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It is shown that effects connected with the existence of Onsager-Feynman vortices continue
to exist in rotating liquid helium above the A point, provided that this state is attained by

superheating the rotating He II.

IN 1958 we reported[!] that rotating helium has
vortex properties in the temperature region di-
rectly above the A point. However, the tempera-
ture measurement procedure used in the first ex-
periments was not accurate enough to fully corrob-
orate this point of view. We recently repeated the
experiment under much better conditions, and all
the previously observed facts received new and
reliable confirmation.

We measured the damping of a rough disc that
executed axial-torsional oscillations in its own
plane and participated in the uniform rotation of
a cylindrical dish filled with liquid helium, over
and above the damping which would be produced
in stationary helium. The difference 6 —o6gt be-
tween the logarithmic damping decrements in ro-
tating and stationary helium was measured as a
function of the angular velocity w, of the dish at
a constant disc oscillation frequency.

FIG. 1. Kinematic diagram of the setup:
1—electric motor, 2—reduction gear, 3—
sheaves, 4—intermediate shaft, 5—oil damper,
6—flywheel, 7—driving drum, 8—driven drum,
9—weight, 10—pulley block, 11—electromag-
nets, 12—internal rotating part of the setup.

DESCRIPTION OF SETUP

The measurements were made with the aid of
a setup analogous to that used in the earlier work
[2]. The setup rotated the dish with helium uni-
formly together with the immersed disc, which at
the same time executed axial-torsional vibrations.
The logarithmic damping decrement of these vi-
brations was measured by a method described in
[3]. We describe here only that part of the setup
which ensured the necessary uniformity of rota-
tion and the necessary accuracy of temperature
measurement.

A kinematic diagram of the setup is shown in
Fig. 1. The motion of the internal part was ro-
tated by strong electromagnets driven at a strictly
uniform speed by a special unit. The electric
motor was coupled through a reduction gear to a
system of sheaves, which in turn was coupled to
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another system of sheaves secured to an inter-
mediate shaft carrying a heavy flywheel and an
oil damper. By combining sheaves of different
diameters, it was possible to vary the period
of rotation of the system between 30 and 500
seconds. On the intermediate shaft was placed a
drive drum, on which a steel wire was wound
(turn by turn) from a driven drum. Even all
these measures were insufficient, and really
uniform motion was obtained only after a constant
mechanical load was added to the system, in the
form of a weight hanging from the lower part of
a pulley block. The block wire was also wound
turn by turn, on the driven drum.

The helium temperature was measured with a
carbon resistance thermometer placed on the bot-
tom of the rotating dish (see Fig. 2), in which a
rough brass disc executed the axial-torsional os-
cillations. The current and potential terminals of
the resistance thermometer were connected through
slip-ring mercury contacts to a dc potentiometer.
The temperature was calibrated against the pres-
sure of saturated helium vapor, measured with a
mercury manometer and a cathetometer accurate
to 0.05 mm Hg.

The experimental results at temperatures below
the A point were obtained with the helium cooled by
pumping the vapor down to the investigated temper-
ature, at which the helium was set to rotate
(curve a of Fig. 3 was obtained in this manner).
Two methods were used to investigate the proper-
ties of the liquid above the A point. In one the
helium temperature was lowered to 2.14°K, after
which the liquid was set to rotate and the pumping-
on interrupted simultaneously. The measurements
began immediately after passage through the A
point (curve b of Fig. 3 was obtained in this man-
ner). In the second method the temperature of the

]

FIG. 2. Diagram of instru-
ment: 1—carbon resistance
thermometer, 2—rotating dish,
3—oscillating disk, 4—straight-
ened glass rod, 5—phosphor
bronze suspension filament, 6—
mercury slip ring contacts, 7—
dc potentiometer.
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FIG. 3. Dependence of § — §_, on the speed of rotation.
Curve a-He II, T = 1.78°K, curve b—He I, T = 2.21° K (curve
b has been obtained under conditions when the rotating He II
was converted into a state above the A point by ‘‘squeez-
ing’?), curve c—plot illustrating the fact that § — &5 does not
depend on the speed of rotation under conditions when He I
is untwisted; T = 2.21° K. The oscillation frequency in all
cases when () = 0.581 sec™.

Hel was lowered to practically the A point, and
then the liquid was set to rotate, the pumping-on
was stopped, and the measurements of the disc
damping initiated under uniformly rising temper-
ature conditions (the experimental points of
curve ¢ of Fig. 3 were obtained in this manner).

RESULTS AND DISCUSSION

In Hel set to rotate at temperatures above the
A point in the rotational-velocity interval 2w, /Q
= 0—0.4 (2 —oscillation frequency ), the damping
was practically independent of the rotation speed
(see Fig. 3, curve c), as expected on the basis of
earlier investigations with a classical liquid (451D,
However, if the pumping-on over the rotating He II
is turned off and the liquid is heated to tempera-
tures above the A point, thus producing an excess
pressure above the liquid, then 6 — g not only
differs from zero, but the plot curve 6 — 654 = f(wy)
(see Fig. 3, curve b) exhibits a characteristic
maximum at just the angular velocities where the
maximum is observed at all temperatures below
the A point (Fig. 3, curve a). As is well known,
this maximum is directly connected with the elas-
tic properties of the Onsager-Feynman vortices
produced in the rotating He II.

The described phenomenon was observed to
T = 2.23°K. As in the preceding case, the rotation
was produced here, too, at a uniformly rising tem-

DAccording-to [**], in the interval of rotation frequencies
2w,/ = 0 — 0.4 the logarithmic damping decrement in a classi-
cal liquid should decrease by only 2%.
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perature, the increase of which is shown in Fig. 4.
The 2.23°K temperature corresponds to the center
of the time interval during which damping was
measured.

We also investigated the temperature depend -
ence of the quantity 6 —0g¢ at the maximum of the
curve 6 —0gt = f(wy). This dependence can be es-
tablished theoretically for Hell from the expres-
sion obtained by Mamaladze and by Matinyan tel
for the logarithmic damping decrement. If we use
only the principal terms of the formula, we get

6 — dg= nj}%ﬁ’? PSVVS (VQ — 209 — 'Z—%E B —VQ—————z_OTZmO ) ,
(1)

where R —radius of the disc (1.5 cm), I —mo-
ment of intertia of the suspension system (5.2
g-cm?), vg —parameter of Hall and Vinen (8.5

x 10~* em?/sec), B — coefficient of mutual fric-
tion, and p, pp, and pg —the densities of the
liquid and of the normal and superfluid components,
respectively. This expression was obtained from
(4.6) and (4.21) of [#] neglecting slip and second-
order effects of second order in the mutual-friction
coefficient. The difference between 6gt and the
damping due to the viscosity of the rotating normal
component, which is insignificant when 2w,/Q ~ 0.4
[6], was likewise neglected. In the calculations we
used the known temperature dependences of B and
of pn/pLh:8.

Figure 5 shows the results of these investiga-
tions. The continuous curve a is experimental and
curve b is theoretical, calculated in accordance
with (1). The points are the experimental results
normalized to the theoretical value at T = 1.38°K.
The normalization factor, equal to 0.72, compen-
sates for the neglect of the slipping of the vortex
cores relative to the surface of the disc, and also
the neglect of the edge correction.
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FIG. 4. Dependence of the temperature of the liquid helium
on the time in a dish with pumping shut off, measured with a
carbon resistance thermometer.

FIG. 5. Dependence of § — 85y on the temperature of the
liquid helium. Curve a is drawn through the experimental
points (disc oscillation frequency € = 0.360 sec™), curve b
is theoretical and plotted, in accordance with formula (1).
Cross—damping in He I rotated at temperatures above the A

point.
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Away from the A point, as can be readily veri-
fied from examination of Fig. 5, the experimental
points agree well with the theoretical curve. Start-
ing with T = 1.9°K and above, the measurements
diverge from the theoretical values. This clearly
indicates the presence of stronger vortex effects,
characterizing Hell near the A point, than would
be expected from the theory. These vortex effects
remain even at temperatures exceeding 2.17°K, up
to T = 2.23°K, if the liquid helium was untwisted
in the Hell state.

One could advance the hypothesis that this phe-
nomenonis connected either with a shift of the A point
in the rotating Hell or with relaxation effects, as
a result of which the vortices remain for some
time even in the Hel. The experiments described
in [%]) which indicate clearly that when rotating
Hel is cooled below the A point a noticeable delay
is observed in the formation of the Feynman vor-
tices, favor the second assumption.

The authors are grateful to Yu. G. Mamaladze
for a discussion of the results and to G. V. Gudzha-
bidze for help with the measurements.
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