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ever their statistical reliability is not large. At 
the present time no data are available that either 
confirm or deny the existence of these maxima. 

An indication of the possibility of a resonance 
in the ( KN ) system at an energy of 1710 MeV has 
also been obtained in the work of Barmin et al; [8] 

the possible existence of a resonance at 1680 MeV 
in the (AT/) system has been discussed by Ioffe. [ 9] 

Previously[10J it had been discovered that part of 
the K0 mesons are secondary, arising from the 
decays 

zo-+K.O + AO + Q, (2) 

where Q, the binding energy, is equal to "'40 MeV. 
The analysis of the experimental data shows that 

the K0 mesons from reaction (2) give values of m * 
in the interval 1.8-1.97 BeV and grouped near the 
maximum possible value m* = 1.97 BeV. 

In conclusion the authors express their grati
tude to A. I. Alikhanov and A. F. Grashin for use
ful discussions. 

1 E. V. Kuznetsov and I. Ya. Timoshin, PTE 
No. 4, 40 (1959). 

2 Blinov, L<:manov, MeshkovskH, Shalamov, and 
Shebanov, PTE No.1, 35 (1958). 

3 Shalamov, Shebanov, and Grashin, JETP 40, 
1302 (1961), Soviet Phys. JETP 13, 917 (1961). 

4 Ivanovskaya, Kuznetsov, Prokesh, and Chuvilo, 
JETP 43, 765 (1962), Soviet Phys. JETP 16, 541 
(1963). 

5 Alston, Alvarez, Eberhard, Good, Graziano, 
Ticho, and Wojcicki, Phys. Rev. Lett. 5, 520 (1960); 
6, 698 (1961). 

6 Ferro-Luzzi, Tripp, and Watson, Phys. Rev. 
Lett. 8, 28 (1962). 

7 Erwin, March, Walker, Nuovo cimento 24, 237 
(1962). 

8 Barmin, Krestnikov, Kuznetsov, Meshkovskil, 
and Shebanov, JETP 43, 1564 (1962), Soviet Phys. 
JETP 16, 1104 (1963). 

9 B. L. Ioffe, JETP 43, 341 (1962), Soviet Phys. 
JETP 16, 245 (1963). 

10 Kuznetsov, Kuznetsov, Shalamov, and Grashin, 
JETP 42, 1675 (1962), Soviet Phys. JETP 15, 1163 
(1962). 

Translated by A. M. Bincer 
334 

CURVES OF THE COMMENCEMENT OF 
SOLIDIFICATION OF HELIUM ISOTOPE 
SOLUTIONS 

N. G. BEREZNYAK, I. V. BOGOYAVLENSKII, 
and B. N. ESEL'SON 

Physico-technical Institute, Academy of Sciences, 
Ukr.S.S.R. 

Submitted to JETP editor September 12, 1962 

J. Exptl. Theoret. Phys. (U.S.S.R.) 43, 1981-1982 
(November, 1962) 

IN recent years the thermodynamic properties of 
soiutions of He3 in He4 have been investigated in 
great detail. The exception is the equilibrium dia
gram of the liquid and solid phases of this solution 
system for which only limited data are availableP•2] 

To obtain the data necessary for plotting this 
equilibrium diagram, we carried out experiments 
to establish the relationship between the solidifi
cation pressure and the composition of the liquid 
phase. Use of the method of thermal analysis al
lowed us to determine the temperature and pres
sure at the commencement of solidification of a 
solution of known composition by recording the 
kinks on the time dependences of these quantities. 

The calorimeter temperature was measured 
with a carbon resistance thermometer. The pres
sure inside the calorimeter was found from the 
elastic deformation of the calorimeter walls. The 
deformation was deduced from the increase in re
sistance of a strain gauge in the form of a con
stantan wire wound on the cylindrical surface of 
the calorimeter. 

Using this method the curves for the initial 
stage of solidification were obtained for solutions 
containing 10.3, 24.1, 53.0, and 76.4% He3, and 
calibration tests with He4 were performed at 
temperatures from 1.5 to 4,2°K at pressures up 
to 140 atm. The average error in measurement 
of the temperature did not exceed 0.01 deg K and 
in determination of the pressure the error was 
0.5 atm. The results are given in Fig. 1 which 
shows that with increase of the light isotope con
tent of the solution the pressure at the commence
ment of solidification increases monotonically at 
all test temperatures. For comparison Fig. 1 also 
includes the solidification curve of pure He3 ob
tained by Grilly and Mills. [3] 

The results obtained allow us to plot the depend
ence of the solidification pressure on the composi
tion of the liquid phase for various temperatures 
(the "liquidus" line) which is shown in Fig. 2. 
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FIG. 1. Temperature dependence of the pressure at the 
commencement of solidification of helium isotope solutions 
containing various amounts of He3 • Molar concentrations of 
He3 in the solutions were (in %): 0- zero (continuous line 
plotted from the data of Swenson;[•] t; -10.3; •- 24.1; 
+- 53.0; D-76.4; dashed curve represents pure He3 .[•] 

He3 content, 7o 
FIG. 2. Dependence of the solidification pressure of 

helium isotope solutions on the liquid phase composition: 
o- results of the present work; •- results obtained by the 
blocked-capillary method; D- data of Grilly and Mills for 
pure He3 • 

The latter figure also includes the results obtained 
by the blocked-capillary method. [1] 

The form of the isotherms and the good agree
ment with the results of measurements by the 
blocked-capillary method allow us to conclude that 
the equilibrium diagram of the liquid and solid 
phases probably has a narrow phase separation 
region. 

It is worth noting that the results reported also 
agree satisfactorily with data obtained recently in 
the temperature range l.0-2.1°K, [2] but the ab
sence of a table in this work makes it difficult to 
carry out a detailed comparison. 

Experiments to determine the completion of the 
solidification of solutions of He3 in He4 are being 
carried out. 

The authors take this opportunity to thank Pro
fessor B. G. Lazarev for his interest in this work. 
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ExPANSION of strictly uniform matter, of infinite 
density at the initial instant of time, is at present 
the only reasonable explanation for the earlier 
stage of evolution of the universe. Is it possible 
for uniform matter to segregate into individual 
stars and nebulas as a result of gravitational in
stability in an expanding universe? As will be 
shown below, to get an affirmative answer it is 
essential to take account of the phase transition 
from the solid to the gas during the course of the 
expansion. 

E. Lifshitz [1] has shown that small density per
turbations increase with time in proportion to the 
radius of the world, so that op/p ~ R ~ p-113• This 
result holds for the period when the pressure is 
small compared with the energy density, p « pc2, 

that is, starting with nuclear density, p = 1014 

g/cm3• Since the density now is not less than 10-30 

g/ em 3, the perturbations increase by not more than 
( 10-3°/1014 )- 113 = 5 x 1014 times. The sun contains 
about 1057 nucleons, and the galaxy about 1068• Re
garding the nucleons at the start of the period as 
independent, we obtain for the density-fluctuation 
probabilities at the start of the period an estimate 
op/p = 1/ 2-IN", that is, 3 x 10-29 for the sun and 
10-34 for the galaxy. These fluctuations are so 
small, that if we increase them by 5 x 1014 we still 
do not obtain an appreciable quantity .1 l It is there
fore concluded [1] that "it can apparently be as
sumed that this mechanism cannot cause separation 
of the matter into individual nebulas." 
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