
LETTERS TO THE EDITOR 443 

mining the Curie temperature in a ferromagnet 
with sufficient accuracy. In the present investi
gation, aiming to obtain preliminary data on the 
shifts of the Curie pofnts, we investigated the 
temperature variation of the residual magnetism 
of samples of uranium hydride and deuteride. It 
is lmown that as the Curie point (close to 180° for 
the compounds of interest to us ) is approached 
from the low-temperature side, the residual mag
netism experiences a rapid decrease, linear over 
a sufficiently wide temperature interval. The in
tercept of the magnetization vs. temperature curve 
with the temperature axis can be assumed to be 
the Curie temperature of the specimen only in the 
first approximation. However, the difference in 
the so obtained "extrapolated" temperatures of 
the two specimens is apparently equal, with suf
ficient accuracy, to the true difference of the 
Curie temperatures of these specimens. 

The residual magnetism of the specimens was 
measured with an astatic magnetometer. The tem
peratures of the specimens were determined in the 
various experiments either with a copper-constan
tan thermocouple, or with a platinum resistance 
thermometer. Approximately 20 specimens of 
uranium hydride and deuteride were prepared. 
The impurities in the initial uranium fluctuated 
from 0.4 to 0.12 percent. All the hydride and 
deuteride specimens were obtained through a 
direct reaction between the uranium and hydrogen 
or deuterium at approximately 250°C. The hydro
gen and deuterium were produced by decomposi
tion of a suitable amount of uranium hydride or 
deuteride at a temperature near 400°C. 

In all the specimens investigated, an isotopic 
shift of the Curie temperature was observed in 
going from the hydride to the deuteride. This 
shift is practically independent of the purity of 
the initial uranium and consequently is not due to 
chemical impurities. Typical curves of the tem
perature dependence of the residual magnetism 
JR of the hydride and deuteride samples are shown 
in the figure. It is seen from these curves that the 
difference in the Curie tetnperatures of uranium 
hydride and deuteride is 4 °. The average error, 
obtained in the measurement of 10 pairs of speci
mens, is 0.5°, The Curie-temperature shift ~® 
in going from the hydride to the deuteride of ura
nium is thus 

euH,- euo, = 6e = + (4.0 ± 0.5tl(. 

The method described is not suitable for the de
termination of the absolute Curie temperature. The 
Curie temperature obtained by the extrapolation 
method depends on the magnetic "prior history" 
of the specimen. In our experiments, residual 
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magnetism was produced by slowly cooling (for 
one hour) the specimens, placed in a magnetic 
field of approximately 200 oersteds, from room 
temperature to that of liquid nitrogen, after which 
the magnetic field was turned off and the specimen 
remained magnetized. The value of the residual 
magnetism depends, naturally, on the intensity of 
the magnetic field in which the specimen is cooled 
and on the lowest cooling temperature. 

The extrapolated Curie point, obtained from the 
residual magnetism vs. temperature curve for the 
given specimen, remained constant within 0.1 or 
0.2° under considerable variations of the external 
conditions (magnetizing field and temperature ) . 

We are planning an investigation of the absolute 
value of the Curie temperature of uranium hydride 
and deuteride. 

In conclusion, we thank Academician I. K. Kikoin 
for suggesting the problem and for great help in the 
investigation. 
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THE investigation of the magnetic properties of 
the ferromagnets uranium hydride and uranium 
deuteride is of great interest, because it discloses 
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how replacement of one element by its isotope af
fects the properties of the ferromagnet. It was 
shown, in particular, 1 that uranium hydride had a 
Curie temperature noticeably different from that 
of the deuteride (by approximately 4°). 

Henry2 has shown that even the saturation mag
netizations of uranium hydride and deuteride are 
different. His value of the Curie temperature of 
uranium hydride ( 168°K) differs substantially 
from the value given by Lin and Kaufman ( 18PK). 3 

The procedure used in reference 1 made it pos
sible to observe only the shift in the Curie temper
ature in going from the hydride to the deuteride of 
uranium; the absolute values of the Curie tempera
tures were determined in these experiments quite 
roughly. 

One of the most reliable methods of determining 
the Curie temperature is to investigate the temper
ature dependence of the magnetocaloric effect, in 
which the temperature of a body is changed by adi
abatic magnetization. This temperature change is 
equal to where J is the magnetization of the spe-

T (dJ) 
dT =-CH \dT HdH, 

cimen, T the temperature, CH the heat capacity, 
and H the intensity of the magnetic field. Since 
( dJ / dT) H of ferromagnetic bodies has its maxi
mum at the Curie point, the temperature variation 
at this point has a clearly pronounced maximum, 
which permits an accurate determination of the 
Curie temperature. 

An investigation of the magnetocaloric effect 
has additional interest in that its value, together 
with the temperature dependence of the magneti
zation, permits a determination of the constant of 
the molecular field of the investigated ferromagnet. 

Uranium hydride, like uranium deuteride, is ob
tainable only in finely-powdered form. A method 
was therefore developed of measuring the magneto
caloric effect in powdered specimens. To check 
this method, we measured the magnetocaloric ef
fect in ferromagnetic chromium-tellurium ( CrTe) 
and manganese-antimony ( MnSb) alloys. The data 
obtained were found to agree well with measure
ments made by others on monolithic samples of 
these substances. We compared our results with 
the data of Weiss and Forrer4 for nickel, with the 
data of A. K. Kikoin5 for CrTe, and with the data 
of 0. A. Shakalis (private communication) for 
MnSb. The method of obtaining specimens of ura
nium hydride and deuteride was analogous to that 
described in references 1, 3, and 6. The amount 
of impurities in the initial uranium did not exceed 
0.12%. The magnetocaloric effect was measured 
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The diagram shows curves for the dependence 
of the magnetocaloric effect on the temperature, 
plotted in a magnetic field of 17,000 oersteds. The 
maxima of the curves correspond to the ferromag
netic Curie temperatures ®uH3 = 182.0°K and 
®un3 = 178.4°K. The difference in the Curie tem
peratures, ~® = 3.6 ± 0.4°, is in good agreement 
with the results of reference 1. The absolute Curie 
temperature for uranium hydride. is nearly the same 
as obtained by Lin and Kaufman, 3 but differs con
siderably from the value of 168°K given by Henry 
for uranium hydride,2 a value that must be con
sidered erroneous. 

It follows from the curves that uranium hydride 
and deuteride have not only different Curie temper
atures, but also different magnetocaloric effects. 
In particular, the maximum temperature change 
~Tm in adiabatic magnetization (at the Curie 
point) is 1.6 times greater in uranium hydride 
than in deuteride. 

Whether this difference in the magnetocaloric 
effects is due only to the difference in the satura
tion magnetisms of these compounds2 or partly to 
the difference in the molecular-field constants can 
be ascertained only by detailed magnetic investiga
tions, which are now in progress. In any case, the 
measurements of the magnetocaloric effect make 
it possible to determine the magnitude of the spon
taneous magnetization for these new ferromagnetic 
substances. 

A. G. Orlov, a student at the Moscow Engineer
ing-Physics Institute, participated in the prelimi
nary experiments on the magnetocaloric effect. 

In conclusion, I thank the supervisor of this proj
ect, Academician I. K. Kikoin, for continuous inter-
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est in the problem and for much valuable advice. 
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THE violation of the law of parity conservation in 
weak interactions is known to lead to the longitudi
nal polarization of the p. meson in the 1r - p. de
cay in the center-of-mass system. The p. mesons 
observed at sea level are produced in the decay of 
1r mesons in flight. A current of p. mesons with 
energy Ep. is generated by 1r mesons in a certain 
energy interval AE7r. Since the energy spectrum 
of the 1r mesons in the atmosphere decreases fast 
with the energy (,... E1-'Y7r), there will be an excess 
of p. mesons flying, in the center-of-mass system, 
into the forward hemisphere relative to the direc
tion of motion of the 1r mesons, i.e., the p. -meson 
current will be polarized. The degree of polariza
tion of the the p. mesons was theoretically deter
mined by Gol'dman (reference 1).* It is given by 
the expression 

Tj=------ 1---1 y 1-v [ (1- v)· 
v y -1 v ,1 + v 

where v is the velocity of the p. meson in the 
center-of-mass system, measured in units of c; 
y is a parameter characterizing the energy spec-

trum of the particles which generate the p. me
sons. It was further shown1•2 that the depolariza
tion due to scattering of the p. meson before it 
comes to rest is negligibly small. The polariza
tion of the p. mesons can be determined by study
ing the asymmetry in the electron emission in the 
p. -e decay. 

In the two-component theory of the neutrino, 
this asymmetry is determined by the formula of 
Lee, Yang, and Landau: 

e• w (s, 6) ds d!J. = 2rc [(3- 2s) + e'Yj (2s- 1) cos 6] ds dQ, (2) 

where € is the energy of the positron in units of 
the maximal energy, ; is a theoretical parameter 
which is close to unity and depends on the coupling 
constants, TJ is the degree of polarization, and 9 
is the angle between the polarization vector of the 
p. meson and the direction of emission of the elec
tron. 

The present note is devoted to the experimental 
determination of the degree of polarization of the 
cosmic p.+ mesons at sea level. The measured 
quantity is the relative yield of decay positrons 
emitted into the upper hemisphere in the decay 
of the p. + meson as it comes to rest. The p. - e 
decays were observed in a large rectangular Wil
son chamber containing 9 copper plates each 4 mm 
thick. The presence of 550 g/ cm2 of material on 
top of the chamber determined the momentum of 
the p. mesons decaying in the chamber as Pp. ~ 
1.2 Bev/c. In total, 202 meson decays were ob
served. In 122 events the positron was emitted 
into the upper hemisphere and in 80 events, into 
the lower hemisphere. The relative number of 
decays in which the positron was emitted into the 
upper hemisphere is thus f3cu = 0.604 :1: 0.034,t 
which corresponds to a degree of polarization 
TJ = 0.98.:U~. To ascertain that no coarse syste
matic errors were incurred which might lead to 
an asymmetry, a control experiment was run in 
which the copper plates in the chamber were re
placed by iron plates, which were so magnetized 
in the horizontal direction as to depolarize the p. 
mesons completely. In this experiment the rela
tive number of decays with the positron emitted 
into the upper hemisphere was f3Fe = 0.516 :1: 0.052, 
which is in good agreement with an isotropic dis
tribution {3 = 0.5. 

Theoretical calculations1 of the degree of polar
ization of the p. mesons produced by 1r mesons 
give the value TJ = 0.3. The experimental result 
is therefore not in agreement with the theoretical 
value. It also contradicts the experimental value 
TJ = 0.19 ~ 0.06 of Clark and Hersi1.4 


