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the vibration of specific boron atoms or to vi-
brations of certain atom groups cannot yet be
stated.

As can be seen from Fig. 2, the transmission
of boron decreases strongly for wavelengths
smalle~ than approximately 2 p,. A plot of the
calculated absorption coefficient as a function of
photon energy indicates that ',wa absorption
mechanisms are present. The absorption rises
rapidly with increasing energy for hv&1, 2 ev.
This sharp rise is considered to correspond to
optical transitions across the forbidden energy
gap. For 0.6 ev&hv&1. 2 ev, the absorption in-
creases less rapidly with the photon energy.
Several possible causes may be cited for this
latter absorption: transitions to or from states
within the forbidden gap, interband transitions
arising from a complicated band structure,
scattering effects due to lattice imperfections.
A more detailed study of these questions is in
progress.

We wish to acknowledge the aid of J. A. Gutow-
ski who prepared some of the specimens for the
measurements and G. Sorin who helped in taking
some of the infrared data.

undergo no collisions between the source and
the detector. However, several years ago
Ramsey'~' pointed out that the separated oscilla-
tory field resonance method3 in principle could
be extended to cases in which the atoms in the
beam wer~ subject to collisioiis either with other
atoms or with suitable solid surfaces in the re-
gion between the two oscillatory fields. It was
pointed out' that such experiments not only
would provide information on the nature of the
collisions but also might make possible reso-
nance experiments of unprecedented accuracy if
the atoms could be stored for considerable
lengths of time in a box with suitable surfaces.

It is the purpose of the present note to point
out the first success of such a broken atomic
beam experiment. The arrangement of the appa-
ratus for the experiment was as shown in Fig.
1. Cesium atoms from a heated oven emerged
into a six-pole deflecting magnetic field~ region
from which only the atoms in the hyperfine state
I" = 4 could emerge. The atoms then entered
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All past atomic beam resonance experiments
have been limited to cases in which the atoms
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FIG. l. Experimental arrangement of the broken
atomic beam.

the first oscillatory field region followed by a
small box of such a configuration that no atom
could pass through the box without undergoing at
least two wall collisions. The atoms then en-
tered the second oscillatory field region which
was followed in turn by another six-pole deflect-
ing magnetic field through which only E = 4
atoms could pass. The characteristic Ramsey
separated oscillatory field resonance pattern'
was then sought corresponding to atomic transi-
tions between the E = 4, M = O and E = 3, M
= o state.

The first box tried possessed walls of un-
heated teflon. With these no Ramsey pattern
could be observed in the emerging beam, though
a pattern corresponding to transitions in a
single microwave cavity was observed. How-
ever, when the box was heated to 100'C the
characteristic Ramsey pattern was observed,
despite the fact that the atoms of the beam had
to undergo at least two collisions between the
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oscillatory fields. The observed intensity of the
resonance corresponded to about 15% of the in-
tensity of the beam emerging from the box.
Surfaces of unheated eicosane and polyethylene
have also been tried. Both gave Ramsey curves
of a size comparable to that of heated teflon. At
present we are trying to determine whether the
small size of the Ramsey pattern truly repre-
sents relaxation of the atoms on the walls or is
due to some experimental difficulty. It is sus-
pected that the power levels in the microwave
cavities may not have been their optimal values.

The only reported experiment closely related
to the present one is the recent successive os-
cillatory fields experiment of Robinson, Ensberg,
and Dehmelt' which was based on another aspect
of Ramsey's proposal. '~' However, Dehmelt's
experiments were limited to low-frequency
transitions between states which differed only in
magnetic quantum number. The experiments in
the present report are the first wall collision
resonance experiments involving high-frequency
transitions between states of different hyperfine
I' values as well as the first resonance experi-
ments of any kind with the broken atomic beam
resonance method. The present resonance ex-
periments are more distantly related to the
nonresonance wall bounce experiments of
Hawkins' and the spin relaxation experiments of
Robinson, Ensberg, and Dehmelt. '

At present, an extensive program for testing
different collision surfaces is being initiated in
the hopes of finding a suitable surface for a
high precision atomic clock incorporating both
the storage box ~ and maser principles.

The authors wish to thank J. T. LaTourrette,
W. A. Hardy, S. M. Gardner and the other mem-
bers of the Harvard Molecular Beam Laboratory
for their help in this experiment.
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It is expected that crystals of the zinc blende
structure will be piezoelectric, since the lattice
lacks a center of symmetry. The ionic character
of InSb has been indicated by several authors' '
to be in the range of 10-20/p of the total available
charge.

We have made qualitative observations of pie-
zoelectric resonances at the first and third har-
monics of thickness vibrations in two InSb
plates. Because of the relatively high conduc-
tivity (-200/ohm cm) of InSb at room tempera-
ture which would effectively short out the piezo-
electric voltage, measurements were taken at
78 K and 4.2'K where the resistances of the
samples were large. 4 The plates, 0.71 and 1.02
mm thick and 5 mm square, were cut normal to
the [111]direction, and their faces ground par-
allel within a few hundredths of a mm. The
plates were then etched and their large flat sur-
faces plated with rhodium; thin copper leads
were indium-soldered to the corners of the
plated sides. The plates were then mounted in a
vacuum to reduce acoustic losses. One sample
had a P njunction in th-e plane of the plate and,
as suggested by Burstein, ' such a sample should
be suited for a qualitative observation of a pie-
zoelectric effect, having a relatively high re-
sistance, even at liquid nitrogen temperatures.
The other sample (from an adjacent slice) was
high-resistivity p-type (-1.4&&10' ohm-cm at
liquid helium temperature). In both samples the
effect was detected as a slight drop in voltage
across the plate when the frequency of the
driving oscillator (loosely coupled to the sample)
was tuned through one of the resonant modes of
the plate. The voltage change was observed as
a departure from a null condition in a voltage
compensation circuit. The calculated and ob-
served resonance frequencies for the two plates
are given in Table I. The effect was detected in
the P-n junction plate at both liquid nitrogen and
liquid helium temperatures at the same frequen-
cies. In the P-type plate it could be detected
only at 4.2'K.

As is characteristic of vibrating plates, the
thickness modes are coupled to numerous other
modes of vibration, flexure, face shear, etc. ,
resulting in a number of resonances grouped

233


