
P H YSl CAL REVI EW VOLUME 95, NUMBER 6 SEPTEM 8 ER 15, 1954

UBLICATION of brief reports of important discoveries in
physics may be secured by addressing them to this department.

The closing date for this department is five weeks prior to the date of
issae N.o proof will be sent to the authors The B.oard of Editors does
not hold itself responsible for the opinions expressed by the corre-
spondents. Communications should not exceed 600 words in length
and should be submitted in duplicate.

Overhauser Effect in a Free Radical
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]~)N theoretical grounds Overhauser' has predicted
an interaction between paramagnetic and nuclear

resonance. If the former is saturated, one of the pro-
cesses trying to restore thermodynamic equilibrium is
such that the change of angular momentum in an elec-
tron spin fm.ip is compensated by a change in direction of
a nuclear spin. Thus the ground state population of the
nuclear spin system is increased. This increase can be
detected by an enhanced nuclear resonance. According
to Overhauser's 6rst paper this eGect would be confined
to metals. It has been found in Li by Carver and
Slichter. ' Bloch' has pointed out that the effect might
expected in nonmetals too. In this letter we give a brief
description of a preliminary experiment in which the
Overhauser eGect was found in the free radical diphenyl-
picrylhydrazyl (DPPH).

The sample was placed in a glass tube inside a coil,
that was inserted in a 3-cm resonant cavity, with the
axis perpendicular to the magnetostatic field. The coil
consisted of two groups of 20 windings each, separated
by a gap of 2 mm in order to increase the penetration of
the microwave field into the coil. The cavity, made of
rectangular wave guide, was fed by a 70-watt klystron.
The incident power could be measured by means of a
calibrated attenuator in front of a monitor. Nuclear
resonance in the coil was observed by a Thomas
oscillator. ' In DPPH a -weak proton resonance was
found, the peak height in 10 mm' being of the same order
as that in 1 mm' H~O with 2.5XIO" Fe'+ ions mm '
added. In the field where paramagnetic resonance
occurred (3300 oersted), the proton resonance was at
about 14 Mc/sec.

At high microwave power levels the electron spin
resonance showed saturation. At the same time the
proton spin resonance increased by Overhauser eGect
(Fig. 1).During the experiment the sample was kept at
room temperature by cooling with a jet of cold air, as it
was found that towards higher temperatures the proton
peak height increased as a result of decreasing line
width. When the peak height was increased by Over-
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FIG. 1. Solid curve: output/input for electron spin resonance.
Dotted curve: peak height of proton resonance on oscilloscope
screen. Both are plotted against incident microwave power.

hauser eGect, no change in line width was observed. The
temperature of the sample was checked by a thermo-
couple. The incident power was limited to 8 w by the
cooling capacity of the air jet.

From paramagnetic resonance experiments it is well
known that in DPPH there is an appreciable interaction
between the electron hole and the nitrogen nuclear
spin. ' Therefore it would be interesting to see if the
nitrogen nuclear resonance shows Overhauser effect.
Unfortunately the nitrogen resonance will be extremely
weak and cannot be detected by a simple oscillator.

We are indebted to Professor Casimir for suggesting
the experiment, to Mr. van Iperen for providing the
klystron, and to Dr. Klaassens for preparing the free
radical sample.
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Anomalous Optical Behavior of InSb
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URSTEIN' has recently proposed an explanation
of the anomalous optical behavior of InSb ob-

served by Tanenbaum and Briggs. 2 This explanation is
based on the small effective electron mass m„and the
resultant low density of states in the conduction band.
In degenerate m-type InSb, the lowest unfilled level in
the conduction band rises above the bottom of the band
as the electron concentration, m, increases. Eo, the op-
tical energy gap, is determined by the energy separation
between the lowest unoccupied level in the conduction
band and the corresponding level in the valence band.
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