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Experimental
liquid helium

Liquid Full width at
Temperature half maximum

'E K
1.27 & 0. 5
l. 57
2. 08 8.5
4.21 22. 5

Calculated for
free particles;

~ =2. 6 helium masses
Particle Full width at

temperature half maximum

K K
0. 5 6.4

~ ~ ~

12
17.3

Table II. Width of energy distribution of neutrons
scattered through 80 .
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The measured and calculated widths for tem-
peratures at and above the X point are similar,
while for temperatures below the A. point the
measured widths are very small compared to
the calculated widths. The major portion of the
change occurs between the A. point and 1.6'K, the
region of the maximum in the specific heat
anomaly. This suggests that the A. transition is
associated with a marked change in the atomic
motions.

Preliminary measurements of the distribution
of neutrons scattered through 80' by liquid helium
at 1.4'K have been made at pressures of 3.7 and
21.4 atmospheres using the rotating-crystal spec-
trometer. These results indicate that the spec-
trum at 21.4 atmospheres is broader and the
maximum is at a shorter wavelength than at 3.7
atmospheres. The difference between the two
curves indicates that the energy change of the
scattered neutrons is lower by about 1'K at the
higher pressure. This change is consistent with-
in experimental error with the expected decrease
in 6/k of about 0.8 K predicted by the theory of
Landau "for a change in liquid pressure from
0 to 25 atmospheres.

Further measurements are being made and
the analysis of these measurements is continuing.
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I OW-&E&EL ABSORPTION IN GERMANIUM~
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(Received July 1, '958)

Values of the absorption coefficient of Ge near
the band edge have been extended to much lower
levels by measurements of photoconductivity of
suitable specimens. These specimens were thin
bars of cross section 5~0.5 mm' and length -4
cm. The radiation from a monochromator was
focussed onto one end face. Reflections from
the other end face were eliminated by coating
the surface with a layer of Pb8 which has the
same refractive index as Ge and an absorption
coefficient -10' cm ' in the 2p region.

Electrodes were soldered to the sides of the
bars a few mm from either end. The Ge be-
tween the front surface and the first electrode
acts as a filter which reduces the sensitivity of
the device at short wavelengths, thus minimiz-
ing the effects of any scattered radiation when
measuring the low signals obtained at the longest
wavelengths.

The sides of the bar were etched with super-
oxol to give low surface recombination. Under
these conditions the photoconductive signal is
proportional to the total absorption in the sam-
ple, i.e. ,

t't~

Sot- Kexp(-Ãx) dx or S=Aexp(-Xt, )

- A exp (-Xfg,

where A is a constant and t„ t„are the dis-
tances of the electrodes from the illuminated
end.

For the first specimen, where t, =2 mm and
t, = 34 mm, it is readily shown by differentiation
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of the above equation that maximum signal oc-
curs at K= 0.90 cm ' when Sm~=0. 81A. Hence
0.81 8/Smsx = exp (-Ãt, ) - exp (-Kt,). From this
equation absolute values of E are readily ob-
tained for any value of S. For later specime;s:. ,
t, was increased to -5 mm.

All the Ge used was 50 ohm-cm, P type. A

double monochromator with silica prisms was
used, particular care being taken to maintain
high spectral purity of the radiation. The spec-
tral bandwidth was 0.005 ev.

The results for 15'C are shown by the points
in Fig. 1, from which it may be seen that ab-
sorption coefficients as low as 10 'cm ' were
measurable. The dashed line shows the lowest
values given by Macfarlane et al. ' - obtained

from transmission data at 18'C. The agreement
is seen to be good.

It is clear that absorption producing free car-
riers is still taking place at energies &0.57 ev,
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FIG. 2. Analysis of absorption in germanium.

which contrasts with the energy gap of 0.669 ev. '
Two well defined parts of the absorption spec-
trum are analyzed in Fig. 2; they show that in
the 0.59 - 0.62 ev region the absorption is well
represented by

X ~ (E - 0.576),

while at the lowest levels one has

X ce (E - 0.560)".
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These energy thresholds are thus 0.093 ev and
0.109 ev, respectively, less than the energy gap.

The mechanism of these low-energy transi-
tions is not yet established, but it is possible
that the highly energy-dependent term is asso-
ciated with transitions from occupied acceptors
to the conduction band or to empty donor levels.
Also multiple phonon effects may be important. '

Our thanks are due to S. E. Bradshaw of Gen-
eral Electric Company, Wembley, for kindly
supplying the Ge, to A. K Walton, E. P. John-
son, and I. D. Birch of this laboratory for as-
sistance, and to C. Hilsum of Services Electron-
ics Research Laboratory, Baldock, for supply-
ing the photoelectromagnetic detector.
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FIG. l. The low-level absorption edge of germa-
nium at 14 C.
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2A likely second-order process to explain the lowest

absorption band involves simultaneous transitions
from valence maximum to the conduction maximum and
from k -0 in the conduction band to the conduction
mininum —in the opposite direction —requiring an

energy of 0.67-(0.80-0. 67), or 0. 54 ev.
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