now under way.
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[1] R. V. Ambartsumyan, N. G. Basov, P. G. Kryukov, and V. S. Letokhov, ZhETF Pis. Red.
3, 261 (1966) [JETP Lett. 3, 167 (1966)]; Zh. Eksp. Teor. Fiz. 51, 724k (1966) [Sov.
Phys.-JETP 24, 481 (1967)].

[2] R. V. Ambartsumyan, P. G. Kryukov, and V. S. Iletokhov, Zh. Eksp. Teor. Fiz. 51, 1669
(1966) [Sov. Phys.-JETP 24, 1129 (1967)].

{31 R. V. Ambartsumyan, P. G. Kryukov, V. S. Letokhov, and Yu. A. Matveets, ZhETF Pis.
Red. 5, 378 (1967) [JETP Lett. 5, 321 (1967)]; Zh. Eksp. Teor. Fiz. 53, 1955 (1967)
[Sov. Phys.-JETP 26 (1968), in press].

{43 R. A. Pasnanen and D. L. Bobroff, Appl. Phys. Lett. 2, 99 (1963).

(5] W. L. Faust and R. A. McFarlane, J. Appl. Phys. 35, 2010 (196%4).

[ée] V. S. Letokhov, ZhETF Pis. Red. 5, 262 (1967) [JETP Lett. 5, 212 (1967)]; Zh. Eksp.
Teor Fiz. 53, 1450 (1967) [Sov. Phys.-JETP 26 (1968), in press].

SHIFT OF A POINT OF LIQUID HELIUM IN A ROTATING ANNULAR GAP

B. G. Dzhinchvelashvili and Dzh. S. Tsakadze
Physics Institute, Georglan Academy of Sciences
Submitted 27 November 1967

ZhETF Pis'ma 7, No. 3, 91-92 (5 February 1968)

It was shown in [1] that the A point of liquid helium in a rotating singly-connected
loop experiences no shift, accurate to 5 x 10'1‘ degrees, at a rotation speed wo = 0.56 sec-l.
In the present investigation the measurement accuracy was increased by more than one order of
magnitude, on the one side, and higher rotation speeds were used, on the other. As before
(see [1]), we used a resistance thermometer made of lead-brass wire bifilarly wound on a
paper ribbon. ’

The experiment was performed in the following fashion: He ITI near the A point was
set in rotation, after which the vacuum pump was disconnected and the rotating He II was con-
verted into He I, and at the same time a thermogram of the heating of the liquid was plotted;
the A-point position was clearly seen on the plot in the form of a characteristic break.
Comparison of the position of the break on the thermogram of the rotating liquid with the
position of the break on the thermogram of the stationary He makes it possible to determine
the shift of the A point. The thermometer was placed in a Plexiglas cylinder of 38 mm dia-

meter. At a rotation speed w, = 9.3 sec-l, the A point of the ligquid helium showed no shift

with accuracy to 3 x 1072 deg?
It was possible, however, to observe a shift of the phase-transition point in a
doubly-connected volume. To perform this experiment, the wire-wound thermometer was placed
in a gap between two coaxial cylinders rotating at the same angular velocity. The inside
diameter of the outer cylinder was 44 mm, and the outside diameter of the inner cylinder was
4O mm. The shift of the A point of the liquid helium placed in such an annular gap is
AT, = (1.2 + 0.4) x 10'1‘ deg at & speed w, = 6.5 sec L, AT, increases with increasing rota-
tion speed.
We have thus shown that rotation shifts the A point towards lower temperatures only

in an annular gap.



The fact that we were unable to observe the shift of the N\ point in a singly-connected
loop is the consequence of the effect of quantum closeness. When the linear velocity near
the rotation axis is not large enough to disrupt the superfluidity, the y function of the
Bose condensate penetrates also into those regions in which the linear velocity is in general
sufficient to transform the He II into the normal state. The internal cylinder makes it im-
possible for the | function of the s-component to exert any influence on the state of the
liquid He in the gap, and consequently makes it possible for the A point to shift.

Thus, we attained in this experiment a critical velocity a)c2 &t which the superfluidi-
ty vanishes at a lower temperature than for stationary helium. The presence of a second
ceritical velocity mce, which greatly exceeds the first critical velocity a)cl at which the
first vortex is produced in the superfluid component, allows us to establish a new far
reaching anslogy between the behavior of rotating superfluid liquids and the behavior of
superconductors of the second kind.

As is well known, for such superconductors there exist two critical magnetic fields
Hcl and Hca, corresponding to the occurrence of the first Abrikosov vortex [2] and to the
destruction of superconductivity.

The authors are deeply grateful to Professor E. L. Andronikashvili who proposed this
experiment, the idea of which arose in a discussion with Dr. Di Castro (Physics Institute of
the Rome University, Italy). The authors also thank Yu. G. Mamaladze for a discussion of the
results,
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Observation of plasme resonance on nonequilibrium carriers produced in a semiconductor
at exciting-light intensities on the order of 1025 qua.nta./ cmzsec under conditions when there
1s still no damage to the surface of the sample would make it possible to estimate the densi-
ty An of nonequilibrium carriers and the relaxation (scattering) time T of the carriers from
the position and depth of the minimum of the reflection coefficient R; such a minimum is char-
acteristic of plasma resonance. As shown by us in [1], the density of such carriers reaches
only about (3 - 7) x lOl9 cm-3 in Si and GaAs, and accordingly the plasma resonance and the
increase of R should be observed in the wavelength region A = 5 - 10 pu.

We have investigated the change of the reflection coefficient AR at a wavelength
A = 10,6 u as a function of the intensity of the exciting light for Ge, Si, and GeAs. The
experimental setup is shown in Fig. 1. The use of a Q-switched ruby laser (tpulse ~k4x 10
sec) to produce non-equilibrium carriers called for the use of a low-inertia infrared receiver

(photoresistor of Ge doped with gold) and of a powerful source of probing radiation (COp
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