic
moments ).

The overall appearance of the absorption spec-
trum enables us to make a choice between these
two possibilities, since the experimental data
agree with the theoretical computations of the
absorption spectrum only for the case of opposite
signs of p and py (positive sign of u). The com-
puted absorption spectrum is shown in the lower
part of the figure (disregarding the natural line
width; the heights of the lines are proportional to
their intensities). Thus, to determine the value
of u it is sufficient in principle to determine the
position of just the single extreme absorption
maximum.

Knowing the position of the three maxima
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(1, 2, and 3 in the figure), we can independently
determine, in addition to the value of u, the values
of the quantities A and pgy, which is an additional
check of the validity of the interpretation of the
measured absorption spectrum. Thus, for the
value of A we obtained (1.9 +0.2) x 1077 ev,
which is in good agreement with the value obtained
from the absorption spectrum in the absence of a
magnetic field, and the value of u, was found to

be — (1.1 +0.3) nuclear magnetons in agreement
with the available data. For the magnetic moment
of the 23.8-kev excited state of Sn!'® we found a
value p =+(1.9 = 0.4) nuclear magnetons. This
value considerably exceeds the value predicted by
the single-particle model (Schmidt lines), which
shows that the 23.8-kevlevel in Sn!!® in not a pure
single-particle level. Such a conclusion is con-
firmed by the fact that the M1 transition with en-
ergy 23.8-kev is I -forbidden.
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IF one wall of a reservoir containing a weak mix-
ture of the isotopes He3-He! is kept cold while
heat is given out at the other, He3 will be carried

along by the thermal excitations and accumulate

at the cold end. Diffusion and heat conductivity
will cause a concentration gradient and a tempera-
ture gradient VT. By measuring the temperature
gradient in the direction of the heat current in the
steady state, and knowing the magnitude of this
heat current, we can find the effective heat con-
ductivity, keff, which characterizes the processes
of diffusion, thermal diffusion, and heat conductiv-
ity in the mixture.

To measure VT, four 35-u phosphor-bronze
wire resistance thermometers were used. The
thermometers were made in such a way that their
coils lay in one plane. The heat current was pro-
duced by a constantan heater with bifilar winding
in the form of a flat disk. The lowest tempera-
tures were obtained by pumping off He3 vapor.
The temperature of the He® bath was controlled .
by a temperature regulator! and kept constant to
1074°K.

Figure 1 shows the dependence of kqff on T.
The circles and crosses correspond to results
obtained with two different devices. The theo-
retical curves (dashed) calculated by Khalatnikov
and Zharkov? are shown for comparison.

They determined the unknown constant for the
interaction of an impurity with a roton, which is
necessary for this calculation, from the experi-
mental value of the diffusion coefficient found by
Beenakker et al.3 at T = 1.5°K. The existence of
a minimum in the kgff (T) curve indicates the
existence of two heat transfer mechanisms in
weak He3-He! mixtures: heat transport due to
the motion of thermal excitations, limited by the
presence of He® (He® acts as a resistance to the
propagation of heat), and heat transport by ther-
mal conductivity (the diffusion of thermal excita-
tions).

Values of the diffusion coefficient D in the
temperature range from the A point to T = 1.5°K
were derived from the values of kgff for a con-
centration C = 0.1%. The results are shown in
Fig. 2. The theoretical curve obtained from the
equation2

kTt [ Py, )2
D= (f) )
is shown for comparison. Here k is Boltzmann’s
constant, pn, is the part of the normal density (pn)
of the mixture associated with the thermal excita-
tions, and tjp is the time characterizing the scat-
tering of an impurity on a roton.

To determine tjy, we normalized keff to the
experimental value at T = 1.6°K. The experimen-
tal values of the diffusion coefficient, taken from



