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histograms give essentially the same result: They
do not favor the zero end of the scale appreciably
and are consistent with a uniform distribution.
Thus the mass spectrum predicted in reference 1
does not seem to have much experimental verifi-
cation. The above procedure should be useful for
testing any future mass-spectrum predictions.
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The generalized Kemmer and Dirac equations
proposed in an earlier paper' have been ex-
amined for their possible relevance to the par-
ticles and resonances of spin 0, 1, and 2 ob-
served in nature. The generalized Kemmer
equation may be written in terms of two param-
eters m and m, in the form

[iP p +mc -m cP ']/=0,
0 p, v

where p p=[p yPp]~ Ppp =[Pp yPp ]y and [Pgyip
=0. The current density is assumed to be

it would be expected that the shape of the curves
of Fig. 1 would be materially charged when
interactions and radiative corrections are taken
into account in the corresponding quantized field
theory. Nevertheless, as an example of the
states which are given by the classical field
theory, Table I includes the numerical values
of the rest energies for the particular choice
m = 940 MeV (=m~), mo =am = 150 MeV. It is ap-
parent from Fig. 1 that, for this choice of the

l,4
= aic0c0*8404 (1+85')P (2)

where q& =2P -1 and g
' = g 'g 'g 'q '.

easily verified that j is conserved. The proba-
bility current

=icg*q q 'P44 p.

is also conserved. For charged states (g, '=+1)
the total charge Q is proportional to the total
probability, which in the classical theory is not
positive definite:
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whereas for neutral states (q, ' =-1) we have q =0,
as required.

The rest energies of the various states obtained
from Eq. (1) are shown in Fig. 1 in terms of
the unit me~ and as functions of the parameter
a=ma/m. Each curve in Fig. 1 is labeled by
the spin of the state together with a notation
(0 or +) which indicates whether, according to
Eq. (2), this state is neutral or charged. Alge-
braic expressions for these energy levels are
exhibited in Table I.

These expressions represent the eigenstates
of the bare Hamiltonian defined by Eq. (1), and
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FIG. 1. Rest-energy eigenvalues of Eq. (1) in terms
of the unit mc2 and as functions of the parameter a=mo/
m. For each level the first number in parentheses
gives the spin and the second denotes the electric
charge. The vertical dashed line indicates the value
of a used in Table I.
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Table I. Spin charge and mass eigenstates of Eq. (1) and the numerical values of the rest energies for the partic-
ular choice m =940 MeV, mo=am=150 MeV.

Charge

Theory
Mass

(units mc~)

1+2a
(1+4a)~'

Mass
(Me V)

1240
1203

940
940

891

Possible
identification

y(0)

a

Spin Charge

Experiment
Mass
(M.eV)

1250
1160

990

790

(1 -4a)(1+2a)'
(1 -2a)

(1+2a)(1 —4a) 746 pD

750

f.(1-«)(1-4a')1
(1+2a) &~'

(1-4a)
( )

(1 —6a)(1+2a) &,
~

(1- 4a)

[{1-4a){l-6a){1+2a)l '
(1-8a) ~~

536

370

134

imaginary

550

560, 400

135

138

See reference 4.

parameter a, the positions of the three lowest
rest-energy levels are very sensitive to small
changes either in the shape of the curves or in
the value of a itself, and, in fact, for this value
the lowest state has an imaginary rest energy.
Apart from these states, the numerical order of
the eigenvalues is independent of the parameters
over a relatively wide range of values of a. For
this reason, a possible identification with ob-
served particles is also listed in Table I, but
further experiment and theory are both neces-
sary before it can be stated that such an identi-
fication is meaningful.

The particles listed in Table I have zero
strangeness, but boson eigenstates of a differ-
ent type arise from the generalized Dirac equa-
tion2

%ith the same choice as before for the coefficient
of the extra terms (mo' = m~ =150 MeV) but with
a smaller value (m' = 800 MeV) of the constant
term in Eq. (4), this equation describes a particle
which can exist in a spin-zero state with rest en-
ergy 530 MeV or in an excited spin-one state with
rest energy 870 MeV. Although little significance
can be attached to the similarity of these masses
to those of the K and K* mesons, the charges as
well as the spins of these states appear to cor-
respond to the observed results. The probability
density S and the current density j which are
conserved according to Eq. (4) may be assumed
to be

44 p.
'

j =zie cg*y y '(1+iy ')y

where

(iy P +m'c -m 'c~ e ')$=0,
0 pv pv

(4)
If we write y~'= p~', y5'= p~', it follows that the
charge Q is given by

and [y, y ]=0. This equation leads to only two

rest-energy eigenstates:

where

Q=e (—'S+i), (8)

W=*c~[m'(m'+mo')]"' for spin 1,

%=ac [m'(m'-3mo')] I for spin 0. and where, according to Eq. (4), S and ie are
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separately conserved. With the Pauli represen-
tation of the operators p, ' and ps', interchange
of the two components of g changes the sign of S,
and a change of the relative sign of the two com-
penents of P changes the sign of ta .The strange-
ness thus appears simply as the total probability
[S = (i-/c) IS~d V] which in the classical field theory
can be normalized to +1 for particles and -1 for
antiparticles. Equation (4) therefore leads to the
correct spins, masses, and conjugate doublet
structure for both K and K* mesons. Associated
production of a K and K, a K* and K, or a K*
and K* would then conserve probability, and
hence strangeness, but the disintegration of a
single K or K* would not.

There are no rest-energy eigenstates of Eq. (I)
or Eq. (4) other than those listed above, but
states of spin greater than 2 or charge greater
than 1 would occur in the theory in which P»'
of Eq. (1) were replaced by the sum of two com-
muting Kemmer spin operators. Such a theory
would also include some new eigenstates of spin

0, 1, and2.
Predictions of the present work are that the

spin of the & particle is unity, and the spin of
the f@' is 2. In addition, the highest E'~ reso-
nance observed by Shalamov and Grashin~ would
have spin 2, and the second highest would be a
mixture of spin-0 and spin-1 states.
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