vhere a is the lattice parameter [3]. However, the formulas obtained thereby differ strong-
ly from (10) - (12) only for instants of time differing from r/s and |yl/s by 4t ~ a/V. With-
out dwelling on this gquestion in detail, we indicate only the order of magnitude of the
stresses and velocities in the indicated time interval, for a sound pulse consisting, say,

of cylindrical waves:

aV aV3

v V) — Sina; a;’~ps 2 2
rs

. " 2 aV?
Sing COSa, az~ps -:-;;sm .

Consequently, the intensity of the pulse depends quite strongly on the velocity with which
the dislocation emerges to the crystal surface.

In conclusion we note that the most convenient to observe is apparently the transition
radiation of a dislocation emerging to the surface of an elastic twin, which consists, as is
well known, of a large number of dislocations. Experiment shows that the velocity of the
twinning dislocations can become appreciable in this case [4].

{1] V. L. Ginzburg and I. M. Frank, Zh. Eksp. Teor. Fiz. 16, 15 (1946).

[2] L. D. Iandau and E. M. Lifshitz, Teoriya uprugosti (Elasticity Theory), Moscow, 1965,
p. 171,

[3] A. M. Kosevich and V. D. Natsik, Fiz. Tverd. Tela 8, 1250 (1966) [Sov. Phys.-Solid State
8, 993 (1966)].

[4] TR. I. Gerber and E. I. Stepina, ibid. 7, 161 (1965) [7, 122 (1965)].

SUPERCONDUCTING ALLOYS IN A RAPIDIY ALTERNATING MAGNETIC FIELD OF LARGE AMPLITUDE
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As already noted earlier [1], the condition for the smallness of the Joule heating of
a superconductor placed in an alternating field whose amplitude is comparable with the eriti-
cal field can be satisfied at a temperature that is sufficlently close to the transition tem-
perature Tc' This raises the possibility of considering nonlinear problems. The first is
that of determining the frequencies characterizing the behavior of the parameter A. Tt is
clear beforehand that A(t) will follow the field adiabatically at external-field frequencies
below a certain characteristic frequency 0o Therefore to determine A(t) when o << 2 it is
possible, in first approximation, to use the equations of the Ginzburg-Iandau theory, in which

the field depends on t as a parameter. To the contrary, when w >> 0, we can expect A to

respond, in the main, to the time-averaged value of the square of the gield, whereas the high-
frequency oscillations of A will have a small amplitude. In this case the time-averaged value
of A will be determined by the Ginzburg-landau equations, which contain the mean square of the
field. Another important problem is that of the behavior of the field‘i(;, t) itself, Here,
too, there should exist a characteristic frequency Ql that separates the region of low fre-
guencies, at which the penetration of the field into the superconductor is determined by the
Meissner effect, from the high-frequency region, where the main role is played by the skin

effect. In the model of a superconductor with a large content of paramagnetic impurities,
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the frequencies QO and Ql

As we shall presently see, in the case of alloys with nonmaegnetic impurities the situa-

are of the same order of megnitude [1].

tion is quite different. Unfortunately, it is impossible to write down in this case suffi-
ciently simple equations describing the behavior of A in the entire freguency range of in-
terest. However, to obtain the frequency QO it is sufficient to calculate, using the general
equations [1], the correction to A of second order in the field. We discuss first the case

of a superconductor whose dimensions are so small that A is constant throughout the sample.

In this case the correction A(l) to A is determined from an equation of the form (apart from
terms of no significance in this case)
. 2
oo T [Ro)" m e % lya)
8 T 42 T 4 T w, + i/r @y
(1)
(2e )2 7D A o, ,
o] ——1 - (A2 .
Le/ 8 TR 2{w, + i/r)) L"D

Here AO is the unperturbed value of A and D is the diffusion coefficient of the normal elec-
trons. The time 1t characterizes the homogenecus relaxation of the electron energy, con-
nected with electron-electron and electron-phonon interactions. At temperatures close to Tc
this time is guite large. If the field is sufficiently monochromatic, then we can speak of

a mean value A('-)L (a)O = 0) and of a component with frequency w, = 2w, where o is the field
frequency. When wr >> 1 the last term in the left side of (1) then eguals :rAO/lkT for the
harmonic cno = 20 and vanishes in the case of the mean value. Therefore the oscillating part
of the correction to A is smaller than the correction to the mean value by a factor

(AO/'I') << 1.

We see therefore that for samples having small dimensions the high-frequency situation,
in the sense indicated above, is realized at all frequencies wrtr >> 1. The situation chan%:es
differs in this case from (1), roughly speaking, by the fact that it is necessary to make the
substitution

in the case of a superconducting half-space. As shown by calculation, the equation for A

(dﬁ - @o .
wo* i/r wy+ iDk? (2)

where the wave vector Xk characterizes the spatial variation of A.

(1)

As is well known, in the static case A contains two damped exponentials with expo-

nents of order of magnitude

Y. Dk’Il A el
vhere ® is the London depth of penetration and « is the parameter of the Ginzburg-Iandau
theory. In the case of an alternating field we should consider separately, as above, the

correction to the average value (a)o = 0) and the high-frequency component (wo = 2w). From
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(1) with allowance for (2) it follows that the deviation from adiabaticity becomes apprecia-
ble at least for one of the exponents in (3) at frequencies

A3 1 aS
for R < 1 Q. ~—
T2 v O gt 2

Q. ~ for k >> 1.

The field penetration is determined by Maxwell's equation curl f= (hn/c)E, where

- -G S ®

The transition from the Meissner effect to the skin effect is thus realized at frequencies
Ql ~ A2/T. We see that QO << Ql, especially in the case of London superconductors or super-
conductors of small dimensions.

It was already noted above that when w >> QO the oscillating part of A is small and can
be neglected in first approximastion. Therefore we can write for the average value of A and
for the field a system of nonlinear equations similar to the Ginzburg-Iandau equations. In

dimensionless form these equations are of the form (for the plane problem)

2 —
L 3B, RFajA a2 A =0,

Kz alz (5)
2A A
.9 +E-—+A2A=0,
az? dat

where the frequency scale is nAg/ET. Tt is very important that, within the limits of appli-
o Ko< Ql in which the field penetra-
tion is still determined by the Meissner effect. It 1s possible here to raise the question

cability of (5), we can separate a frequency region Q

of destruction of the superconductivity by a high-frequency field for superconductors of the
first kind, in analogy with the procedure used by Ginzburg in calculating the superheating
field [2]. Without dwelling on the derivation, we present the equation connecting the value
of A on the boundary of the superconductor with the amplitude hl of the magnetic field in the
case when g << 1:

hg =—2._(1—-A2)\/(‘)2+ A‘. \/A2 +\/0)2+A4. (6)
xA

At not too high frequencies the A(hl) plot exhibits hysteresis, Jjust as in the static case
[2]. However, unlike the static case, the A(hl) curve has another branch corresponding to a
small but nonzero value of A on the boundary. In the field-amplitude interval where A(hl)

is not single-valued, a jump from one regime to the other is possible. A similar situation
obtains also in the case of films, although the expression for A(hl) is then more complicated.
It turns out that the conditions for the realization of the hysteresis picture are more favor-
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able here from the point of view of experimental observation than for bulky samples.

In conclusion we note that the relations between QO and Q. in pure superconductors are

1
different than in alloys. This question was already considered in part by Kemoklidze and
Pitaevskii [3].

(1] L. P. Gor'kov and G. M. Eliashberg, Zh. Eksp. Teor. Fiz. 5.4, 612 (1968) [Sov. Phys.-
JETP 27, 328 (1968) 1.

(2] M. P. Kemoklidze and L. P. Pitaevskii, ibid. 52, 1556 (1967) [25, 1036 (1967)1.

(31 V. L. Ginzburg, ibid. 34, 113 (1958) [7, 78 (1958)1.
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G. I. Zatsepin

P. N. Lebedev Physics Institute, USSR Acadeny of Sciences
Submitted 20 July 1968

ZhETF Pis. Red. 8, No. 6, 333-334 (20 September 1968)

According to contemporary data {1, 2], the upper limit of the mass of the electronic
neutrino is mc2 < 200 eV. It is possible in principle to obtain the upper limit of the
neutrino mass by using remote pulsed neutrino sources and observing the lag of the lower-
energy neutrinos behind those of higher energies.

Tt is shown in [3 - 6] that it is possible to expect in supernova explosions the emis-
sion of ~1o57
energy, within a time on the order of several hundredths of a second. The characteristic dis-
tance in our galaxy is L = 10 kpsec, or T = I/e = 1012 sec. The particle covers the distance
L within a time t = L/B¢ = T/B. TFor ultrarelativistic particles B =~ 1 = 1/272, where
Yy = E/mce. The interval between the arrivals of two simultaneously emitted particles having

neutrinos and antineutrinos in a wide spectral region, with sbout 10 MeV average

different energies El and E2 is

T 1 1
At =t —t, a-—-—(——- -—-g-)

2
2 \r; b
. 2 2
or, if 75 >> 71
T
AP Y —
2’
271

hence
' 2At
mec2 E, V-—_’-_--,

Assuming that in observations of neutrinos emitted from a supernova it is difficult to obtain
a value of At much smaller than the duration of the neutrino flash (At7 ~ 3 x 10-2 sec) [6],
we get mc2 <2 evat El =~ 8 MeV. Thus, it is possible to improve the estimate of the upper
1limit of the neutrino mass by two orders of magnitude compared with the contemporary value.

To observe antineutrino fluxes from a supernova in our galaxy we can use a large amount
(;lOOO tons) of organic scintillator placed in a special underground chanmber (to screen it
against cosmic rays). When 1.057 antineutrinos are produced at a distance of 10 kpsec, a par-
ticle flux of density loll particles/cm2 will strike the earth. With the effective cross sec-
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