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surface may stop electron emission, but does
not noticeably affect the light emission. (c) An

ultraviolet lamp shining through the Pyrex en-
velope onto the Inconel electrode assembly did
not excite any photocurrent (&10 ' amp). Not
more than l%%uo of the breakdown photons have
energies greater than those received from the
lamp.

The possibility of thermionic emission is ex-
cluded by the observation that there is good
agreement between the measurements presented
here and others in which the crystal current was
pulsed. The electron emission response could
be observed for a single 10-p.sec pulse of crys-
tal current. Circuit parameters prevented ob-
servation of still shorter pulses.

The electron emission of a given sample was
found to depend strongly on sample treatment.
For example, emission could be suppressed by
rinsing the sample in water, then restored by
heating the sample to 300'C in air or vacuum.
Such effects are not unexpected; surface films
and their effects on the work function are ob-
viously important. Heating in air at 800'C for
1 hr also suppressed electron emission, proba-
bly because of the formation of an oxide layer'
of less than 100A. The emission was again re-
stored by removing the oxide film with HF, fol-
lowed by heating in air to 300'C. A later report
will give more details on surface treatments,
including cesium addition.
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A gamma ray emitted from a nucleus initially
at rest has an energy which is less than the en-
ergy difference between the levels by an amount
equal to the recoil energy of the emitting nucleus.
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In addition, if the gamma ray is to be resonantly
scattered by a nucleus of the same kind, a like
amount of recoil energy must be given to the
scattering nucleus. Thus the nuclear resonance
scattering cross section is extremely small un-
less this energy deficit is restored.

The 15-hour Na'~ decays to Mg'4 by beta emis-
sion with an endpoint of 1.39 Mev followed by a
gamma cascade with energies of 2.76 Mev and
1.38 Mev. Pollard and Alburger' attempted to
restore the resonance condition for scattering
of the 1.38-Mev gamma ray by making use of the
recoil from the previous radiations. No reso-
nant scattering was observed and it was con-
cluded that the 1.38-Mev level had a width of
less than 0.01 ev. Recently Burgov and Terek-
hov successfully used a coincidence method to
observe the resonant scattering of those 1.38-
Mev gamma rays which have the resonance con-
dition restored by recoil due to the preceding
2.76-Mev gamma ray. The resonance effect was
small and a direct cross-section measurement
was not possible. However a lower limit (1.6
X10 ev) was placed on the width of the 1.38-
Mev level.

A large resonance effect has now been observed
and preliminary measurements of the level width
have been made. If the emitting nucleus is as-
sumed to be at rest before emission of the gamma
cascade, it is not difficult to show that the reso-
nance condition for the second gamma ray can be
restored by the recoil of the preceding gamma
ray when the angle between the emission direc-
tion is given by cos8= E»/E&, . -In the partic-
ular case of Mg'~, E,=2.76 Mev, E&=1.88
Mev, and it is possible to observe resonant scat-
tering of the 1.38-Mev gamma ray when the an-
gle between it and the 2.76-Mev gamma ray is
about 120'.

Pure sodium hydroxide was irradiated for 4-
hour periods in the Ford Nuclear Reactor of the
University of Michigan. The sources consisted
of dilute (1.3 normal) aqueous solutions of NaOH
sealed in Lucite containers.

A conventional fast-slow coincidence circuit
with an effective resolving time of 15 millimi-
croseconds was employed in the present meas-
urements. The 2.76-Mev gamma ray was de-
tected by a 5 in. diameter x 4 in. long NaI(T1)
crystal mounted on a DuMont 6364 phototube. A
lead collimator was used to restrict the angular
width of the gamma ray beam entering this crys-
tal and a pulse-height analyzer was set inte-
grally to accept only the 2.76-Mev gamma ray.
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A 1 in. high by 7/16 in. wide rectangular hole
was cut between the parallel flat faces of a 2 in.
diameter x 2 in. long cylindrical NaI(T1) crys-
tal. A bar of magnesium metal was placed
within this well and the crystal was mounted on
an RCA 6342 phototube. The resultant scintilla-
tion counter had a pulse height resolution (for
direct radiation) of 10% at 1.88 Mev. A lead
collimator limited the gamma rays entering this
crystal to those which are scattered from the
magnesium bar in the center. A differential
analyzer was set to accept a narrow range of
pulses above the center of the 1.38-Mev photo-
peak. Thus pulses due to Compton scattering
from the magnesium were largely eliminated.

The coincidence rate was observed as a func-
tion of angle over a small range of angles cen-
tered at 120'. A sharp peak was observed,
which, within the limits of experimental error,
had an angular width as narrow as that of the
collimating system (2.6' as measured by annihi-
lation radiation). The coincidence rate at the
peak was consistently two or three times the
rate measured at neighboring angles off the peak
(depending mainly on the sharpness of the pulse
height discrimination).

Since the observed resonance effect was so
large, it was possible to perform a self-absorp-
tion experiment in order to measure the reso-
nance scattering cross section. The coincidence
rate was observed as a function of angle as an
aluminum and a magnesium absorber were al-
ternately inserted between the source and the
resonance scattering detector. In this way it
was possible to calculate the selective attenua-
tion of the resonance radiation by the magnesium
absorber. The ratio of the coincidence rates on
resonance (8 =120') to off resonance {8=114')
for a magnesium absorber of 1.96 cm thickness
was found to be 1.39+0,26. For an aluminum
absorber which attenuated the off-resonance co-
incidence rate by an amount similar to the mag-
nesium absorber, the ratio of the coincidence
rates at 120' and 114' was found to be 2.03 + 0.3.
The level width then follows from the attenuation
upon inclusion of the dependence of the resonance
effect on the spins involved and the thermal Dop-
pler width. Preliminary data indicate a level
width of 7%1.0 ev. This corresponds to a mean
life of v =0.95x10 "sec for the 1.38-Mev level.
The statistical uncertainty in these measure-
ments is about 90%. Helm4 has estimated the
mean life.of this level from electron scattering
data. His value, 7 =1.9x10 "sec, is probably

correct to within one order of magnitude and
agrees well with the present work.

Experiments are continuing in order to im-
prove the precision of the data and to study the
apparent absence of beta recoil effects. A com-
plete report will be published as soon as the
measurements are concluded.

It is a pleasure to acknowledge our indebted-
ness to R. R. Lewis for many helpful discussions.
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In a series of previous publications the polar-
ization of the nucleons from the D(y, n)P reaction
was calculated. '~' It was shown that, for un-
polarized y rays, the polarization P{8) is rather
sensitive to the final state interactions. The
most important transitions are, in order of im-
portance, 1E('S, D+P, »+sE, ), Ml spin

+'D, »+'G, ). The E1 transition amplitudes are
rather well known from the analysis of the angu-
lar distribution and total cross section. '~ The
forthcoming experiments on P(8) should provide
most important information on the relatively
less known M1-transition amplitudes. The lack
of symmetry of P(8) about 90 provides addi-
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