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The Kapitza thermal boundary resistance at temperatures near 1 K is anomalously
small to solid 3He or solid 4He just as it is to liquid ~He or liquid 4He.

The measured Kapitza thermal boundary resis-
tance R~ between two solids is generally in good
agreement (=10%%uo) with the acoustic mismatch
model of thermal energy exchange at low temper-
ature. ' ' In this model the reflection and refrac-
tion of thermal phonons at the interface is calcu-
lated by use of classical acoustics. Even R~ to
liquid He may be explained in terms of acoustic
mismatch at temperatures below =0.1 K.' An ex-
planation of R~ to liquid He at temperatures of)1 K, however, remains elusive. No theory in-
troduced thus far can explain the very small mag-
nitude of R~, ' ' the small pressure dependence, '
the fact that transverse phonons in the solid effi-
ciently transfer energy to the liquid, ' ' and that
the thermal impedance is qualitatively indepen-
dent of whether the liquid is 'He or normal or
superfluid 'He io,» The purpose of the present
Letter is to correct a fallacy which is intro-
duced"" in searching for an explanation of R~
at ) 1 K, namely that the anomaly occurs only
when liquid He is present. R~ to solid He at =1
K is not in agreement with the acoustic mismatch
model, it is also anomalously small. Hence the
anomalous behavior is not to be associated solely
with properties of the liquid.

The experimental arrangement for measuring
R~ was similar to that of Anderson and Johnson. "
Two closely spaced 2.5-cm-diam plates of elec-
tropolished Cu were separated by a thin layer of
He. The thermal impedance of the sandwich, 2R»
was measured under conditions of constant heat
flux. Some of the data thus obtained are shown in
Fig. 1 as R~T' to emphasize the T ' temperature
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I"IG. 1. The Kapitza resistance between Cu and He.

Open circles, liquid He; closed circles, solid He;
open triangles, liquid He; closed triangles, solid He.
The sample pressure for liquid He was = 0 atm, for
solid He = BV atm. Curves &, B, and C are for liquid
He, liquid He, and solid He, respectively, as ob-

tained from Ref. 10. The dotted lines represent calcu-
lations using an acoustic mismatch theory.

dependence predicted for R~ by the acoustic mis-
match theory. Data below 0.3 K were obtained in
a dilution refrigerator; data above 0.4 K were ob-
tained in a different cell in a 'He refrigerator.
The dashed lines represent previous data ob-
tained in a magnetic refrigerator using an elec-
tropolished Cu cell of completely different geom-
etry. " Near 1 K the present data agree with pre-
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vious measurements' on liquid 'He, which lie in
the range of roughly 10—20 cm' K'/W in the tem-
perature interval from 1-2 K.

The results from the three cells do not agree
quantitatively since R~ for Cu is influenced by
surface preparation. " Also, there may be an ad-
ditional thermal impedance at the highest temper-
atures in the solid He samples contributed by the
He lattice. Nevertheless, these details do not al-
ter the fact that there is a large reduction of R~T'
between 0.1 and 1 K for solid He as well as for
liquid He.

It is also true that near 1 K, R~ to gaseous 'He
or 'He is qualitatively the same in magnitude as
for the liquid or solid, provided sufficient atoms
are available to prevent a thermal bottleneck in
the gas."" In our opinion this only indicates that
R~ is the same to bulk liquid as to the layer of
He a few monolayers in thickness which accom-
panies a gaseous He atmosphere at low tempera-
tures.

The data may be compared with computations
using the acoustic mismatch theory which are
shown as dotted lines in Fig. 1. In this computa-
tion it was assumed that the transverse phonon
mean free path in the Cu was much longer than
the phonon wavelength. ' Although there may be
some disagreement as to the appropriate theoret-
ical values for R~T', the fact remains that near
1 K the measured R~ for liquid 'He or 'He is a
factor of =100 smaller than the acoustic mis-
match value and the measured R~ for solid 'He
or 'He is a factor of =10 smaller.

Thus A~ is anomalously small at temperatures
Z 1 K whenever one medium present is He, inde-
pendent of whether the He is a gas, liquid, or
solid. This would appear to eliminate as the
dominant mechanism several recent suggestions
for enhanced thermal transfer which are based
on excitations of the liquid. ""
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