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Brief Description

When superfluid ‘He is accelerated by an impressed pressure head,
AP, through a small aperture, the velocity field is believed to be
periodically modulated by abrupt velocity decrements, resulting from the
passage of single quantized vortices across the aperture. These so called 2x
phase slip events, occur at a frequency derived by the Josephson phase
evolution equation: fj = AP/px, where p is the fluid density and k=h/m,, is
the quantum cf circulation.

The goal of this project is to observe, for the first time, an acoustical
field generated near a submicron aperture, which serves as the nucleation
center for quantized phase slips. The investigators seek to demonstrate that
the frequency of the acoustic signal is given by the Josephson frequency
relation

By studying the spectral width of the Josephson sound it is expected that
one can determine the fluctuation processes underlying the phase slip
nucleation. These fluctuations are the limiting factor in the sensitivity of a
superfluid gyroscope. The spectral width of the Josephson sound will be
studied as a function of temperature.

An associated goal is to provide training in fundamental acoustics at the

graduate level.
Experimental Approach

An aperture is placed at one end of an acoustic resonator. Superfluid is
forced through the aperture under a pressure head AP, a parameter which
is monitored by a very sensitive pressure transducer. The phase slips
occurring in the aperture excite the resonant modes of the cavity. The
cavity is terminated with a sensitive cryogenic microphone.

The entire apparatus must be cooled to cryogenic temperatures and
temperature gradients between the cavity and the pressure drive system
must be minimized. The apparatus must be isolated from the outside filling
lines with superleak-tight cryogenic valves. :

In addition to the Josephson-sound apparatus itself, it is necessary to
maintain the in-house technology for attaining very low temperatures
(possibility down to mK levels) and for manufacturing submicron

apertures.




Techniques must be developed to push fluid at constant AP while the
sound amplitude in the cavity is monitored.

Accomplishments During the Past Year

1. We have made an improved cryogenic valve based on a Torlon valve
stem and a polished valve seat. Several such valves have been constructed
and found to be satisfactory for use in the present experiment and more
general cryogenic superfluid research.

2. The feedback method to drive flow at constant AP has been improved
and used to make some preliminary measurements of aperture mass current

vs. AP.

3. The measurements (#2 above) have reveled several significant features:
a. The flow is characterized by the intrinsic critical velocity for the
creation of phase slips. This is a necessary condition for the creation of the
Josephson sound.

b. We discovered a subcritical resistive flow regime. This resistance causes
a chemical potential drop across the aperture but would not be included in
the Josephson sound formula.

c.  We developed a theoretical model of the above effect and now
understand how to incorporate it into the experiment. We have tested the
model in a related apparatus and find good agreement between the theory
and the experiment.

4. The constant AP flow apparatus was used to make a preliminary study
of the intrinsic critical velocity very near the superfluid transition. This
data is very relevant to the success of a planned NASA mission to study
transport properties in superfluids in space. This new data is an
unexpected and valuable spin off of this Josephson sound experiment.

5. We have developed a simple vibration isolation system to decouple the
experiment from environmental disturbances. The isolation system includes
a single stage 1Hz roll-off mass/spring system and a magnetic eddy current
damper. We have also constructed a rudimentary acoustic isolation shield

for the entire dewar system .

6. We discovered that low frequency parasitic modes in the cell can lead to
temperature differences across the aperture. The resulting chemical
potential difference could not be controlled by the constant AP drive




system. A new design has been created that attempts to minimize this
effect.

7. We have developed and tested a freestanding, vacuum backed condenser
microphone with a position sensitivity of 10" m/Hz"?. The microphone
was placed at one end of a superfluid-filled resonant cavity. The other
termination included a calibrate, piezo-electric, volume displacement
source.  The source was driven with a sawtooth waveform that
corresponded in amplitude and frequency to the expected Josephson sound
signal. The observed S/N implies that the expected Josephson sound signal
will be detectable, in agreement with our earlier estimates.

8. A new student, replacing a graduating member of our team, has been
trained to manufacture microapertures. He has successfully recovered the
etching techniques and has been able to manufacture a variety of aperture
patterns. This student has also received training in the operation of one of
our dilution refrigerators so that we can use that technology to study the
Josphson sound at lower temperatures than in the present apparatus.

9. Based on our experience with the constant AP driver, an improved
“double diaphragm” apparatus is being developed. The new design is
simpler to construct and will have fewer parasitic modes. It should also be
less susceptible to outside vibration. '

10. To carry on the acoustics project when the primary student graduates,
we have started training a new student in cryogenic acoustic techniques.
The student has designed and built a superfluid “third sound” cell and
learned how to determine the various acoustic normal modes of the
system. He has also been developing techniques of cryogenic condenser
microphones. This student has also received training in the use of one of
our very low temperature cryostats. In the course of his training the
student has refurbished our most powerful cryostat so that it will be
available for future experiments on Joseph sound and related phenomena.
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