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Some results of these calculations (for r =4 =14) are given
in Table I. The high energy mesons must also be pro-
duced in groups. If Ep~10'7 ev, we find multiplicities ~10%
mesons, and meson energies ~101 ev sufficient to explain
the penetration of mesons at great depths.1t
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Non-Rectifying Germanium

W. C. DunLAP, JR. AND E. F. HENNELLY
Research Laboratory, General Electric Company, Schenectady, New York
September 3, 1948

ECENTLY germanium of rather unique properties

has been prepared in this laboratory. Most unique
of the properties observed is an almost complete absence
of surface rectification at the germanium-metal contact.
Several ingots of this type were prepared by melting
germanium powder at a pressure of less than 104 mm Hg.
The powder was prepared by reduction of germanium
dioxide in a hydrogen furnace. Ten-point, plane-welded
contact rectifiers were made from one ingot. Their average
rectification ratio for 20 volts and at room temperature was
3.54. At —196°C the average ratio was 1.22. These units
were weakly N-type at room temperature, P-type at
—196°C. Hall effect measurements on larger samples
showed that the material was P-type at low temperatures,
reversing to N-type at 70°C. Potential distribution studies
indicated a uniform resistivity of 17.8 ohm cm. The
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F1G. 1. Residual recuﬁcatmn characteristics for a welded contact
rectifier made from ‘“non-rectifying’’ germanium. At voltages below 10
the rectification ratio is less than 1.5, both at 25°C and —196°C, but
at voltages of the order 50 there is a shght rectification with ratio ~2
at both temperatures. * down’’ occurs at 25 volts for 25°C, at
125 for —196°C. It is the result of heating at the point of contact.
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mobility averaged 2890 cm?/volt sec. and the Hall coeffi-
cient 514,000 e.m.u.

The room temperature resistivity was increased by 22
percent by application of a magnetic field of 13,750 gauss.
The Hall coefficient decreased by 29 percent on changing
the magnetic field from 3600 to 13,750 gauss. Resistance of
the point-contact rectifiers increased by about 18 percent
in a field of 13,750 gauss, for both directions of current.
Since this result is almost as large as the magneto-
resistance of the bulk, one is compelled to conclude that
practically all the resistance at the contact was ‘‘spreading
resistance,” with little contribution from contact barriers.
The contact resistance averaged 2900 ohms. This is roughly
ten times the forward resistance of N-type units made
from material of comparable resistivity. Thus the ‘“elec-
tric field-sensitive” conductivity studied by Bray, Lark-
Horovitz, and Smith,! and by Brattain and Bardeen? may
not appear in P-type germanium.

Figure 1 illustrates the residual rectification of a typical
non-rectifying unit, No. H775. For small voltages the
rectification was negligible, at both 25°C and —196°C,
but the rectification factor increased to a value of the
order 2 at 20-100 volts. It seems probable that the ob-
served rectification was due to heating and consequent
inhomogeneity in the germanium rather than to a true
rectification between the germanium and the Pt-10 percent
Ru whisker. Pressure contacts utilizing brass, stainless
steel, and dural were found to yield negligible rectification.
A study is now being made of the relation of the above
results to the theory of the contact properties of a P-type
semi-conductor.

A second point of interest is that, in spite of the appar-
ently high degree of homogeneity in this P-type germanium,
the magnetoresistance was large, as was the variation of
Hall coefficient with magnetic field. Since the magneto-
resistance of the ten test units was determined largely by
a very small region of germanium around the point of
contact, it seems that either the magnetoresistance (and
probably also the variation of Hall coefficient with field) is
intrinsic (not a result of inhomogeneity) or else the in-
homogeneity is on a scale small compared to the dimensions
of the point contact (~0.0002 in.). Although we cannot
decide definitely as yet between these possibilities, a
plausible picture retaining the second hypothesis is that
the inhomogeneity consists of a rather uniform distribution
of sub-microscopic lattice defects, which may also be re-
sponsible for the P-type conduction. Work is continuing to
test these ideas.

(I;R) Bray, K. Lark-Horovitz, and R. N. Smith, Phys. Rev. 72, 530
2W. H. Brattain and J. Bardeen, Phys. Rev. 74, 231 (1948).

v-Radiation from Be?
S. DeEvons AND M. G. N. HINE
University of Cambridge, Cambridge, England
August 19, 1948
HE cross section for the capture of a proton by the
Li” nucleus, resulting in a state of Be® having an
excitation energy of 17 Mev, shows a strong resonance



LETTERS TO

maximum at a proton energy, E., of 439 kev; and the form
of the maximum agrees, at least approximately, with that
to be expected from the Breit-Wigner dispersion formula
(I'»=12 kev).! For proton energies very different from E,,
the cross section does not fall away as rapidly as would be
expected from the dispersion formula; in fact, there appears
superposed on the resonance peak a much smaller cross
section which varies only slowly for proton energies up to
1.0 Mev.? The energy of the y-radiation following proton
capture has been measured by several investigators, the
general indication of the results being that at the resonance
the y-radiation is predominantly of quantum energy 17.0
Mev!3 (i.e., a transition to the ground state of Be8). But
for proton energies Substantially different from E,, the
v-energy is somewhat smaller* (probably mostly 14.0 Mev,
i.e., transition to the well-known excited state of Be? at 3
Mev).5 These facts are usually explained by assuming that
the resonance corresponds to a state of Be® with odd total
angular momentum, J, or odd parity (or both), and that
the slowly varying cross section corresponds to one or
more broad levels of Be? with even parity and J. Be8
nuclei formed in the former states cannot break up into
two a-particles; those formed in the latter states can—
hence the marked difference in the widths.of the two
states. The approximate isotropy® of the vy-radiation at
resonance (i.e., formation by S-protons) and the large
radiation width (10 ev) together suggest that the resonance
corresponds to a state of Be? with odd parity and J=1
(assuming Li? to have odd parity). The “non-resonant’
radiation arises from states of Be® with even parity and
J=2, 4, ---. This latter radiation should therefore show
marked anisotropy. Furthermore, if the y-transitions from
the two states are not always of different energies and, if in
addition both narrow and broad states can be formed by
the same arrangement of Li” and proton spins (i.e., Li? and
proton spins antiparallel, if /=1 is the correct assignment
for the resonance level), then interference between the
radiation from the two states can occur. A difference in
parity in the two states will then be revealed as an asym-
metry in the intensity of the vy-radiation with respect to
the plane perpendicular to the incident proton beam.

We have made careful investigations, in particular of the
angular distribution, of the y-radiation from this process
for proton energies of 300-800 kev, and have been able
to verify most of the features of the above interpretation.
The main results of our investigation are:

(1) With a “thick” Li target and protons of 500-kev
energy, the y-radiation is not exactly isotropic but is of
the form:

1+4-0.05 cosé.

(6 is the angle between proton beam and direction of
y-radiation. Allowance is made for center of gravity
motion.)

(2) With a “thin” target and varying proton energy the
angular distribution near resonance is of the form 14« cosf,
where a is positive for proton energies greater than about
435 kev and negative for smaller proton energies.

(3) The forward-backward asymmetry is a maximum
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(|«]| ~0.3) for proton energies of about 350 kev and
620 kev.

The experimental results are not sufficiently precise to
exclude the possibility of small higher terms of the type
cos26, etc. The measured variation of I(30°)/I(150°) is
shown in Fig. 1. These results are consistent with the
interpretation of the radiation as a superposition of electric-
dipole radiation (from the 439-kev level) and electric-
quadrupole radiation (from the broad level). The change in
sign of a on passing through resonance is just that to be
expected from the change in phase of the resonant state on
passing through the resonance energy. The occurrence of
maxima in « at energies so far from the resonance energy
is at first sight surprising, but is in accordance with slow
variation in the amplitude of the resonance state predicted
by the dispersion formula (namely, as (E—E,+%iT,)™).
With some simplifying assumptions the value of R=1(0°)/
1(180°) is given by:

a?+sin2y+2v2a cos(x —v) siny
a?+sin?y

R=

where a2(<«1) represents the relative intensities of resonant
and “non-resonant” y-radiation, tany =2T,/(E—E,) and x
is an angle related to phase difference of the two nuclear
states at a particular energy. The asymmetry will clearly
be a maximum when y~ae~2T,/(E—E,), or, physically,
the interference term causing asymmetry will have maxi-
mum relative magnitude when the amplitudes of the radia-
tion from the two states of Be® are of comparable magni-
tude. From the experimental results 2I'/(E —E,) is about
0.2 for E corresponding to maximum asymmetry; hence
a?~0.04, a result consistent with the observed ratio of
y-intensities from the narrow and broad levels, as deduced
from observations at angle of 90° to the proton beam where
the interference term vanishes.

The above results require, inter alia, that the y-radiation
from the broad and narrow levels contain components of
the same energy. We have made some qualitative measure-
ments of the variation of y-energy in the neighborhood of
the resonance, and find that the component of energy
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F1G. 1. Variation of asymmetry with proton energy. This curve is
strongly distorted in the region near Er owing to the finite target thick-
ness (~30 kev).
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17-Mev is present at all energies although its intensity
relative to the total y-intensity does vary by a factor of
about two. Measurements of the y-radiation asymmetry
near resonance, as a function of y-energy, indicate that
the 17-Mev y-component is responsible for most of the
asymmetry, which confirms the conclusion that y-radia-
tion from the broad level contains an appreciable 17-Mev
component. This result would be expected from the known
properties of the ground state and 3-Mev level of Be®.

In making measurements of the angular distribution,
particularly near resonance where the asymmetry is small,
due regard must be paid not only to the effect of the
recoil of the Be® nucleus on the angular distribution, but
also to the effect of the Doppler frequency shift on the
efficiency of detection of the y-radiation. By deliberately
increasing dependence of y-detection on y-energy, we have
observed a change in apparent angular distribution agree-
ing with that to be expected for a Be® nucleus recoiling
with full energy. This is consistent with a short lifetime
(<107 sec.) for the compound Be? nucleus.

Details of the above measurements, and their inter-
pretation, and of investigations of other (¢, v) reactions
will be published elsewhere.
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Nitrous Oxide in the Earth’s Atmosphere

J. H. SHAw, G. B. B. M. SUTHERLAND, AND T. W. WORMELL
Solar Physics Observatory, Cambridge, England
August 30, 1948

SERIES of solar spectra in the wave-length range

from 2.5u to 5.0u have been obtained at the Solar
Physics Observatory, Cambridge, England (30 m above
M.S.L.) during the last week of July, 1948, using a spec-
trometer with a lithium fluoride prism and a Hilger-
Schwarz thermocouple as detector. They show convincing
evidence of the existence of nitrous oxide (N:0) in the
atmosphere above the observatory.

This region of the solar spectrum contains numerous
bands, many of which are intense absorptions due to car-
bon dioxide and water vapor, but bands at 3.90u, 4.06g,
and 4.50u agree in wave-length with known absorptions of
nitrous oxide! and 'give satisfactory agreement in position,
relative intensity, and contour with bands delineated in
the laboratory with the same spectrometer, using a Nernst
filament as source and an absorption cell filled with N;O.
Nitrous oxide also has other weaker bands at 3.57u, 2.974,
and 2.87u; these are concealed, in the solar spectrum, by
the water vapor bands in this region.

In the region around 4.0y in the solar spectrum, one
remarks immediately a doublet of moderate intensity
centered at 3.9u (Fig. 1a). Spectra taken at different solar
altitudes show a marked intensification of this band at low
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FIG. 1. (a) The solar spectrum from 3.7u to 4.2u. Complete absorption
beyond about 4.2u is due to COs. (b) Spectrum of sunhght. in the same
region, after passage through an absorption tube containing 7 atmos. /cm
of N20. (c) Spectrum of the radiation from a Nernst filament, in the
same region, after passage through 25 atmos./cm of N»O and about 4
meters of air. Absorption bands due to N20 at 3.90u and 4.06x and due
to CO: at 4.26pu.

solar elevations and, if the beam of sunlight is passed
through an absorption tube containing N:0O, the band is
intensified but unchanged in position and general appear-
ance (Fig. 1b). A comparison with this band, as obtained
from a laboratory source and known amounts of nitrous
oxide, indicates that the amount of N,O present in the
atmosphere above Cambridge is of the order of 1.0 atmos./
cm, which is in good agreement with the value estimated
by Sutherland and Callendar? from Adel's® work at
Flagstaff.

The 4.54 N:O doublet is a very intense band, but in the
solar spectrum it is partially masked by the CO, band at
4.3u which gives complete absorption over a wide region
of the spectrum. The central hump and longer wave-length
half of the N;O band are, however, clearly present and
confirm the evidence of the 3.9u-band (Fig. 2). The band
at 4.06u is a much weaker absorption, but its presence too
can be observed in the solar spectrum when the sun’s
altitude is low.

Bands at 7.8u and 8.6u, on which Adel® based his first
suggestion of nitrous oxide in the earth’s atmosphere, had
previously been sought by us, using a rocksalt prism, but
their presence in the solar spectrum could not be definitely
established. The region around 7.8y is largely masked, when
observing from such a low altitude station. by the edge of
the great 6.3u-water-vapor band. The 8.6u-band is a weak
one, and even in this region the solar spectrum shows a



