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SPECULAR REFLECTION OF PHONONS IN SUPERFLUID HELIUM AT 0.33'K*

J. Fajans and C. Z. Rosen
Stevens Institute of Technology, Hoboken, New Jersey

(Received 22 July 1964)

Specular reflection of phonons is observed in

superfluid helium at 0.33 K. The phonons are
generated at a small carbon transmitter and
travel along various directions in the experi-
mental chamber without colliding with other pho-
nons. ' Some phonons go directly to a concave
fused quartz mirror shown in Fig. 1, where they
are specularly reflected; and, when the mirror
is sharply focused' so that the carbon receiver
is conjugate to the carbon transmitter, an en-
hanced signal 14 times greater than the unfo-
cused phonon background signal is recorded.
Thus, phonons are directly "manipulated" sim-
ply by means of a spherical mirror to form the
heater image at the carbon detector.

The carbon transmitter and receiver are two
opposite 90' arcs of Dag 154 carbon. Each arc
has an inner radius of 0.050 inch and an outer
radius of 0.065 inch. They are about 0.002 inch
thick, 0.015 inch wide, and 1.4&10 ' square inch

in area. One expects that the phonon beam has
a cross section similar in shape and close in
size to the transmitter. Since the focused sig-
nal is as much as 14 times larger than the pho-
non background, it would appear that most of the
phonons proceed from the heater in the forward
direction, keeping the width of the phonon beam
close to or smaller than the dimensions of the
electrode. The narrowness of the focusing (about
12 minutes of arc) indicates that the beam is
probably smaller in cross section than the elec-
trode. Figure 2 is one of the seven observations
made of phonon signal strength vs mirror angle.

There have been experiments conducted by
Whitworth and Fairbank and Wilks' whose re-
sults have been explained in terms of specular
reflection of phonons. In these experiments,
however, the reflection was that of phonons from
the walls of the containing vessel. In Whitworth's
paper specular reflection was deduced from ob-
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FIG. 1. Geometry of fused quartz mirror and car-
bon electrodes. abc is a possible path traveled by
a longitudinal phonon from transmitter to mirror to
receiver. The fused quartz mirror has a 2-inch radi-
us of curvature. The inside diameter of the brass
cylinder is Iti inch. All dimensions given here are in
inches.
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FIG. 2. Signal strength vs angle. Recorder rate
=Q. 917 inch per minute.
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served values of the thermal conductivity of
liquid helium below 0.6'K In the present ex-
periment the specular reflection from the walls
serves only to contribute to the background sig-
nal.

A Model 50-A Min A tron impulse generator
is used to produce two signals, one at 155 cps
and the other at 310.4 cps. The lower frequency
is filtered of all harmonics and sent into the car-
bon transmitter where it generates 310-cps local
Joule heating of the liquid helium. The wave-
length of the second sound arising from the
Joule heat is 48 cm. Since this wavelength is
much greater than the dimensions of the exper-
imental chamber, it is clear that the observed
enhancement of the received 310-cps signal
could not be due to the specular reflection of
thermal waves. After the received 310-cps sig-
nal is amplified, it is mixed with the higher
310.4-cps signal and a rectified signal of 0.4 cps
is displayed on a strip chart recorder. The
0.33 K temperature was attained by means of a
He' refrigerating system. '

The ability to focus and diffract phonons would
make available a powerful new method for study-
ing phonon spectra of solids. ' The construction
of a very high-frequency (10"-10"cps) phonon
"monochromator, " i.e. , source of monoenergetic
phonons analogous to optical monochromators,
would become feasible. Phonon spectroscopy of
solids would make it possible to study phonon-

phonon, phonon-photon, phonon-electron, and
phonon-imperfection interactions which play im-
portant roles in electrical and heat conduction,
x-ray and neutron scattering, and other solid-
state phenomena.

*The study was supported by the U. S. Air Force
Office of Scientific Research Contract No.
AF49(638)-352, and by the National Aeronautics and
Space Administration Grant No. NsG-130-61.
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In a recent Letter to this journal Jordan and
Qhielmetti' have concluded from the analysis of
interference and beat experiments'&' with two in-
dependent laser beams that the expectation value
(b1(t)) of the field operator does not vanish for
laser light whereas it does for light from ther-
mal sources. In our present note we wish to
show how this result can be derived from first
principles. For this end we use a fully nonlinear
theory of laser noise in contrast to the hitherto
published theories which are basically linear.

For our treatment we assume a homogeneously
broadened Lorentzian line of width y and reso-
nance between atoms and the cavity mode under
consideration. We describe the mode by a run-

ning wave in order to avoid an otherwise spatial-
ly inhomogeneous inversion of the atomic system.
After splitting off the main time dependence
exp(tat), and after elimination of the atomic co-
ordinates, the steady-state equation for the crea-
tion operator b~ of the cavity mode reads"

[bt+ (~+y)b "t-Gbt+21gl2btbbi j

=i+ gb(t t)bo t-(t ),t~~ p~ p,

where G =2)gI'Go-a&. v denotes the cavity line-
width. Go is the time average over the total num-
ber of the excited atoms and photons present, g
is the coupling constant between the cavity mode
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