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ECENTLY Hutchison and Noble! have observed electronic
spin resonance in a KCl crystal colored with excess K. The
resonance is believed to be associated with F-centers, but one can-
not without confirmatory experiments exclude the possibility of
contributions from other types of centers.? They observed the
splitting factor g=1.9954+£0.001, which differs from the free
electron g=2.0023 by Ag= —0.00740.001. This shift, although
small, has significant implications for the angular dependence of
the ground state of the F-center electron. We show below that it is
not possible to account for the order of magnitude of the shift using
the standard theoretical model® of an S-electron in a central field.
The shift Ag may, however, be explained approximately if the
ground state has predominantly G-character, or if we use a
molecular orbital wave function representing the excess electron as
shared among the cations which bound the vacancy. The two
models are closely related, but the molecular orbital viewpoint is
perhaps more attractive on general grounds.

The spin-orbit interaction to the first order of perturbation
theory gives Ag=0 if the ground state has S-character. The non-
spherical components of the potential energy arise in large part
from the charges of the six K* ions adjacent to the vacancy; these
components mix the ground state with functions having L=4 and
higher. Writing the additions as ¥¢™, an improved ground-state
function may be written

V'=¢s +b(Yet+ve ), 1)

and the lowest excited state of interest here is expected to have the
form

Y'=ys" (et —ve™). 2

We neglect ¢¢° and terms with L>4. Both ¢ and ¢/" have Ag=0.
The spin-orbit interaction AL-S will mix some ¢’ in ¢’. If for
simplicity we set b=c, then for the perturbed ground state
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where A is the energy separation between the two states con-
sidered. We may safely assume that A is of the order of 1 ev, but
it is more difficult to estimate A. If we suppose that the yg¢!
function is chiefly concentrated about a circle passing through four
of the K+ ions surrounding the vacancy, we estimate A~ 10717 erg,
where the effective potential is taken as €2/7 with » measured from
the center. Then A/A=~107%, and in the limit 5>>1 we have
Ag=~—2X10"% For b=0.1, Ag=~—6X10"8, which is much too
small.

We must thus suppose that there is a strong mixture of G-
function in the ground state; there is no other possibility of
accounting for the observed Ag value. The difference between the
calculated maximum Ag=—2X10"* and the observed Ag~ —7
X107 may not be significant in view of the considerable un-
certainties surrounding the estimate of A made above. The
estimate using Eq. (7) below is closer, however.
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It thus appears that we might use a G-function as a starting
approximation rather than an S-function. The lowest energy
G-function? in the cubic potential of the six K* ions is non-
degenerate and transforms as x4+y*+2z¢, as does also the molecular
orbital,

6
V=2 Vi, ' 4)
i=1
proposed by Muto,® and Inui and Uemura,® for the F-center
ground state. Here ¢; is the wave function of the valence electron
when on the ith of the six neighboring K* ions.

On the molecular orbital model the important spin-orbit effects
arise through the electrostatic polarization of the K atoms by the
vacancy. The ground state of the valence electron on the K atom is
normally pure 4s, but the unsymmetrical electrical field associated
with the vacancy will polarize the K atom, thus mixing a large
amount of 4p function into the ground state. The polarized ground-
state function for the atom on the positive x side of the vacancy is

Yi=ys—(e/VI)(Yr'—y¥r™). )

The axis of quantization is taken along the zaxis. The other ¥;
will be composed of similar mixtures of 4s and 4p functions, taken
in such a way as to possess electric dipole moments in the direction
of the vacancy. Spin-orbit interaction with the other 4p states will
partially lift the quenching of the angular momenta of the atoms in
the x —y plane. In the presence of spin-orbit interaction AL- S, we
have to first order

—p— 1( M), e -1< _A)
Yi=vs V-Z-\PP 1+2A +\/Z‘//P 1 ) (6)
The change in the g-factor for the F-center will then be
' 4N &
=—0_c 7
M= T3 T @)

From the 4p doublet splitting of the K atom we obtain A=38 cm™.
For A we use the 4s—4p separation, which is close to the F-band
energy. With hydrogenic wave functions we estimate e=0.9,
which is consistent with an estimate on the basis of polarizability
of a K atom. We find Ag=—1.7X1073, of the correct order of
magnitude, but somewhat too small. It would be raised somewhat
by considering higher states.

We are indebted to Professor Hutchison for advance com-
munication of his results.
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MASS of facts!™8 is rapidly accumulating concerning the

existence of two classes of particles, the first with masses
intermediate between the m-meson and the proton, and the second
with masses greater than the proton. Unsystematized, these facts
tend to present a confusing appearance to a casual inspection. The
purpose of this note is to suggest a classification of all observed
particles, based on the properties of first-order wave equations, and
the existence, already suggested from several quarters,® of isobaric
excited states of the nucleon, and to propose a model for the
structure of the nucleon.
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