
lating current in an accelerator the use of a contractor
may prove to be valuable.

The magnetic and electrostatic fields of the beam also
inRuence the focusing of electrons in the beam. Damping
of oscillations about the equilibrium orbit results from
decreasing electrostatic repulsion within the beam, as some
of the circulating current is being lost to the walls. This
damping is of the same order of magnitude as the orbit
contraction in the example above.

j D. VV. Kerst and R. Serber. Phys. Rev. 50, 4V (1941); J. A.
Rajchman and W. H. Cherry, J.Franklin Inst. 243, 281 (1947).

s Leon Bess and A. O. Hanson, Rev. Sci. Inst. 19, 108 (1948).
II In process of pubiication by G. D. Adams.

X

s 6

NEUTROR PRODUGTI0R IN THE
ATMLÃ&KRE

RR4Xldntg

VP+ Q
0-%I4N
0-HALBAR
X"KQRPF 8 HAMMERhGH
h-A, Q,F
+ XGRFF a 00SAS

I0

sc'
sc I

e.'—$ +~

I IC

Ps'

IsI
C

a- tw' cocstss, nscssr i cocssr je- cslsjs~sstset otscer p
C - C4OSAS RFICIISK =

I%sr s@f PRBNQK ss Os I%

Fzc. 1. Neutron density as a function of pressure
in the free atmosphere.

The Neutron Density in the Free Atmosphere np
to 67,000 Feet*

LUKE C. L. YUAN

Princeto University, Princeton, Volte Jersey
June 22, 1948

INCE neutrons in cosmic rays cannot be considered as
~

~

~

~

~ ~ ~

~

primary particles because of their short lifetime, a
maximum in the intensity distribution of neutrons as a
function of the altitude must exist. Considerable work' '
has been done in the past to determine the neutron distri-
bution in the atmosphere, and the results obtained thus far
shorn that at low altitudes the slow neutron intensity in-

creases exponentially with the altitude up to about 20 cm of
Hg, with an absorption depth, X, of the order of 150 g/cm',
where ) is given by the expression N=¹exp( —x/)).

The following is a prehminary report on recent results
obtained at high altitudes where a maximum in slow
neutron intensity has been observed.

The measurements were carried out by sending aloft two
identical BFs proportional counters to an altitude of 67,000
feet by means of free balloons. These counters were filled
with enriched boron of 96 percent 8"to a pressure of 20 cm
of Hg, and they were operated a,t a voltage plateau centered
at 800 volts.

One counter m'as shidded with 0.030 inch of cadmium
a,nd the other counter was enclosed in a tin shield of the
same thickness for t:he compensation of possible efFects

20 30 40 50 60 70
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Fro. 2. Rate of neutron production in the atmosphere.

caused by stars produced in the cadmium shield. Both
shields were sealed airtight and were maintained at atmos-
pheric pressure throughout the Right, thus eliminating any
possible effects caused by corona discharge at the high
voltage terminals.

The measured neutron counts were radioed down by
means of a frequency-modulated telemetering system.

A calibrated fixed signal of constant amplitude was
switched on every 15 minutes for a period of 8 seconds.
This served as a check on the constancy of the amplifier
gain and the performance of the whole system.

The temperature and the pressure were measured by
means of a thermal resistor and an aneroid barometer,
respectively.

The measurements were recorded on a galvanometer-
type oscillograph, as well as by a scaling circuit arrange-
ment, whose readings were photographed automatically
every minute.

The results of this Right are collected in Fig. 1. This
shows the counting rate as a function of altitude. The upper
curve (A} is for the tin-shielded counter end the lower one

(&) for the cadmium-shielded counter. A maximum in the
neutron intensity has been obtained for both counters at
about 7 cm of Hg. The maximum intensity for slow
neutrons, obtained by taking the cadmium difference
(E„(0.4 ev), occurs at approximately 9 cm Hg (center
curve, C).

Up to 18 cm of Hg the neutron intensity increases
exponentially with the altitude, with an absorption depth
of 156 g/cm', which is in agreement with our previous
measurements at lower altitudes.

Our counter sensitivity was calibrated experimentally
through the courtesy of the Argonne National Laboratory
by using their standardized neutron source. The result of
the rather elaborate calibrations is that the efbciency of our
20-cm Hg counter for thermal neutrons is 6.8 percent. By
means of this calibration, the absolute values of the rate of
production of neutrons in the atmosphere per gram per
second are calculated from the expression given by Bethe,
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Neutron Absorytion in SN~arium
A. J. DRIPPER

Argent National Laboratory, Chicago, IQinois
June 28, 1948

" 'N a recent paper' it was shown that the large neutron
absorption ln samarium ls due to the isotope at mass

149. Since the alteration produced by the neutrons was
not very large, the experiment was repeated with a 4-mg
sample exposed in a thin layer of approximately 1 mg per
sq. cm to a much stronger neutron Aux. The isotope at
mass 149 was so reduced that it could not be detected.
One of ten mass spectra made with one milligram of the
sample is shown in Fig. 1, together with a mass spectrum
of normal samarium. The intensity of the isotope at mass
150 was greatly increased so that it appears approximately
equal to the one at 154. A faint gadolinium impurity
showed on the long exposures, with the two absorbing
isotopes at 155 and 157 missing.

Photometric measurements of the plates showed that
the densities at the masses 147, 148, 152, and 154 fell on
a normal photographic density curve indicating no changes
as a result of neutron absorption in any of these isotopes.
The new abundance at mass 150was found from four spec-

147 149
) 148 I iso

Exposed

ills I
Normal

VlG. l. Samarium isotopes altered by neutron absorption.

Kore, and Placzek. ' These values, as well as those calcu-
lated from recent results of Kore and Cobas, Agnew,
Bright, and Froman„are shown in Fig. 2. (The upper limit
of q cannot exceed twice the calcuhted value. )

The cadmium ratio, i.e., the ratio between the unshielded
and cadmium-shielded counters, is of the order of 2.2 over
the depth from 22.8 cm of Hg to 4 cm of' Hg. This is in

agreement with Agnew, Bright, and Froman's4 results.
The author wishes to express his gratitude to Professor

R. Ladenburg for many helpful discussions, to Mr. D. B.
Davis, who is responsible for the designing and building of
the balloon equipment and to members of' the Ordnance
Research Laboratory who helped to make the flight a
successful one.

~ This report is based upon work performed under Contract N6onr-
270 with the CNSce of Naval Research at the Ordnance Research
Laboratory of Princeton University.

~ E. Funfer, Natu+miss. 25, 235 {1937);E. FQnfer, Zeits. f. Physik
111,Mi {1988)",S. A. Kore and B. Hamermesh, Phys. Rev. 69, 155
{1946).

g H. A. Bethe, S. A. Korff. and G. Placzek, Phys. Rev. SV, 573
{1940).

I S.A. Kor8 and A. Cobas. Phys. Rev. V3, 1010 (1940).
~ H. M. Agnew, Vf. C. Bright, and Darol Froman, Phys. Rev. 2'2,

2O3 (i947').

tra to have increased to 21.2+0.4 percent. The normal
abundance at 150 is 7.47, and at 149, 13.84 percent, the
sum being 21.3 percent. This shows that within the experi-
mental error the isotopes that disappear at mass 149
reappear at mass 150. The absorbing cross sections of the
other isotopes were estimated to be less than one percent
of that of the isotope at mass 149.

~ R. E. Lapp. J. R. Van Horn, and A. J. Dempster, Phys. Rev. 71,
745 {1947).

The Origin of Elements and the Seyaration
of Galaxies

G. G~ow
George R'ashiegton University, 6'ashiegtos, D. C.

June 21, 1948

&HE successful explanation of the main features of
the abundance curve of chemical elements by the

hypothesis of the "unfinished building-up process, ""per-
mits us to get certain information concerning the densities
and temperatures which must have existed in the universe
during the early stages of its expansion. Ke want to discuss
here some interesting cosmogonical conclusions which can
be based on these informations.

Since the building-up process must have started with the
formation of deuterons from the primordial neutrons and
the protons into which some of these neutrons have de-
cayed, we conclude that the temperature at that time must
have been of the order To—10' 'K (which corresponds to
the dissociation energy of deuterium nuclei), so that the
density of radiation nT4/c' was of the order of magnitude
of water density. If, as we shall show later, this radiation
density exceeded the density of matter, the relativistic
expression for the expansion of the universe must be
written in the form:

d 8' oT4 )

where / is an arbitrary distance in the expanding space,
and the term containing the curvature is neglected because
of the high density value. Since for the adiabatic expansion
T is inversely proportional to /, we can rewrite (1) in the
form:

d T' 8xGo

or, integrating:

32Wo' t

For the radiation density we have:

3 1

32M t2.

These formulas show that the time to, when the temperature
dropped low enough to permit the formation of deuterium,
was several minutes. Let us assume that at that time the
density of matter (protons plus neutrons) was p
Since, in contrast to radiation, the matter is conserved
in the process of expansion, p,~. was decreasing as
I '~7'~t &, The value of p, t. ' can be estimated from


