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Table II. &E (in MeV) for P states (~& = 8.5 MeV).

Sp0 Sp 3p

Present Present Present
theory Elliott theory Elliott theory Elliott

0 —0.92 —1.36
1 —0.93 —1.25
2 —0.70 —0.82

0.67
1.03
1.31

0.88
1.16
1.45

—0.44
—0.88
-1.20

—0.49
—0.89
—1.17

his matrix method, for tensor coupling. The
present method agrees with reaction-matrix
methods about as well as they agree with each
other. To correct for the omission of Pauli
and binding effects, knowledge of the wave func-
tion, and therefore, of the two-nucleon inter-
action, would be necessary. It seems likely
that the present method is accurate in the treat-
ment of the tensor force, which has caused
some trouble in reaction-matrix calculations.

Lastly, we compare our calculation of AE+)pj
for the states 'P, »with those of Elliott, Mav-
romatis, and Sanderson (Table II of Ref. 5),
both for hv =8.5 MeV, in Table II. The results
are qualitatively similar, which suggests that
there may be a weak pseudopotential, which
satisfies the requirements of the theory of El-
liott, Mavromatis, and Sanderson, and which
approximately gives the low-energy I' phase
shifts in the Born approximation.

The author is grateful to H. McManus for un-
published results. '
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VARIABILITY OF ELEMENTARY CHARGE AND QUASISTELLAR OBJECTS
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In my recent paper, ' I made a suggestion
that Dirac's numerical relation

2

, =1.24x10"=t
yM' pres. '

where e is the elementary charge, y the gra-
vitational constant, M the mass of a nucleon,
and where tpres is the present age of the uni-
verse expressed in elementary time units X/c,
may be interpreted by the assumption that, while

y remains constant, e' increases proportion-
ally to t. I have suggested that this possibili-
ty may be tested by observing the value of the
fine structure constant a =2me'/hc in the dis-
tant galaxies. When making this suggestion,
I was unaware that the test had already been

made by Bahcall, Sargent, and Schmidt in their
studies of the absorption spectrum of 3C-191.'
At the end of that paper they write the follow-
ing:

"We find that: o(z =1.95)/o(z =0) =0.94, 0.97,
and 1.01, respectively, for the Si II lines near
~1260 and X1527 and the Si IV lines near 11394.
We conclude that a(z =1.95)/o. (s =0) =0.98+0.05."

This indicates that although all lines of the
spectrum are lengthened by a factor 2.945+ 0.001,
the separation between the fine-structure com-
ponents of three doublets remains constant with-
in 5%. The interpretation of this result is,
however, somewhat uncertain due to the fact
that there is still no general agreement con-
cerning the nature of the celestial object in
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question, and, in particular, opinions are di-
vided between the possibility of their cosmo-
logical or local interpretation.

I want to suggest here that the absorption
spectra of the quasistellar objects (QSO) orig-
inates neither in their "atmospheres" nor in
the intergalactic space, but rather in the in-
dividual galaxies through which their light pass-
es on the way to us. In fact, if one assumes
that QSO are located exclusively at very large
(cosmological) distances from us, one can eas-
ily show that the probability of their occulta-
tion by the galaxies located somewhere between
them and ourselves is very high. If one assumes
that the distances between the neighboring gal-
axies are about a hundred times larger than
their diameters, and that these distances are
of the order of a few million light years, one
finds that the "free path" of the light ray com-
ing from QSO is (10')'x 10' —= 10" light years,
i.e., comparable with the observable part of
the universe. The expansion of the universe
will put the larger weight on the absorption
in more distant galaxies.

This interpretation would explain why the
absorption spectra of QSO are strikingly sim-
ilar to the space absorption within our Milky
Way. It also may explain their peculiar vari-
ability which, in this case, will not speak any
more for the intrinsic variability at the source
than the observed twinkling of stars speaks
for their intrinsic variability. However, the
problem of variability of elementary charge
still remains open pending the definite solution
of the nature of @SO and the study of pleochro-
ic halos in old rocks which may reveal the chang-
es of the energies and the decay constants of
the natural radioactive elements. '~'

In view of these new arguments, the problem
of variability of the universal constants can
be reformulated in the following way. One as-

sumes as the "natural" system of units the
velocity of light c, the quantum constant 0,
and the elementary length X(=10 " cm) which
presumably do not change with universal time.
This leads to the following "true secondary
constants":

(1) The mass of heavy particles

M= a/xc =-10-"g.

(2) The range of nuclear forces (strong in-
teractions)

yo =~ —= 10 ' cm.

(2)

(3)

(3) The strength (depth of the potential well)
of nuclear forces

V, =—hc/X =—10 'erg —=100 MeV.

(4) Fermi's constant of the weak interaction

g=gfgg =5x10 eerg cm .
For purely electromagnetic quantities, which
may be time-dependent, we have the elemen-
tary charge

e - st (possibly)

and the electron's mass

m - t (possibly).

The latter possible assumption is made to keep
the "classical" radius of the electron e'/mc'
equal to the (constant) elementary length x.

It is my pleasant duty to express thanks to
Philip Morrison for an encouraging discus-
sion of the foregoing topics.
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