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EFFECT OF ROTATION ON THE DIELECTRIC CONSTANT OF ROTATING HELIUM

John Andelin
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The dielectric constant of He II has been experimentally found to be independent of ro-
tation to 1 part in 10, the sensitivity of the measurement, for angular rotation rates up

to 12 rad/sec between 1.4 and 2.15'K.

The surprising results reported by Andro-
nikashvili and Tsakadze' on the density of ro-
tating He II heightened our interest in a mea-
surement of the effect of rotation on the dielec-
tric constant of HeII. Andronikashvili and Tsa-
kadze reported that the density increased with
the rotation rate much more than could be ac-
counted for on the basis of the known compres-
sibility of He II. Since the relation between
the density and dielectric constant of liquid
helium is accurately described by the Clausi-
us-Mosotti equation, the large density increase
seen by Andronikashvili and Tsakadze should
be accompanied by a correspondingly large
increase in the dielectric constant. We have
measured the difference in dielectric constant
between rotating and nonrotating He II to 1 part
in 10, and do not find any increase. This im-
plies that the density does not change more
than 2 parts in. 10'. Andronikashvili and Tsa-
kadze, on the other hand, report density increas-
es up to 90 parts in 106 over the same exper-
imental region.

The measurement was made by monitoring
the frequency of a 1.4-MHz tunnel-diode oscil-
lator having a helium-filled capacitor in the
tank circuit. The capacitor, the rest of the
oscillator circuit, and two temperature-sens-
ing resistors were enclosed in a copper and

brass can. which was immersed in a tempera-
ture-controlled helium bath. Communication
to the inside of the can was by means of a thin-
walled stainless-steel tube suspended from
the Dewar cap. Thus, good thermal contact
could be maintained between the inside of the
can and the helium bath, and, at the same time,
the helium level inside the can was independent
of the bath level. Under these circumstances,
the frequency of the oscillator was stable to
better than 0.1 Hz out of 1.4 MHz. The entire
cryostat, including the helium and the nitrogen
Dewar, was rotated as a unit in order to min-
imize changes in the environment of the mea-
suring apparatus.

Two different capacitors were used —one co-
axial (2.5 cm diam, 2.7 cm long, and 0.025-
cm spacing), the other parallel plate (l.l-cm'
area, 10 '-cm spacing). The capacitors were
mounted with their axes of rotational symme-
try along the rotation axis of the cryostat.

Several checks were made to see if the fre-
quency of the oscillator would indeed change
if the dielectric constant of the liquid helium
changed. In all cases, the system correctly
measured the change in dielectric constant.
For example, when we condensed helium in-
side the can at the start of the run, . we could
see frequency shift as the space between the
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capacitor plates filled with liquid helium. Once
the plates were filled, we could then measure
the temperature dependence of the dielectric
constant of liquid helium. Figure 1 shows the
agreement between our values and those of
Chase, Maxwell, and Millett. '

Rotational measurements were made in two
ways: (1) At a given temperature, the cryostat
was alternately rotated and held fixed. Start-

FIG. 1. The dielectric constant of liquid helium ver-
sus temperature. The solid curve represents the data
of Chase, Maxwell, and Millett. The circles are our
data, adjusted downward by 0.03% to fit at 1.4'K. These
data are shown only as an example of the response of
our system to change in the dielectric constant.

ing and stopping rates were widely varied.
Rotation was continued as long as 30 min. (2) The
cryostat was set into rotation with the temper-
ature above the ~ point. It was then cooled down,
while rotating, to some temperature below the
A. point. Rotation was then stopped and the fre-
quency observed for the next hour.

No measurement indicated any change of the
dielectric constant with rotation for rotation
rates up to 12 rad/sec over the temperature
range from 1.4 to 2.15'K. The sensitivity of
this dielectric-constant measurement is 1 part
in 10' for the coaxial capacitor and 1 part in
10' for the parallel-plate capacitor. The cor-
responding sensitivity for density changes is
2 parts in 10' for the coaxial capacitor and 20
parts in 10' for the parallel-plate capacitor.
Within these limits we saw no evidence for any
change in density. In the same region of tem-
peratures and rotation rates, Andronikashvili
and Tsakadze report density changes as large
as 90 parts in 10.
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In an elastically isotropic crystal under zero
stress, a dislocation segment which runs be-
tween two pinning points will have minimum
energy when it is straight. This is not neces-
sarily so in an anisotropic crystal if itwould
place the dislocation in a high-energy orienta-
tion. ' In this case the straight dislocation is
unstable and the minimum energy configuration
will be a zig-zag with alternate segments par-

allel to two specific directions. These direc-
tions can be predicted from the elastic constants
of the crystal. Such zig-zag dislocations have
been observed in P brass and their properties
agree well with predictions. '

For pinning points A, B (Fig. 1), all possible
zig-zags lie within the parallelogram formed
by the two extreme V-shaped configurations
ACB, ADB and all have the same total energy
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