Analogous phenomena should be expected also when waves of arbitrary type propagate in
a medium in which the properties that govern the propagation of waves of this type exhibit
anisotropy.
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This paper is devoted to an experimental investigation of the structure of the front of
a strong magnetic-sound wave propagating in a rarefied plasma transverse to & magnetic field.
In laboratory experiments, an essential factor for such waves is the nonstationarity of the
wave motion.

A theoretical description of nonstationary magnetic-sound wave of finite amplitude is
the subject of [1_3]. In [1] Adlam and Allen solved numerically the problem of unsteady mo-
tion of a magnetic piston in a rarefied plasma for two concrete time variations of the mag-
netic field on the plasma boundary:

H(t)=1+at (1)

H(t) =1+B[1- exp(-at )] (2)

Here H = H/Hb is the magnetic field normalized relative to the constant field Hy; t = t/'rei

is the time normalized relative to Tei = © [mM]l/E/eHO, while @ and B = Hn(w) - 1 are constants.
For o = 1 and B = 1 the authors found the profile of the magnetic field in the plasma at

certain values of tn. They showed that in case (1) the magnetic-field front, which increases

linearly on the plasma boundary, is transformed inside the plasma into an exponentially growing
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front with characteristic scale c/a)pe. In case (2), the magnetic-field profile calculated for
tn =5, T, and 9 also has an exponentially growing leading section with the same scale but,
unlike in case (1), the oscillating structure of the front comes into play here.

The experiments were carried out under the conditions described in our earlier paper [h].
The wave was excited by a trapezoidal pulsed magnetic field H, produced on the boundary of a
cylindrical plasma column (diameter 6 cm and length 30 cm) in a constant magnetic field H,.
The pulse growth time was T = 5.5 x 10”2 sec. The plasma density n, ahead of the wave front
ranged from ~0.5 x 10*2 to ~6 x 102 em™3. 1In the section of small n,, in the region where
the time of propagation of the wave along the cylinder axis was At < Tys case (1) of the bound-
ary conditions was realized. In the section where
n, was large, the condition At > Ty Wes satisfied
and case (2) was realized. The magnetic Mach num-
ber p varied in the range ~1.3 - 4.2,

The following results were cbtained. Nonlin-
ear twisting of the wave front in the plasme, com-
pared with the front given by expression (1) or
(2) was observed for all the indicated values of
He 1) The profile of the magnetic field in the
plasma was in good agreement with the profile cal-
culated in (1] within the accuracy of the cylin-
drical effect. The width of the transition region
coincides, with ~50% accuracy (taking nonstation-
arity into account), with the width calculated

in [l], and its duration, as a function of u, is

described with the same accuracy by the formula (5]
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= l.ib;i(uz - l)_l/2. Tt is interesting that in the region 2 < y < 4.2 no anomalous increase

(6]

parently connected with the unsteady character of the wave in our experiment

s was observed. This is ap-

(3]

By way of illustration of the foregoing conclusions, Fig. 1 shows oscillograms of the

of the front width, corresponding to a "collapse" of the wave

magnetlc—probe signals obtained at an initial helium pressure P =3 x 10™° m Hg, Hb = 250
Oe, H = 800 0Oe, 1) n, =0, 2) n n, = 0.5 x 103, and 3) n, = 1018 em 3. The profiles of the mag-
netic field in the plasma, obtained by integrating the probe oscillograms, are represented by
curves 1, 2, and 3 of Fig. 2, respectively. We see that the front of the magnetic field, which
increases linearly on the plasma boundary, changes inside the plasma into an exponentially
growing front with & gradually increasing slope. Its duration is approximately two periods of
oscillation at the geometric mean frequency (2c[mM]1/2/eHb). Curve 3 exhibits the first maxi-
mum of the oscillating structure of the front (atn ~ %,5), The value of the maximum exceeds
the amplitude of the vacuum pulse given by expression (2). The reflected wave could become
manifest on this curve only if t > 12 x 1078 sec.

We note that in our experiments the absorption of the wave energy on the front increased
with increasing nye At the same time, electrons with energy larger than 50 eV appeared be-
hind the wave front. The latter can be verified on the streak photograph (Fig. 3) of the
plasma column diameter in the llght of the 4686 A line of HeIl (at Py =3x 1073 mm Hg, n,
= 1013 em™3, H, = 375 Oe, and H= 800 Oe), obtained with the aid of an electron-optical con-
verter.

Anmong the mechanisms responsible for the energy transfer from the wave to the plasma

[7-91

electrons we can point to the current instability mechanism and to a mechanism connected

[4,10] on the wave front.

with the ionization collisions of the electrons
The authors are grateful to E. K. Zavoiskii for interest in the work and to A. A. Vede-

nov and E. P. Velikhov for valuable discussions.
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1) The effect of twisting of the profile of the magnetic field in the plasma, as com-
pared with the perturbation front produced on the plasma boundary, was observed by us earlier
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in (4]

that paper, corresponds to case (1) of the boundary condition.

+ Oscillogram b of Fig. 2, from which we estimated the duration of the wave front in

CERTAIN SINGULARITIES OF ELECTROMAGNETIC RADIATION GENERATED BY A SUPERCONDUCTING TUNNEL
STRUCTURE
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Physico~-technical Institute of Low Temperatures, Ukrainian Academy of Sciences
Submitted 19 July 1965

Tt was shown in L172]

that the steps on the voltage-current characteristics of supercon-
ducting Sn-I-Sn tunnel structures are the consequence of excitation of resonant modes of elec-
tromagnetic waves in the tunnel structure by means of the alternating Josephson current. It
is natural to expect some part of the high-frequency energy to be drawn from the tunneling re-
gion to the space outside. A study of this radiation is of great interest as a direct method
of investigating the altermating Josephson current, since its frequency is uniquely connected
with the quantum transitions of the electrons during tunneling, and its power indicates the
degree of interaction between the current and the high-frequency field.

(31

ture , with & frequency corresponding to the ratio of the Josephson frequencies: fw = 2 eV.

We have registered earlier the electromagnetic radiation generated by a tumnel strue-

We present here preliminary results of an experimental investigation of the spectral composi-

tion of the Josephson high-frequency radiation. Appreciable inhomogeneities in the thickness
(3]
h

picture of the steps observed there. The tunnel structure which we have investigated here

of the dielectric of the tunnel structures investigated in ave resulted in a complicated

had a very uniform layer of oxide between metal films, so that a clear-cut picture of the
steps was observed. This apparently was the reason why the power radiated by the structures

(3]

was more than 10 times the power observed in s reaching several times 10712 W. This is

several hundred times more

1,mh the noise level of the re-
wr 72’45 - ceiver. The receiver band-
% width was 8 Me.
wr B No attempts were made in
the investigations to match
or the tunnel structure to the
waveguide, owing to the tech-
¥ nical difficulty of this task.
’ it In addition, the nonresonant

system used to couple the tun-
nel junction to the waveguide

had apparently the advantage



