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In addition to these cases, 1855 V -events were 
registered in the chamber. (This figure takes into 
account the scanning efficiency, which was the 
same for V -events and events with three and more 
electron-positron pairs.) 21% of these events 
should be attributed to nuclear interactions and to 
K~- 7T+7T-. Having 110 cases of the decay K~- 37T0 

with three and more electron-positron pairs, and 
knowing that the efficiency with which the chamber 
registers y quanta of energy ~ 100 MeV amounts 
to 0.4, we can find that the probability of the K~ 
- 37T0 decay relative to all the decays of the K~ 
meson amounts to 0.2 ± 0.06. The reduced error, 
in addition to statistical errors, indicates the un
certainty in thi'l efficiency of registration of the y 
quanta from the K~ - 37T0 decay. This result 
agrees with the data obtained in [1] and with theo
retical predictions ( 23.6%) obtained assuming that 
the .6. T = % rule holds [5]. 

The authors are grateful to E. 0. Okonov for a 
discussion of several problems during the planning 
of the experiment, to Academician V. I. Veksler, 
I. V. Chuvilo and the crew of the proton synchro
tron for making the irradiation possible, and also 
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THE purpose of the present work was to investi
gate the temperature dependence of the saturation 
magnetization of Gd at low temperatures (from 
4.2 to 30•K). The investigation was carried out 
using the method described in detail earlier, [1 J 
i.e., we measured the magnetization change .6.I 
when the temperature was altered from T to that 
of liquid helium. The sample was in the form of 
a polycrystalline gadolinium cylinder, 110 mm long 
and 8 mm in diameter, containing the following im
purities: 1.0% I, 0.01% Ca, 0.06% Fe, 0.02% Cu. 

It is knownC2•3] that the intrinsic temperature 
dependence of the saturation magnetization should 
be investigated in sufficiently strong magnetic 

to I. B. Bartazaryan, L. P. Kishinevskaya, N. V. 
Magradze, and the laboratory personnel for help 
in the reduction of the experimental material. 
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fields. The intensity of such fields can be found 
by analyzing the dependence of .6.I on H. Figure 1 
shows the experimental dependence of .6.I on H for 
Gd. If the measurements are made in fields H 
stronger than 15,000 Oe, the results obtained re
flect well the intrinsic temperature dependence 
of the saturation magnetization. 

Our measurements were carried out in a field 
H = 18,600 Oe. Figure 2 shows the experimental 
dependence of .6.1 on T. The value of .6.I was de
termined to within 5%. The error in the determi
nation of T between 4.2 and 10-12"K amounted to 
7 -5%; above 12°K, it was 2%. 

The experimental points do not fit the curve de
scribed by the law I= I0(1- CT312 ). We may at-
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tempt to interpret our results according to Niira [3 J, 
who showed that, in the case of a ferromagnet with 
the hexagonal close-packed structure, the follow
ing temperature dependence of the magnetization 
obtains: 

I= / 0 - AT'1• exp (- 11/T). (1) 

Figure 2 shows that the experimental points fit well 
the theoretical curve of type 1 with the parameters 
A= 0.25 G/deg 312, ~ = 30 deg K, selected to ob
tain the best fit with the experimental data. 

For comparison, Fig. 2 includes curve 2, which 
is described by Bloch's law. 

The results obtained indicate, according to 
Niira [3], the presence of a gap ~ = 30 deg K in 
the energy spectrum of spin waves in Gd. 
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AT present semiconductor lasers are excited 
either by injection of current carriers across a 
p-n junction [1] or by a beam of fast electrons [2]. 

The optical method of excitation for producing 
population inversion in semiconductors has been 
considered in a number of papers [3- 5]. An experi
mental investigation of the recombination radiation 
excited by a powerful ruby laser has been carried 
out previously [S]. 

We consider here the excitation of semiconduc
tors by monochromatic radiation at a frequency 
which slightly exceeds the frequency of the intrin
sic-absorption band edge. At high radiation inten
sities the sum of the quasi-Fermi levels of the 
electrons and holes Ji.e + Ji.p is approximately equal 
to the energy of the incident quanta nw 1 (the so
called saturation effect, cf. C7 J). In this situation 
there will be a certain band of frequencies ~w. 
satisfying the relation nw < Ji.e + Ji.p• for which 
there will be population inversion and at which 
laser action is possible. Since semiconductors 
have broad, continuous absorption bands the fre
quency of the exciting light may be made close to 
the lasing frequency nwo, resulting in high effi
ciency laser action. 

A large number of independent and hence inco
herent semiconductor p-n junction lasers can be 
used as the source of monochromatic excitation. 
In this case the whole system may be treated as a 
converter of incoherent monochromatic radiation 
into coherent radiation, with high transformation 
efficiency. 

In the case of direct transitions the gain coeffi
cient can be written in the form [1] 

k (w) = B(w) (1iw- /).)'1• [f. (e.)+ fp (ep)- 1], (1) 

where fe and fp are the distribution functions for 
electrons and holes whose energies Ee and Ep are 
determined by the laws of conservation of energy 
and quasi-momentum, and where ~ is the width 
of the forbidden band. If the dimensions of the 
system are considerably larger than the wavelength 
of the radiation, the condition for self-excitation 
of the laser has the form 

(2) 

where L is the separation between the mirrors of 
the cavity, R is the reflectivity, K is the absorp
tion coefficient due to free carriers, impurities, 
etc, and w 0 is the frequency at which k( w) is a 
maximum. Equation (2) and the condition 8k/8w 
= 0 for w = w 0 determine the value of the sum of 
the electron and hole quasi-Fermi levels which 
corresponds to the oscillation threshold. 

It has been shown C7J that when semiconductors 
are excited by intense monochromatic light the 
sum of the quasi-Fermi levels is given by the 
expression 


