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From the terrestrial occurrence of the nuclei Re!®" and 0s!®7, it is deduced that the
elementary unit of charge e cannot have varied by as much as one part in 1600 during

the history of the earth.

Gamow! has recently proposed the hypoth-
esis that the elementary unit e of charge should
increase with time according to the law

e’~t, 1)

where ¢ is the time elapsed since the beginning
of the universe. This proposal was made in
order to revive the old idea of Dirac? accord-
ing to which the two dimensionless numbers

e*/Gm?, tmc®/n, )

which are presently both of the order 10%,
should increase proportionally as the universe
evolves. Here G is the constant of gravitation
and m is proton mass. Dirac supposed that
e?/Gm? would increase through a decrease of
the strength of gravitational forces according to

G~t71, (3)

However, various geophysical and astrophysi-

cal considerations® argue against (3), and so
Gamow suggested (1) as a substitute. Indepen-
dently, but impelled by the same desire for
economy of large dimensionless ratios in the
laws of physics, Teller® has suggested that

e might decrease with time according to the
law

(7ic/e?) ~ In(tmc?/7), (4)

so that “137” would be roughly equal to the log-
arithm of the big numbers (2). I present here
a simple argument from nuclear systematics
which excludes both possibilities (1) and (4).

On the earth there exist® substantial quanti-
ties of the stable isotope Os®” and of the 3-ac-
tive isotope Re'™, which decays to Os'®’ with
a half-life of 4X10' y and a decay energy A
=2.6 keV. According to the semiempirical mass
formula,® the energies of the two atoms contain
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a Coulomb term

EC=O.GZZA'1/3 MeV (5)

which is proportional to e?, together with oth-
er terms independent of e® which represent
nuclear binding. The energies will not be ex-
actly linear functions of e?; in particular the
neutron-proton mass difference must be assumed
to vary with ¢® in some unknown way. Howev-
er, the term E. is so large, and so well in agree-
ment with observed nuclear binding energies,
that any nonlinear electromagnetic effects must
be comparatively insignificant. I therefore
assume that the variation of A with ¢® comes
entirely from the variation of E.. Thus
e?(dA/de?) = (Ec)Re'(Ec)OS =-15.8 MeV, (6)
with a theoretical uncertainty which may be
conservatively estimated as +10%. The essen-
tial point is that A is a difference between two
large quantities, the Coulomb energy and the
nuclear binding, and the difference can be small
only for a narrow range of values of €2

The Re™® on the earth would not have sur-
vived if the half-life for its decay had been
as short as 2X108 y during the early history
of the earth, say 3x10° y ago. But the half-
life for B decay between given nuclear states
decreases at least as fast as A72'8% a5 A in-
creases.” Therefore, the value of A 3x10°
y ago cannot have been greater than (200)°-353
=6.50Xits present value. This implies that

(da/dt)=-4.75%10"° keV /y, (M
and hence by (6)
(1/e%)(de?/dt)<3%10718 y~1, 8)

The growth of e® according to (8) has been at
least 300 times slower than Gamow’s propos-
al (1).

In this derivation of (8) I assumed that the
Fermi interaction constant g did not vary. A
numerological argument based on the magni-
tude of g2 and (2) suggests the possibility

g2 ~ tl/z’ (9)
while Gamow"’® suggests that perhaps
g2~1t, (10)

Even the extreme assumption (10) does not change
(8) significantly. If (10) were valid, the decay
rate of Re'® 3X10° y ago would be reduced by

a factor 4, and this would allow A to have been
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greater only by a factor 4°-3*3=1.63. The up-
per bound (8) would consequently be increased
by less than a factor 2.

Another weakness of my argument is that I
assume an age for the earth which is based
on the assumed constancy of radioactive decay
rates. I chose 3X10°y as a safe lower limit
for the age, allowing for some variation of
rates. Even if one takes a lower limit 1X10°
y set by purely stratigraphic considerations,
the effect on (8) is only a factor 3 on the right-
hand side.

In discussing the possibility (4), one has to
consider the electron-capture decay of Os™’
which would occur if A became negative. When
A is minus a few kilovolts, the capture occurs
only from the outer shells of the osmium atom,
and the theory of it is complicated. A compar-
ison of the electron density in the osmium atom
with the density in phase space of the contin-
uum electrons emitted by the rhenium gives
the relation®

(wEC/wB)~1 (11)
between the electron-capture and beta-decay
rates at the same value of |Al, provided that
Al is small compared with the K-electron bind-
ing energy (76 keV). The osmium decay at A
=-2.6 keV would thus be about as fast as the
rhenium decay at A=+2.6 keV. Since the osmi-
um has survived for 3x10°y,°

(1/e?)(de?/dt)>-4x10718 y~! 12)

by the same argument which led to (8). The
hypothesis (4) would imply that

(1/e?)(de?/dt) = -11x1071 y~1, (13)

and is therefore excluded, although the margin
of safety is not so wide as in the case of (1).
Both of the inequalities (8) and (12) could be
improved substantially by using accurate infor-
mation concerning the natural occurrence of
rhenium and osmium isotopes. For example,
suppose that it is found that in some suitably
old rocks Re®” occurs with less than 109 of
radiogenic Os™’, and that Os™" sometimes oc-
curs with less than 10 % of Re'®. Then one
could use 2X10' y instead of 2X10% y as a low-
er limit to the half-lives of the two isotopes
3x10° y ago. Consequently (8) would be improved
by a factor 20, and (12) by a factor 3. Infor-
mation more precise than this concerning the
isotopic composition of old rocks may well be
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available.

The foregoing arguments have all assumed
that the nuclear forces remained constant while
the Coulomb forces varied. The arguments
would fail if the nuclear forces had varied in
precisely the right way to preserve the delicate
balance between the Re™® and Os™’ energies.
There are two reasons why I do not believe
in an exact compensation between varying e®
and varying nuclear forces. (1) The nuclear
binding energy is a strongly nonlinear function
of the strength of the nuclear interaction, be-
cause of the short range of the forces, where-
as the Coulomb energy is approximately linear
in €%, (2) There are a number of other beta-
active nuclei besides Re’® which could not have
survived any strong variation of ¢?. Re' gives
the tightest numerical bounds, but each of the
species® V%, Rb*, Te'?3, La'*®, and Lu'" gives
weaker inequalities similar to (8) and (12).

It seems overwhelmingly improbable that a
precise balance between varying nuclear and
Coulomb energies could be preserved in all
these cases simultaneously.

I am grateful to Professor Gamow for a let-
ter in which he discusses additional arguments
that have been raised against his proposal (1).

*On leave of absence from the Institute for Advanced
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%The precise connection between wEgc and wg may be
written as

wB(lA|)=folAlde(lA|—€)ZS(e),
w-lah= [ Al (1a 1—eys (o).

Here the electron energy is mc?+e, with the plus sign
for B decay, the minus sign for electron capture. The
neutrino energy is lAl—¢ in both cases, and S(x¢) is
the density of squared matrix elements for electron
Coulomb wave functions with energy mc2+e, Although
S(x) is a continuous function for positive x and a dis-
crete sum of 6 functions for negative x, the correspon-
dence principle ensures that its average strength is
continuous across x=0. Thus the average wB(IA Iy and
wrc- IAl) will be approximately equal so long as the
states contributing to w go(—IlAl) are close to the con-
tinuum. The equality fails completely when |Al is so
large that the K electrons contribute to wpa(—lAl). - An
analogous situation exists in the theory of photoelectric
excitation of electrons into bound and free states; see
H. A. Bethe and E. E. Salpeter, Quantum Mechanics of
One- and Two-Electron Atoms (Academic Press, Inc.,
New York, 1957), pp. 308 and 335.

9 assume here that not all of the existing Os
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checked by isotopic analysis of osmium from various
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In a recent Letter, Gamow! suggested that
e? increases in time, in direct proportion to
the age of the universe. The purpose of the
present note is to rule out such a possibility
on the basis of geological evidence.

If Gamow’s hypothesis were true, then a pre-
Cambrian chart of nuclides would have looked

very different from a modern one. The stable
heavy elements would have N/Z ratios much
closer to 1 (because the deviation of N/Z from

1 is due to the electrostatic repulsion between
protons).? For instance, if e? were just a few
percent lower, then U238 would be unstable against
double beta decay to Pu?®®, and a further decrease
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