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The Hubble Deep Field uncovered much fainter objects in the universe (down 1o nearly 30th magnitude)
than seen previously from ground-based telescopes,. Some of the dim objects along Hubble's line-cf sight
may be intnnsically faint, foreground galaxies, (thers, however, are dim because they are

extremealy distant. Some of the laintest galaxies in the survey existed when the universa was a fraction of
it's present age.
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Lemaitre (1927 vs.1931)

Therefore
v _ Oty _ Ry 2
= = 8’1— I = R, 1 . . . (22)

is the apparent Doppler effect due to the variation of the radius of the
universe. It equals the ratio of the radii of the universe at the instants of
observation and emission, diminished by unity.

v is that velocity of the observer which would produce the same
effect. When the light source is near enough, we have the approximate
formulee

v Ry,—R, dR R R’

o e am —— am e} = ——
¢ R, R R R’
where 7 is the distance of the source. We have therefore
R’ v
B == ; " : . (23)
From a discussion of available data, we adopt
% = 068 x 10727 ¢m.”? . . . (24)

Utilisant les 42 nébuleuses figurant dans les listes de Hubble et de
Stromberg (%), et tenant compte de la vitesse propre du soleil (300 Km.
dans la direction o = 315°, d = 62°), on trouve une distance moyenne de
0,95 millions de parsecs et une vitesse radiale de 600 Km./sec, soit
625 Km./sec a4 10° parsecs (*).

Nous adopterons donc

R’ v 625 % 10°

_— e : ) .68 X 10-%7 em ! (24)
R = 7c = 10°%3.08 X 10% X 3 X 107 — 10 ’ - :

Text tra
by Eddi

original
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PHYSICAL REVIEW

Letters to the Editor

UBLICATION of brief reports of important discoveries

in physics may be secured by addressing them lo this
department. The closing date for this department is five weeks
prior to the date of issue. No proof will be sent to the authors,
The Board of Editors does not hold itself responsible for the
opinions expressed by the correspondents. Communications
should not exceed 600 words in length.

The Origin of Chemical Elements

R. A. ALPHER*

Applied Physics Laboratory, The Johns Hopkins University,
Silver Spring, Maryland

AND
H. BETHE
Cornell University, Ithaca, New York
AND

G. Gamow
The George Washington University, Washinglon, D. C.
February 18, 1948

S pointed out by one of us,! various nuclear species
must have originated not as the result of an equilib-
rium corresponding to a certain temperature and density,
but rather as a consequence of a continuous building-up
process arrested by a rapid expansion and cooling of the
primordial matter. According to this picture, we must
imagine the early stage of matter as a highly compressed
neutron gas (overheated neutral nuclear fluid) which
started decaying into protons and electrons when the gas
pressure fell down as the result of universal expansion. The
radiative capture of the still remaining neutrons by the
newly formed protons must have led first to the formation
of deuterium nuclei, and the subsequent neutron captures
resulted in the building up of heavier and heavier nuclei. It
must be remembered that, due to the comparatively short
time allowed for this process,! the building up of heavier
nuclei must have proceeded just above the upper fringe of
the stable elements (short-lived Fermi elements), and the
present frequency distribution of various atomic species
was attained only somewhat later as the result of adjust-
ment of their electric charges by g-decay.

Thus the observed slope of the abundance curve must
not be related to the temperature of the original neutron
gas, but rather to the time period permitted by the expan-
sion process, Also, the individual abundances of various
nuclear species must depend not so much on their intrinsic
stabilities (mass defects) as on the values of their neutron
capture cross sections. The equations governing such a
building-up process apparently can be written in the form:

dn; .

E‘E’f(‘)(di-mu'—l—enm) i=1,2,-.-238, (1)
where n; and a; are the relative numbers and capture cross
sections for the nuclei of atomic weight 7, and where f() isa
factor characterizing the decrease of the density with time.

VOLUME 73,

NUMBER 7 APRIL 1, 1948

We may remark at first that the building-up process was
apparently completed when the temperature of the neutron
gas was still rather high, since otherwise the observed
abundances would have been strongly affected by the
resonances in the region of the slow neutrons. According to
Hughes? the neutron capture cross sections of various
elements (for neutron energies of about 1 Mev) increase
exponentially with atomic number halfway up the periodic
system, remaining approximately constant for heavier
elements,

Using these cross sections, one finds by integrating
Egs. (1) as shown in Fig. 1 that the relative abundances of
various nuclear species decrease rapidly for the lighter
elements and remain approximately constant for the ele-
ments heavier than silver. In order to fit the calculated
curve with the observed abundances® it is necessary to
assume the integral of p.d! during the building-up period is
equal to 5X10* g sec./cm?.

On the other hand, according to the relativistic theory of
the expanding universe! the density dependence on time is
given by p==108/f2. Since the integral of this expression
diverges at t=0, it is necessary to assume that the building-
up process began at a certain time fo, satisfying the
relation:

_f:’ (105/8)dE25 % 10, @

which gives us #2220 sec. and po==2.5 X 105 g sec./cm?. This
result may have two meanings: (a) for the higher densities
existing prior to that time the temperature of the neutron
gas was so high that no aggregation was taking place, (b)
the density of the universe never exceeded the value
2.5%10% g sec./cm?® which can possibly be understood if we

(7] 0 100 50 200 250

FiG. 1.
Log of relative abundance
Atomic weight
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Every raisin in a rising loaf of raisin bread
will see every other raisin expanding
away from it.

Draw spats an a balloon to
represent galaxies in the universe,

&5 you blow up the balloon, the
“galaxies” move further apart,
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PRESENT
13.7 Billion Years
after the Big Bang

The cosmic microwave background Radiation’s
“surface of last scatter”is analogous to the
light coming through the clouds to our

eye on a cloudy day.

We can only see
the surface of the
cloud where light
was last scattered
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2MASS Redshift Survey (2MRS)
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