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An alternating electromagnetic field of large amplitude gives rise to a shift, not
connected with the change of the sample temperature, of the field of the
superconducting transition.

PACS numbers: 74.20.Gh, 74.50.Gz

Observation of the current states in tin has revealed that the hysteresis
phenomena that vanish when the sample goes over into the superconducting
state can be restored by increasing the amplitude of the radio-frequency field, {11
According to®], observation of the current state calls for the presence of a
nonsuperconducting layer of metals, the thickness of which greatly exceeds the
depth of the skin layer, An impression is gained that when an alternating field
is introduced, the superconducting is destroyed in the entire volume of the
metal in a weaker magnetic field than without radio-frequency irradiation. The
present paper is devoted to a check on this assumption,

The first experiment was performed on single~crystal disks of 0,6 and 0,4
mm diameter and 17, 8 mm thickness. Subsequently we used for measurements
a tin cylinder 3 cm long and of 0, 93 cm diameter, The resistance ratio pso/
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FIG, 1. Shift of superconducting transition in an alternating field, T=2.06°K,
w/27=4000 Hz, On curve 1-—-H=0, 2—34, 3--43, 4-50,5, 5—67, 6—~84,
7-—97 Oe, The arrows mark the directions of the plotting.

p4,2x for the cylinder amounted to 105, In the measurements on the disks, the
vector of the constant magnetic field was in the plane of the disk, and when
working with the cylinder and with the disk were analogous, All the results
presented below pertain to the tin cylinder.

The sample was placed in a cylindrical inductance coil that produced the
alternating field. The coil length exceeding somewhat the sample length. The
diameter was 1 millimeter larger than the diameter of the tin cylinder., The
sample was placed inside the inductance coil on two paper strips, so that a gap
existed between the cylinder and the coil. A second inductance coil was wound
around the first and served as the receiving coil. The coils were also separated
by a gap of approximately 1 mm. The presence of the gap was essential in order
to improve the heat dissipation, especially at temperatures above the A point.

The signals from the second coil passed through an RC filter with time con-
stant 0.1 sec and was applied to the ¥ coordinate of a high-sensitivity (5 mV/
c¢m) x—-y recording potentiometer. The superconducting transition was revealed
by the emf induced in the second coil when the magnetic field was pushed out
at the instant of the transition from the normal state to the superconducting
state, or when the field penetrated into the sample during the reverse transi-
tion. The constant magnetic field was rotated slowly and uniformly (3H/ 6t
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FIG. 2. Dependence of the shift on the ampli~
tude of the alternating field: 1—T=3,25 K,
2—T=2,97 K, 3—T=2.74 K, 4—T=2,02 K.
The different symbols on curve 4 mark results
obtained at the three frequencies w/2r=103
Hz, w/2r=1.5.10* Hz, w/2r=2.27-10° Hz,
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=const) in time. The received signal, proportional to 8&/8 (& is the magnetic-
induction flux through the sample) was proportional to 8&/8H,

We used in the experiments alternating fields with frequencies ranging from
108 to 10% Hz. In this frequency range, the skin effect was anomalous. Indeed,
at 103 Hz the skin layer depth in tin is 8, ™ 4x10-% cm, ¥ whereas the electron
mean free path in our samples at hehum temperatures was I~ 3x10=2 cm,

A typical experimental curve is shown in Fig, 1, It was recorded in a mag-
netic field that increased at a rate low enough to make the shape of the transi-
tion curve independent of this rate. It is seen from Fig. 1(b) that the alternating
field produced not only a shift but also a deformation of the transition curves,
For a quantitative description of the shifts, it is convenient to use those points
of the curves [marked by arrows in Fig. 1(b)], in which the entire volume of
the sample can already be regarded as being in the normal state,

The dependence of the shift AH on the alternating-field amplitude is shown in
Fig. 2. The shift of the superconducting transition begins not with zero, but
with a certain finite value H., When the direction of the constant magnetic field
deviates from the cylinder axis, the value of AH decreases sharply,

The form of the function AH(H.) remains unchanged in the range from 10° to
2x10% Hz (curve 4 of Fig. 2), Further increase of the frequency leads to the
appearance of a noticeable shift of the superconducting transition at smaller
H. than those corresponding to the point where the AH(H.,) curve has a kink.

The absence of a frequency dependence in a wide range of frequencies indicates
definitely that the shift of the superconducting transition is not due to a rise of
the sample temperature above that of the helium bath, It appears that the heat
rise becomes appreciable only at frequencies near 1 MHz and it is precisely
the heat rise which accounts for the change in the shape of the AH(H.) curve at
these frequencies, Indeed, the power released in the normal state per square
centimeter of sample surface at =2 -10° and H.=50 Oe amounts to W= 5 (H%/
47)=5+10% W, In our case the sample was in the normal state only during a
fraction of the period and the released power was somewhat lower, Therefore
the figure obtained above provides the upper bound of the heat rise for further
estimates. Owing to the Kapitza jump, the released power overheats the sample
by AT~ (40/THW= 0,25 K at T=2°K and shifts the transition by an amount

AH ~ 2H§T/ TE.AT% 20 Oe, the experimentally observed shift under these condi-
tions was approximately 10 Oe. Lowering the frequency decreases the thermal
shift of the superconducting transition, which is proportional to 2’3, and at
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frequencies 1 kHz the thermal shift is negligibly small in comparison with the
experimentally observed one,

At temperatures below the A point, the general form of the AH(H,) curves
remains the same (Fig. 2), and the field amplitude H. at which the shift of the
superconducting transition begins decreases monotonically with increasing
temperature. It should be noted, to be sure, that the results obtained in this
temperature region must be approached with caution, since an uncontrollable
overheating of the sample could take place,

The shift of the superconducting transition in an alternating field may be con-
nected with the appearance of direct current on the sample surface. The reason
for the appearance of the direct current is the nonequivalence of the two half-
cycles of the alternating field: in one of the half cycles the total field H
+H., coswt; may exceed the critical field H, of the superconductor, while in the
second half-cycle H+ H. coswt, <H, (under similar conditions, when direct and
alternating currents were passed simultaneously through the conductor, an emf
was produced at the terminals of a superconducting wire™5), The absence of a
shift of the transition at small values of H. might be due to magnetic “super-
heating.” However, display of the superconducting transition on an oscilloscope
screen, similar to that in®], has revealed that the transition is observed
already at amplitudes H. half as large as the fields corresponding to the kink of
the AH(H.) curve. In addition, the cause of the deformation of the transition
curves when the alternating field is introduced remains unclear,

The authors sincerely thank Yu, V, Sharvin, V., F, Gantmakher, and V.V,
Shmidt for useful discussions.

vy, T, Dolgopolov and S, S, Murzin, Pis’ma Zh, Eksp, Teor. Fiz, 23, 213
(1976) [JETP Lett. 23, 190 (1976)].

2F.1, Babkin and V, T. Dolgopolov, Solid State Commun, 18, 713 (1976),
3A. L. Shawlow and G. E. Devlin, Phys. Rev, 113, 120 (1959).

‘B.G. Lazarev, A,A. Galkin, and V,I. Khotkevich, Zh, Eksp. Teor, Fiz.
11, 573 (1941); Dokl. Akad. Nauk SSSR 55, 817 (1947),

B, Serin, J.R. Feldmeier, and M. Garfunkel, Phys. Rev, 76, 167 (1949),
A.A. Galkin and P.A, Bezugly?, Zh. Eksp. Teor. Fiz, 28, 463 (1955)
[Sov. Phys. JETP 1, 197 (1955)].

400 JETP Lett., Vol. 24, No. 7, 5 October 1976 V.T. Dolgopolov and S.S. Murzin 400





