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advanced by Mastrangelo and Aston, but the pressure used by
them seems to have a rather different character.

It may be necessary to supplement this picture by considering
the zero-point energy, as was done by Bijl, de Boer, and Michels. o

Although the zero-point energy is known to be much larger than
the value appearing in their theory, this does not exclude the
possibility of a small superimposed variation with film thickness.
Using the simplifying assumptions of the Debye theory of solids,
the zero-point energy of the longitudinal Debye waves in the film
can be shown to be
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A NOMALOUS resonance absorption by Cu++ in copper
acetate has been observed by Bleaney and Bowers" and in

our laboratory. "In this salt, the spins of two copper ions are
strongly coupled to form an equivalent spin S=1.

I have recently observed similar anomaly in copper propio-
nate monohydrate Cu(CHzCHsCOO) s H.O. This crystal is mono-
clinic with u: b:c=0.874:1:0.886 and P =94'22'. ' The wavelength
of the microwave used is 10.7 mm. When the static magnetic field
H, is applied in the ac plane, six resonance peaks are observed.
Three pairs of lines can be obtained from these peaks when H,
is rotated in the ac plane. Each line observed in the ac plane splits
into two lines in any plane which is perpendicular to the ac plane.
In addition to these, one line is observed almost independent of the
direction of H„at about half of the mean magnetic field for other
peaks.

These observed spectra can be explained by superposition of six
sets of spectral lines which are expressed by the Hamiltonian

BC=+7PH ~ S+Ds,'+E(s,'—5 ') (1)
under the condition that S=1,where x, y, and z denote the axes of
the crystalline field. Values of g, D, and E for three pairs are listed
in Table I, the three remaining pairs being given by mirror reQec-
tion about the uc plane. P in the table means the angle between the
c axis and the plane containing two z axes, and 0. is the angle be-
tween one of the z axes and the uc plane. D* stands for the D value
to be given in order to satisfy mainly the experimental data in the
z and y directions. g, D, and 8 for pair (3) in Table I are less
reliable than the others because the resonance peaks for this pair
could not be observed for some range of angle of H, .

where c is the velocity of Grst sound and I,"the cut-oG frequency in
the bulk liquid. The resulting relationship between Glm thickness
and height is

H=n/gd'+ (4X10 '/d)'. (4)

The zero-point energy is responsible for the term in 1/d', which is
seen to be important for thick saturated films but less important
for the thinner unsaturated films. It should be emphasized that
only that part of the zero-point energy associated with the
longitudinal Debye waves has been included in this treatment, and
the remaining part may be equally important.

A more complete account will appear in the CanaChun Journut
of Physics.
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TABLE I. Parameters occurring in Eq. (1) for the paramagnetic spectra of
copper propionate monohydrate,

gz
gs
gv

D (in oersteds)

P (in degrees)
Ot (in degrees)

Pair (1)

2.348
2.09g
2.095

3460
3620

~0
106
28.5

Pair (2)

2.35p
2, 100

3460
3650 .

~0
158

16

Pair (3)

(2.296)
2.092
2.098

(3730)
3580

~0
174
52
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JURE liquid He', unlike liquid He4, has been found to show
no signs of superQuidity. The experimental indications of this

marked difference in behavior were evident first in the early work
on solutions by Daunt and co-workers, ' and then by the observa-
tions of the pure liquid down to 1.0'K by Osborne, Weinstock, and.
Abraham' and down to 0.2'K by Daunt and Heer. ' Despite this
established difference in the Qow properties of liquid He' and He4,
it is known that He', exactly like He4, does not become solid under
its saturated vapor pressure even at the lowest possible tempera-
tures. (See Osborne et at 'for data on the .melting curve of He'. )
There consequently remains the possibility that liquid He'
undergoes a liquid-liquid transformation at a suffi. ciently low
temperature. Such a transformation would not be one into a
superQuid phase, as in liquid He; but it would be, if it existed,
evident from observations of the specific heat. A discussion of the
many speculations by various authors regarding this possible
transformation has already been given by one of us, ~ and this will
not be repeated here. '

We have carried out calorimetric determinations of the specific
heat of liquid He' (He' content 96 percent; He' content 4 percent)
with a view to resolving this problem experimentally. Our initial

From these results, the following conclusions may be derived:
(1) The unit cell of this crystal contains six inequivalent pairs of
Cu++ ions, whereas we have two pairs in copper acetate, so far as
the microwave spectra are concerned. (2) Each pair of ions in the
unit cell is in a very similar environment except that the orienta-
tions of the axes of the crystalline field are different. (3) The origin
of the anomaly may be assumed to be the extraordinarily short
distance between Cu++ ions in a pair; a distance of 2.6A between
copper ions has been found in copper acetate by van Niekerk and
Schoening. '

Single crystals of copper formate dihydrate Cu(HCOO)s 2Hso
and tetrahydrate were also examined. ' The anomalous splitting
could not be found, and only one resonance peak was observed, the
g value of which ranges from 2.06 to 2.32, just as in the ordinary
copper salts. Kiriyama at Osaka University has analyzed the
structure of these salts by means of x-rays. ' The arrangement of
atoms in these crystals is quite different from that in copper
acetate.

The author v ishes to express his sincere thanks to Professor H.
Kumagai for his continuous guidance. A rgore detailed report will
appear in the Journal of the Physical Society of Japan.
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measurements have been in the temperature range 1.3'K to 2.3'K,
and it is felt that the results obtained may be of interest.

8 cc at N.T.P. of He' (96 percent) gas, kindly supplied by the
U. S. Atomic Energy Commission, were condensed in an adiabatic
calorimeter of volume 16 mm' fed by a tube of internal diameter
0.025 cm. The temperature of the calorimeter was measured with a
carbon resistance thermometer and observations of the electrical
"heating cycles" were made semi-automatically using the appa-
ratus previously developed and used in other specific heat de-
terminations. ' A copper shield, mounted in vacuum, completely
surrounded the calorimeter and was maintained continuously at a
temperature of approximately 0.1'K above that of the calorimeter.
This shield had attached thermally to it all the electrical leads
leading to the calorimeter. This shield, moreover, formed the only
low-temperature anchorage for the filling tube leading to the
calorimeter and by this constructional arrangement unwanted
condensation of vapor in the filling tube during a heating cycle was
avoided.

Our preliminary results are shown in Fig. 1. Owing to the small
quantities of liquid He available for these experiments, we esti-
mate that our errors could be as large as ~10 percent. Corrections
had to be made for evaporation of liquid, for the heat capacity of
the vapor and for the compression of the vapor during the heating
cycles. These corrections totaled approximately 14 percent of the
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Fir. 1. The specific heat, C»t, in cal/mole-deg, of liquid He' (96 percent
Heg) as a function of the absolute temperature, T, in 'K. The circles and
triangles give the observed results. The full curve gives the formula (1}of
this paper. The broken curve, A. , gives the Fermi-Dirac contribution to
formula (1) with T*=10'K. The broken curve, B, gives formula: C«t
=0.68T+0.2Tg cal/mole-deg (see text).

observed heat capacities. (Measurements were made, of course,
also of the heat capacity of the empty calorimeter itself, which did
not amount to more than a few percent of its total heat capacity
when filled. Corrections, however, also have been made for this. )

2.3'K was taken as the maximum useful temperature of observa-
tion consistent with manageable vapor corrections. The lower
temperature of observation (1.3'K) was determined by initial
technical considerations. %e are now extending the observations
to temperatures well below 1'K.

It will be seen that the observed specific heat increases mono-
tonously from about 1.6 cal/mole-deg at 1.3'K to about 3.6
cal/mole-deg at 2.3'K. There is a singular observation at 1.38'K,
giving C„&=2.53 cal/mole-deg. We are unable, as yet, to decide
whether this point represents an observational error or not.

The measured curve is convex towards the T axis and, . moreover,
C„i at the higher temperatures is larger than (3/2)R. These two
facts mean that it is impossible to describe the specific heat by a
Fermi-Dirac function alone, no matter what degeneracy tempera-
ture T~ be chosen. As a crude first approximation our results

could be described by the formula, C„i=0.68T+0.2T' cal/mole-
deg, which was proposed earlier' by one of us~ and which was
based on the results of the vapor pressure measurements on liquid
He' by Abraham et al.' This is illustrated by one broken line B in
Fig. 1.

In interpreting our results in more detail, we have tentatively
tried to use the following formulation for C.,~..

C„i=F(T/T~)+oP cal/mole-deg, (1)
where F(T/T*) is the Fermi-Dirac specific heat function corre-
sponding to a degeneracy temperature T*, and where the T3
function would be due to compressional Debye waves. "Putting
T*=10.0'K and a=0.125 cal/mole-deg4, we obtain the full line of
Fig. 1, which is a fair approximation of the experimental results.
(One broken line A in Fig. 1 gives the function F(T/10'K) alone,
which will be seen to have a slope given by 1.0 cal/mole-degs at
T~O).

The apparently appropriate F—D degeneracy temperature,
T*=10'K, is high compared with that which can be computed for
a F—D gas with the liquid Hes number density of particles
(4.85'K). The absolute magnitude of the cubic" term of Eq. (1) is
approximately 5 times larger than that in liquid He4, as measured
by Kramers et al. '3

Equation (1), if considered as an appropriate extrapolation
for the specific heat below 1.3'K, leads to an entropy of 1.1
cal/deg ' mole ' at 1'K. This is 1.1 cal/deg ' mole ' less than that
calculated by Abraham et c/. ' from the vapor pressure data if the
nuclear entropy is also included. It seems peculiar that the magni-
tude of the discrepancy is approximately R ln2, the nuclear en-
tropy. It seems necessary to conclude, therefore, that Eq. (1) may
not be extrapolated below 1'K with any confidence and that at
best it must be regarded as an iriterPolair'om formijlo in the tempera-
ture range covered by our measurements only.
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~HE width of the forbidden energy gap in a semiconductor
is an important parameter appearing in theories of photo-

conductivity and other semiconductor phenomena. For the ele-
mentary semiconductors, such as germanium and silicon, there is
good agreement among the various workers on the value of this
energy. In the case of certain binary compound semiconductors,
the values reported in the literature are not consistent. In lead
sulfide, for example, values are reported ranging from 0.3 to 1.17
ev' for the forbidden band width (nE) as obtained from the slope


