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(to the light fragment) were found to be approxi­
mately 1.3, i.e., the method of division of the 
uranium nucleus into two heavy fragments does 
not influence noticeably the deviation of the angle 
of emission of the a particle from its most prob­
able value. Apparently the spread in the angles 
about the most probable value is caused by another 
circumstance. 

On the basis of the present observations we 
can assume that at the instant of fission the a 
particle has a considerable velocity, the direction 
of which is equally probable relative to the line of 
fragment divergence. The presence of an initial 
velocity causes a spread in the angular distribu­
tion, the general character of which is established 
by the effect of the Coulomb fields of the fragments 
on the motion of the a particle. At high initial 
velocities the angle of emission of the a particle 
can deviate noticeably from the most probable 
value ( 82°), determined by the pattern of the 
scattering of the three particles at rest. 

The existence of an a -particle initial velocity 
may serve as a confirmation of the existence of a 
complexes in heavy nuclei. If such a complex hap­
pens to be near the point of scission at the instant 
of fission, complex fission with a third long-range 
a particle will be observed. 

*The preliminary data were reported by N. A. Perfilov at 
the Conference on Fission Physics in January, 1956.3 

1 Tsien, Chastel, Ho, and Vigneron, J. Phys. 
radium 8, 165, 200 (1947). 

2E. W. Titterton, Phys. Rev. 83, 673 (1951). 
3 N. A. Perfilov, Supplement to AToMHa.H 9HeprH.H 

(Atomic Energy), No.1, 1957. 

Translated by J. G. Adashko 
231 

FEATURES OF MAGNETIC HYSTERESIS 
PHENOMENA IN THE SYSTEMS Pr203 • 

Fe20 3 AND La20s · Fe203 

K. P. BELOV, M.A. ZAITSEVA, 
and A.M. KADOMTSEVA 

Moscow State University 

Submitted to JETP editor July 9, 1959 

J. Exptl. Theoret. Phys. (U.S.S.R.) 37, 1159-1161 
(October, 1959) 

FERRITES of rare-earth elements, with a general 
formula M20 3 • Fe20 3 (where M is the rare -earth 
ion) have a perovskite structure. Although ferro­
magnetic, they exhibit weak ferromagnetic proper­
ties in a fixed temperature interval. 1- 3 Many of 
them are characterized by so-called thermorema­
nence phenomena, whereby the magnetization tem­
perature -dependence curves plotted during the ini­
tial heating differ from those obtained in the subse­
quent cooling. The curve obtained upon cooling in 
the field is always the upper one (thermoremanence 
effect ) . Figure 1 shows by way of an example the 
curves obtained in our measurements (in a 5500-oe 
field) for the ferrite Pr20 3 • Fe203 ( 1 - heating, 
2 - cooling ) . 

FIG. 1. Tempera­
ture dependence of 
specific magnetization 
of Pr20 3 ·Fe20, ferrite 
in a field of 5500 oe; 
1- heating, 2 -cool­
ing. 
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In the present investigation we were interested 
in the unusual hysteresis in specimens of Pr20a · 
Fe20 3 and La2o3 • Fe2o3 both stoichiometric and 
with excess iron oxide. The specimens were pre­
pared by the usual ceramic technology. The pre­
liminary annealing was at a temperature of 900° C 
for 6 hours, after which the specimens were sin­
tered four hours at 1300° C in air and slowly cooled 
in the furnace. The hysteresis curves were plotted 
by the ponderomotive method in fields up to 7500 oe 
for ferrite samples in the initial state and after 
cooling in the magnetic field from the Curie point. 
In all cases of cooling in the magnetic field from 
the Curie point, the hysteresis in the investigated 
specimens was highly asymmetric about the coor­
dinate axes, the hysteresis curve being shifted up­
ward along the magnetization axis (Fig. 2). It can 
be seen that this shift increases the closer the 
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FIG. 2. Magnetic 
hysteresis loops at 
22°C: a- stoichiometric 
Pr2 0 3 •Fe20 3 ferrite, 
b- for specimen with ex­
cess i.ron, Pr20,·1.67Fe20 3, 

c- for L~O,·Fe20, speci· 
men (1- initial state, 
2 -after cooling in mag­
netic field from the Curie 

-3 
B H·ID. oe point). 
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composition of the specimen to stoichiometric and 
decreases with increasing excess of Fe20 3• Analo- L' 
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(October, 1959) 

gous phenomena were recently observed by .['OR electron and y quantum energies higher than 
Watanabe4 for Nd20 3·Fe20 3 and L~03 • Fe20 3• 150 Mev in bremsstrahlung and pair creation proc-

It should be noted that the hysteresis loops esses it is evidently necessary to consider not only 
shown in Fig. 2 are partial cycles, since the mag- the diagrams of the Bethe-Heitler type 1 and 2 (see 
netization did not reach saturation in 7500-oe fields the figure), but also the contributions from the 
for any of the investigated ferrites. Nevertheless, generalized diagrams 3 and 4. These latter dia­
the coercive force of the partial cycle is very large, grams were not calculated in reference 1. How-
on the order of 1000 oe. There are grounds for as- ever, their inclusion would make it possible to 
suming that the total coercive force of the investi- test quantum electrodynamics, in the spirit of the 
gated ferrite samples is tremendous. This is ap- idea of Drell,2 energies ::: 500 to 600 Mev, as long 
parently a common property of many rare-earth as the higher order corrections in e do not be-
ferrites with perovskite structure, which are char- come significant. 
acterized, as indicated by Bozorth, 5 by a large mag- To compute the diagrams 3 and 4 we used the 
netic anisotropy. method of dispersion relations developed by 

This explains the asymmetry of the hysteresis Bogolyubov. 3 Starting from the existence proof 
loop about the ordinate axis after cooling in the of Vladimirov and Logunov4 for the dispersion re-
field. Upon cooling from the Curie point in a field, lations in the case of the virtual Compton effect, 
a residual magnetization corresponding to the total we obtained these relations in the center of mass 
coercive force is produced (thermoremanence mag- system.5 The first approximation of these disper­
netization). This magnetization cannot be completely sion relations allows us in a rigorous fashion to 
destroyed by a 7500-oe field. The "undestroyed" por- introduce form factors of the Hofstadter type at 
tion of the residual magnetization indeed shifts the the nucleon vertex connected to the virtual y quan-
partial hysteresis cycles of Fig. 2 along the mag- tum. The method of dispersion relations also 
netization axis. The presence of excess Fe20 3 in makes it possible, in principle, to include the con-
the ferrite apparently reduces the anisotropy of the tributions from an arbitrary number of 1r -meson 
perovskite-ferrite, and this leads in turn to a re- states. 
duction in the effect of shifting the hysteresis loop We calculated, for the bremsstrahlung process, 
along the magnetization axis. the diagrams of the type 1 (references 6 and 7 ) , 

1 H. Forestier and G. Guiot-Guillain, Compt. 
rend. 230, 1844 (1950). 

the one-nucleon approximation (diagram of the 
type 5 ), and the interference term. We also made 
an approximate estimate of the one-pion contribu-


