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The measured temperature dependence of the am-
plitude coefficient of absorption of sound a is shown
in the Figure. The dotted part of the curve corre-
sponds to a temperature region in which the meas-
urements were only approximate. These results
show that the anomalous absorption of sound in a
second-order phase transition predicted in a general
way by Landau and Khalatnikov does indeed occur
in solids,* although the case which we investigated

was not specifically taken into account in their
work.
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It turns out from our experiments that in a ferroe-
lectric substance this phenomenon has its own char-
acteristic features: a transverse sound wave of giv-
en polarization undergoes an anomalous absorption;
this absorption increases in both phases as their
temperatures approach the Apoint. These circum-
stances have already been explained theoretically
by Landau, whose results will, with the permission
of the author, be set forth in another more detailed
report.

In conclusion it is interesting to note that in a
paper (of which Landau and Khalatnikov were una-

*This was shown for the phase transition in liquid
helium by Pellam and Squirez.
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ware) by Huntington® devoted to measurements of
the elastic constants of various substances by an
ultrasonic method, the author describes an observa
tion which now becomes completely understandable.
While not citing systematic data for the absorption
of sound at different temperatures, Huntington re-
ported, however, that with the apparatus at his dis-
posal it was not possible for him to work with
Rochelle salt at temperatures below 26.5°C because
of the strong absorption of sound in this crystal. It
is now clear that Huntington’s observation was re-
lated to experimental conditions corresponding to
the steep rise of the upper part of the right-hand
branch of our curve showing the temperature depend-
ence of a.

Finally, it is perhaps necessary to include within
this same set of phenomena the jump in the coef-
ficient of absorption of sound in tin at temperatures
near 160°C, observed by Bordoni and Nuovo®.
Unfortunately the brevity of their report and the ab-
sence of quantitative data in it make it difficult to
interpret their results, so much more so since the
nature of this phase transition in tin is apparently
still not completely clear.

The authors are extremely grateful to Academi-
cian L. D. Landau for valuable discussions of the
results of their experiments.
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A STACK of unmounted pellicles, Ilford type
G-5, 600y thick (P stack), irradiated in 1955 in

IN
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the Po valley at a height of 25.5 km for 6 hours, a
nuclear interaction of the type 1 + 37a was found,
in which the secondary particles of the shower tra-.
verse 6 cm of path before leaving the stack.

1. The angular distribution of secondary charged
particles was measured, the small angles € being
measured from the center of axial symmetry of the
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narrow cone of particles. To get the angular dis-
tribution of the penetrating particles directly in the
center-of-mass system of the colliding nucleons,
the angular variable was taken as In tan 6. The
differential angular distribution, obtained by aver-
aging three independent measurements, is shown in

the figure.
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A necessary condition for the determination of
the original energy from the angular distribution is
the symmetry of this distribution in the center-of-
mass system relative to the angle 6, = 7/2. To test
the symmetry the so-called y*-test! was used. It
turned out that the experimentally observed angular
distribution was symmetric with a probability of

90%.

Similarly, the probability of agreement of the ex-
perimental data with the assumption of an isotropic
angular distribution (dotted curve in the figure) is
about 0.1%, and the distribution predicted by Lan-
dau’s? theory (solid line in the figure) is correct
to a probability of about 90%.

Starting with the symmetry of the angular distri-
bution we got several partially independent deter-
minations of the energy E, from the values of
In tan 6 for each pair of particles symmetric about
the angle 0,.. As a result, for the energy of the
original particle in the center-of-mass system (E)
and in the laboratory system (E,) we got:

E,= (ZOOii’g) M,  E,= (sjg).w““ ev per nucleon.

The relatively small number of generations of fast
particles, and likewise the presence of only one
slow particle, lead to the assumption that only one
out of four incident nucleons took part in the inter-
action, as has been observed frequently in the work
of Rao and others?®,

2. In the summed path lengths of the secondary
particles in the emulsion, about 110 cm, three cases
of secondary interaction were found, the character-
istics of which are given in Table 1, where, along
with the energy, we also determined the transverse
momenta of the particles (in the Table

Y = expllntan 0}, g = 2y’ f(2)

where f({) is a correction taking account of the pos-
sibility of collision with several nucleons of the
nucleus). In determining the energy of the second-
ary particles from the angular distribution of the
showers formed by them, account was taken of the
possibility of the simultaneous interaction of the
incident particle with several (/) nucleons of a nu-
cleus of the photoemulsion (see for example Ref. 4).

A third interaction occurred near the axis of a



LETTERS TO THE EDITOR

765

shower and was caused, probably, by a fragment of a primary a-particle (p, d or ¢).

TABLE 1.
Angle 6
" Type of .

};Etwe:::i:f::i secondary - Yo g, Bev P ffg
ns'hllwer axis interaction we we
. -3 ] Q < ¥ +120 +27
3-10 9413 p 5.541.5] 180" 90 3'9-—1.8
e i o | o500 +2.3
6- 10 3410 p | 1334 | 7007500 ates

~3-10-¢ |14+(10+15)p ~200 10%-+-105 <200

3. Another indirect method for the approximation
measurement of the transverse momenta (p°) of the
shower particles is the determination of the energy

the decay of 7°-mesons. Table 2 gives the charac-
teristics of all the pairs, which, as far as we can
tell, are not connected with electron brehmstrahl-

and direction of flight of the photons arising from ung. The table gives all the information needed for
TABLE 2.
a S, MM hv, B Oy 0/,
s A v, Bev YXx p_L.r we ¢
1104 4.5 130 1.10-3 1.8 0.35
1104 4.5 130 1.10-3 1.8 0.35
3.5 104 2.7 30 2103 0.8 0.35
2.5-104 2.1 40 2-10-3 1.2 0.43
1.104 4.6 130 0.6 .10-3 1.2 0.55
2104 2.2 90 1.4.1073 1.8 0.55
4. 104 1.2 25 0,7 -10-3 0.25 0.67
1.2.10°% 6.0 110 0.3.103 0.6 0.8
0.9.104 5.8 160 0.2.10°8 0.5 0.8
Note: 6'yx is the direction of the photon relative to the

axis. p? is the x-component of the momentum; ¢ is the

distance from the point of formation of the shower in

radiation lengths.

calculating p§. The energy /v of the photon was

obtained from the relation:

€))

mc

hy=(4m, cz/a)’ / 10g < ) + 5s
where m c® is the rest energy of the electron and
ais the angle of divergence of the components of
the pair, measured by the value of their mutual
separation in a path s (in mm). Since Eq. (1) gives
the energy Av under the assumption that the ener-
gies of the electron and positron are equal, it gives
low values of kv in the mean.

As can be seen from Tables 1 and 2, the values
of the transverse momenta, measured by the two in-
dependent methods, agree satisfactorily with one

another, and give a mean value p, ~ 2uc with a
scattering APLN py about the mean. This result
agrees well with the corresponding data® obtained
from direct measurement of the angles’and energies
of the secondary particles.

As is shown in Ref. 6, the distribution of the
particles relative to the value of p, is such that it
can be considered the result of purely thermal mo-
tion of the nascent particles.

The authors thank Prof. C. F. Powell for his co-
operation in getting the emulsion stack, Prof. N. A.
Dobrotin, I. L. Rozental’ and D. S. Chernavskii for
a discussion of the results, and laboratory Iu. F.
Sharapov, R. M. Gryzumov and M. F. Solov’ev for
their assistance in working up the materials.
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Paramagnetic Absorption in Some Manganese
Salts in Parallel Fields at
Super-High Frequencies

A. 1. KURUSHIN
(Submitted to JETP editor Jan. 14, 1957)
J. Exptl. Theoret. Phys, (U.S.S.R.) 32, 938-939
(April, 1957)

ARLIER,I'2 WE MEASURED the paramagnetic ab-

sorption in some powdered salts of gadolinium

and of manganese in parallel fields, at room tem-
perature, at frequencies of the order of 9x10° cps.
It was found that, as in the case of frequencies of
the order of 6 x 10° cps,®* the absorption decreases
monotonically with increase of the constant mag-
netic field. The experimental absorption curves ob-
tained in Ref. 1 to 4 are in good agreement with

"

arbitrary units
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Shaposhnikov’s® phenomenological theory of para-
magnetic absorption in parallel fields, if it is as-
sumed that the spin relaxation time 7 of that theory
is independent of the value of the constant field.
Recently, Smits et al.® experimentally established
a more complicated type of dependence of paramag-
netic absorption on the value of the constant field
and on the frequency of the alternating field at tem-
perature 20.4° K, for frequencies of order 10° to 10°
cps. It was found, in particular, that the curves of
absorption vs value of the constant field, at a given
frequency of the alternating field, have a maximum,
The present note communicates the results of
measurements of paramagnetic absorption in paral-
lel fields in the powdered salts Mn(NO,),-6H,0 and
Mn(NH,),(SO,),-6H,0 at room temperature (T = 291°K),
at frequency v = 9.377 x 10° cps. The method used
in the measurements is that described in Ref. 1.
The results of the measurements are presented in
the Figure, where curves I and II relate respective-
ly to the first and the second of the substances in-
dicated above. Plotted along the ordinate axis is
the imaginary part of the magnetic susceptibility in
arbitrary units, and along the abscissa axis the
value of the constant field, which is parallel to the
high-frequency field. It is evident that the absorp-
tion curves for the salts under study differ essen-
tially from those obtained earlier for other sub-
stances;1*2 there is an absorption maximum in a
range of constant fields of order 1500 oersted.
Thus our results, which relate to room temperature,
are similar to the results obtained by Smits et al.
at temperature 20.4° K. In the range of fields of or-
der 3400 oersted, the absorption curves are some-
what irregular; apparently the reason for these ir-
regularities lies in a paramagnetic resonance ab-
sorption, caused by a slight deviation from paral-
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