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The simplest relativistic wave equations for a particle which in the classical limit possesses moments of
inertia about more than one axis are Dirac and Kemmer-Duffin equations containing extra terms which
cause these equations to describe a variety of spin states. The classical field theory of such wave equations
is developed and the generalized Dirac equation for particles of spin 4 and % is examined in detail. Tt is
found that with the choice of two parameters, one of which merely determines the scale, this equation not
only correctly describes the spin and charge states of the particles and resonances ==, 20, n, p, N*¥,
N**0; it also yields their masses correct to better than 29%,. The Z~—=° and #»— p mass differences have
the correct sign but are several times their observed values. Choice of one other parameter to give the cor-
rect n—p mass difference would lead to even better agreement with experiment for the other states, but
would also lead to proton and neutron isobars lying 20 MeV ahove the ground state.

I INTRODUCTION

ACH level of theoretical effort, from Newtonian

physics to relativity to relativistic quantum field
theory, is solidly based on the discipline which pre-
ceded it. The correspondence principle shows us how
each quantum theory has its classical point-particle
limit, and how each second-quantized theory has its
classical field-theoretic limit. It is reasonable to expect,
then, that a dynamical theory of elementary particles
and nuclear forces will also have its roots in classical
mechanics and quantum mechanics.

For some years there has existed, within the approxi-
mation of classical relativistic particle mechanics, a
theory of the dynamics of a spinning particle which
possesses moments of inertia about more than one axis.!
As a consequence of the equations of motion for such a
particle, it was found that the mass of the particle is
not required to be a constant of the motion and that
the intrinsic spin angular momentum is the sum of two
vectors, along and perpendicular to the angular ve-
locity.? For the case of a pure gyroscope, for which the
moments of inertia about all axes normal to the spin
axis are zero, the theory reduced to the classical limit
of the Dirac and Kemmer-Duffin theories, in so far as
it is possible to distinguish spin and quantum effects
in going to this limit.

More recently, the quantum theory corresponding to
the more general case was formulated.®? The essential
features of the more general classical case were shown
to be retained in the quantum theory. The variable
mass of the classical particle theory became an operator
in the corresponding quantum theory, and, as in the
classical case, the spin became the sum of two operators,
one of which is the usual spin operator. Thus, the
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generalized Dirac equation, for example, now includes
an extra term and may describe a particle of spin other
than 3.

In Ref. 3, the laws of conservation of momentum and
angular momentum were shown to lead to an expres-
sion for the mass operator, so that we obtained the
relativistic wave equation

(teuPut+Mc)y=0, (1.1)
where
Py=p.—(e/c)4,, (1.2)
M=m~+moep\p+m e, ’
and m, m,, and m are arbitrary parameters.
The spin of the particle is now
Sup= "‘ih(ew"}')‘w) ’ (1.3)
where
[éuwe«f]z €u0ys— €040, (1.4)
[)\HW)\V:I:}\I‘BW’—)\VBWI )
[G;Lyyfa‘r:]= - (fpa6v1+ eyrapa_ Gnravn'—' Euaapr) ) (1.5)

[)\Mr,)\v‘rjz - (Auaavr_i")\v‘réua—)\pr&va_)\vwau'r) )
Lewn, =0, [GWJ\M] =0;
hence, [S,,,M]=0.

For m’=0, the theory exhibits a detailed corre-
spondence with the classical theory. The classical point-
particle equations relating the spin S,,, angular ve-
locity w,,, and mass M are':?

S =TIc(@p~+ L) =— (2,P,—2,P,),
(vuvu=—1),

Tp=Vu,

. 1.
Q= — (/1) (priirr—irains) (1.6)
M= (x/21®)éuS 0y

M= — (k/46)wuéut+m. (1.7)

These may be compared with the similar equations
derived from (1.1) for m’=0:

Suv= _ih(éﬂ.v—{_‘)\pv): —i(éypy- e,,P,,) ,

Tp= V=16,

. 1.8

)\,“,;— - (Zlm()c/h) (éuv)\av_ Eva)\ay) ) ( )
M= (imoc/h))‘wsw ,

M=moewhu+m. (1.9)
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If we write
Tcwy,= —1he,,,
IcQu=—1t\,,
Pk = 20moc* I\,

we note that each of Egs. (1.6) becomes formally iden-
tical with the corresponding equation of (1.8) and that
(1.7) assumes the form of (1.9), apart from a factor 2.

Equations (1.5) are satisfied if €,, and \,, assume the
form of either of the operators

TY=1(vv,—770) (1.10)

Bu=BuB—BBu, (111)

where v, and B,, respectively, satisfy the Dirac and
Kemmer-Duffin commutation relations

or

'Yu'YP+'Yv'Yu= 26;” )
6#6V60+603Yﬁ}1=3#6v0+606pv .

Equations (1.4) are then satisfied if €,, A, are propor-
tional to either -y, or 8,.

If ¢, is given by (1.10) and ¢, is a constant times vy,
Eq. (1.1) becomes a generalization of the Dirac equa-
tion to describe a particle of spin given by (1.3),

Swp=—%h(v+Mw). (1.12)

On the other hand, if e,, is given by (1.11) and e, is
a constant times 3,, Eq. (1.1) becomes a generalization
of the Kemmer equation to describe a particle of spin

Suv= “ih(B,w'}‘)\“y). (1.13)

If the A\, are also of the form (1.10) or (1.11) (in a
different space, since they commute with e,,) the
generalized Dirac equation will then describe particles
of spin 0, %, 1, £, and the generalized Kemmer equation
will yield all values of the spin up to 2. More general
forms for A,, lead to particles of higher spin.

In this paper, we first develop the classical field
theory of the generalized Dirac and Kemmer equations
derived from Eq. (1.1) when M is any Hermitean
operator which commutes with P, but not with ¢,. We
then consider in detail the particle states of spin % and §
obtained from the special case of the generalized Dirac
equation when we set Ay=p8,, Apy=8, in Eq. (1.1):

(iéuPu+mC+moceuvﬁul""m,“uﬁu)%b= 0, (114
with

ee,=1 [cf. (1.6), (1.8)].

| In general, this equation leads to eight distinct eigen-
values for the rest-energy of particles of spin 4 and four
such eigenvalues for particles of spin %, but for the
special case m'=0, which exhibits a closer correspond-
ence with the classical point-particle theory, there are
four mass eigenvalues for spin % and two for spin £.
For m'=0, ns=nmmsns commutes with the Hamil-
tonian (9,=28,2—1) and it is found that neutral
particles are characterized by ns= —1, charged particles

=1 =1
€EL=%Yuy Ew=4Vur,
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by ns=-+1, the charge density being —eof*na(1-+ns)¢.
For m'=0, me=—%m, Eq. (1.14) becomes

LiewPutme(1—% X ucr €uBu) W=0.  (1.15)
It is shown in this paper that for the choice m=1297m.
=m,/V2 of the parameter m, Eq. (1.15) with e,=3v,
correctly describes the charges and spins of the hyperons
and resonances E-, E°, n, p, N***+ N*0 (assuming
spin % for E). In addition, the equation leads to mass
values of these states which are accurate to better than
29%,. The neutron described by Eq. (1.15) is found to be
heavier than the proton, and the E~ heavier than the E°,
although the magnitudes of these mass differences are
several times the observed values. Hyperons of strange-
ness =1 are not described by this special case of Eq.
(1.1) and a study of the other fermions and bosons given
by Eq. (1.1) is in progress.

While one should not expect greater accuracy from a
classical field theory, the case in which »’ is a small
imaginary quantity has also been investigated. The
choice m’=24im,, coupled with the values m=1297m,,
mo=—%m as before, not only gives the correct values
for both m, and m, and their difference, it also ma-
terially improves the agreement with experiment for
the masses of other particles described by this equation.
However, such a nonzero value for " would split the
proton-antiproton state, giving an excited level of the
proton (and its corresponding antiproton) lying ap-
proximately 20 MeV above the ground state. An
excited neutron state lying at approximately the same
height above the ground state would also be predicted
by the case m'=24im,, together with some fine struc-
ture for the E° and N** states.

We emphasize, however, that the main purpose of
this paper is to describe the simple generalization of
classical field theory which is required if the mass is an
operator which commutes with the momentum but not
with the v or 8 matrices, and to give an example of the
hierarchy of states to which it leads. Unless more de-
tails emerge correctly from the corresponding quantized
field theory, it would be premature to identify these
states with those observed in nature.

II. FIELD THEORY OF GENERALIZED DIRAC
AND KEMMER EQUATIONS
We first consider the equation
(Yuduto)¥=0, 2.1)

where <y, are the Dirac operators and « is an operator
which commutes with d,, but not with v,. We define

11/1 = W/*’Y‘&X )
where x is an operator possessing the properties

D60x1=0; [x7.1=0; [vax,x]=0. (2.2)
It then follows that, if « is Hermitean,*
O Mvu—ytk=0, (2.3)

4 The case in which « has a small anti-Hermitean part must be
treated separately.



APPLICATION OF GENERALIZED FIELD THEORY TO BARYONS

so that we may define a conserved density

sﬂ=‘l’f7u‘l’- (2.4)
The energy-momentum tensor
T,= —%ihﬁ(iﬁf’yya,‘\b— 6,‘1//1'7,,\[/) (25)

satisfies
3,T,=0,

as in the constant mass case, but the symmetrized
tensor

T,,,,= %(Tﬁ“'-"_ Tvn) (2.6)

is now no longer conserved. If, however, we introduce
the tensor

Zyp=—2Zy= %ihCDVr('YV'YuK'{'K'Y#'YV)‘p— 26#!"/’*"\0] ’ (27)
it is found that 8,8,,=0, where
ouv‘_‘: Tur",_zuv
= Tnv+%ihcap ‘Vr ('Yp'Yu'Yv_'VV'YM"/p)‘I/]- (2.8)

The tensor 2,, vanishes for x=const, but here it is
nonzero and antisymmetric.
The usual angular momentum of the Dirac theory,

Pik= - ('L/C)/ (x10k4-—xk0,4)dV

=—h f (@' y 10 b— it ya0ap)dV (2.9)

—% /W'YWM‘WV, (Yik=vive—YrYa)

is no longer conserved, since now the tensor 6,, is not
symmetrical :

dPlk/dt=/(0k,—9,k)dV

=gihc f Yy dV .

However,
is then conserved if

dAik/dt-—— %ic/tﬁ['yik,x:hde .
Writing

Aik=‘/‘ll/*’)/4)\i/c¢dV,

where \;r; commutes with v;, we then have

dAzk/dt= _iC/IPTI:)\m,K:w/dV,
so that we require that

[ Y vtk k dV =0. (2.11)
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This condition is satisfied if (%vx+Aix) commutes with
k. The conserved angular momentum J;; is obtained
from (2.9) by replacing v in the last term by v+ 4\ix.
The equation then describes a particle of spin [cf.

(1.12)7

Sik=%h[¢f74(71k+4kik)¢dv. (212)

If A, commutes with v,, the antisymmetrical part of
6,, may now be expressed as a divergence:
Zyy=—Fihel vk W
= %ihcap (‘/’T'Yp)\uﬂb) .

044= T44= Ty=— W(tl/*xsb) ) (2-13)

for an eigenstate y of i%(9/9dt) belonging to the eigen-
value, .
The conditions

Further,

[AMW’YV]: 0, [i')’yv""}\,‘y, K]'——‘ 0 (214)
are those used in Ref. 3.
The generalized Kemmer equation®
Budut =0 (2.15)

may be developed in a similar manner. Here, « is an
operator which commutes with 4, but not with 3,. We
now define

4/1‘ = i‘P*"MX ’
where 14=28{£—1 and x possesses properties similar

to those of Eq. (2.2): [%,8.1=0, [n4x,x]=0. It then
follows that

A8 —y¢k=0 (2.16)
and that
S“=¢TB"¢/
is conserved. We then have
B:Buxdp=rd ¥,
AN kB8, =04k,
so that
du (\“K’lﬁ) = ‘pfﬂvﬂﬂ’cavlp'l" aﬂ”"ﬁ;ﬁﬂb .
In this case we define
Tﬁ“’= - %ih6[¢T:3van¢/_ auﬁwﬁv‘l/) )
o,wzihc[\[/-r (Buﬁu.’c'i—’cﬁuﬁv)‘l/— 5MV¢1-K\[/] ) (217)
so that
3,T,,=09,0,,=0,
and
Our=Tus+ 3170, [Y" (888, —B:B8,¥].  (2.18)

0, is symmetrical only in the case in which « is a
¢-number, so that we define

i
Jan= —‘/(xﬁm'—xk@u)dV—“hAm,
c

5 N. Kemmer, Proc. Roy. Soc. (London) A173, 91 (1939).
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where

A= ]1//*647\ik¢dV

and (\,,,8,)=0. Thus, J;; is conserved if

[ Y (BirtNir, WAV =0, (2.19)
the spin of the particle being [cf. (1.13)]
Sik:h/‘ﬁm(ﬁik‘*")\ik)lﬁdlf. (2.20)

We may now define a symmetrical energy-momentum
tensor which differs from 6,, only by a divergence,

rr= 4t WL (BuB.AB.8.)x+ k(B AB8) W

_ =264} (2.21)
=0+ 3 [ B, W

= 0‘“,-— %iﬁ[}lﬁT[)\pv;KJ\b

=0, 27, (W BAY) .

Further,

(2.22)

Ta=0y= %%halﬂ ("14'€+ K" 4)¢
= —3hcy™* (xx+ix)y

— —me*y for x=1, «k=mc/h=const.

(2.23)

III. THE GENERALIZED DIRAC EQUATION

If one of the €, A, is a set of Dirac operators 3v,
and the other is a set of Kemmer-Duffin operators 3,,
the resulting equation describes fermions with spin
tensor given by

Suv= _ih[BPV—"-%’YMV:I .

Although the mass operator is the same in each case,
the operators multiplying the p, are different, and we
therefore obtain two distinct equations describing
particles of spin 4 and £. In this paper, we consider
only one of these [Eq. (1.14)]. We use the notation
’Yi=020'(1:= L2, 3)’ Y4+=ps3, and

= —1(B23,831,012)

= —1(B14,824,834) , 3.1)
8= (.31,32,63) )
so that the spin of the particle is
S=n(}¢+X%). (3.2)
The spin- states are therefore characterized by
¢-X=—-2 (22=2) (y,1), 3.3)
or by
¢:2=0 (22=0) (4,-). (3.4)
The spin-§ states are similarly characterized by
¢-==1 (22=2) (,1). 3.5)

If in Eq. (1.14) m, me, m’ are real parameters, the
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conserved density (2.4) may be written
(3.6)

where 7:=282—1, so that n: commutes with 84 and
anticommutes with 81, 82, 8s. For the special case m'=0,
however, we note that ns=nmamsns commutes with the
Hamiltonian, so that in this case we may define another
conserved four-vector j, which we identify with the
charge-current density

juz_%eﬂc‘w(l‘i"%)')’u\b; (3.7

where Y'=1iy*yms. The charge density is, therefore,
for m'=0,

sp=— 1oy ymey

p=—1js/c=—%e ns(1-Fns)y. (3.8)

In the 5X5 representation of the 8,, 75 is diagonal with
the value —1 for the first four elements and +1 for the
fifth, while in the 10X 10 representation it is 41 for
the first six elements and —1 for the others.

We note that for m' imaginary, the four-vector
Yinsy is strictly conserved, and that for small imagi-
nary m' the currents (3.6), (3.7) are separately con-
served only approximately.

In the rest system of the particle (p=0), the energy
operator according to Eq. (1.14) is given by

(W/62)1P= [2p3m—' ZWLO (pg(! . z—*—ipzﬂ' ‘9\.)
—m/(ip1o-3—Bo) . (3.9)

The eigenvalues of W for the case m'=0 have been
computed in Ref. 6 (in an attempt to apply this equa-
tion to the electron, muon, and two types of neutrino).
More generally, we now write

W — 2mc? W 2mc? m’

—=c¢€

2'}%062 21%002 ZMQ

For the 5X35 representation® of the 8,, the 20-com-
ponent spinor ¢ decomposes into four separate 5-com-
ponent spinors, e.g.,

a 1 —7 1 de) (¢ Wl
—1 8 —i 1 e |||
—1 1 B 1 —¢€||Ys =0. (3.10)
—1 1 —i B de||¢u!
—ie 1€ € 1€ « ‘ %J
In this subspace,
00 0,0, 0, 0
0, 0, 2, —1, 0
¢-2=|0, —i, 0, —i, O},
0, —1, 1, 0, O
0, 0, 0O, 0, 0
(3.11)
1, 0, 0, 0, 0
0, —1, —2, 0, 0
S,=3%|0, 24, —1, 0, O
0, 0, 0, 1, 0
0 0, 0, 0, 1
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APPLICATION OF

The characteristic equations for the other spinors are
obtained by replacing a by —8, 8 by —a (i.e., changing
the sign of ), and by reversing the spin direction.

Three solutions of (3.10) for states of spin %
(6:==—2o0r 0) are

[ a(@—1)
a(at1)
\1’1/2,1= m(oz—}—l) ) (312)
a(a+1)
ie(6—3a—4)
with
alaf~+2a+3)=e(3—3a—4). (3.13)

These are also eigenstates of S, belonging to the eigen-
value 37.
For m’=0, Eq. (3.13) breaks up into three states

a=0, W=2me, n:=1, mu=1, y:=1,
3.14
af+2a+3=0, yma=1. ( )

According to (3.8), the first of these is negatively
charged and has a mass 2m=259%m,, and we would
identify it with the =~ hyperon. The other two par-

7)5=—1,

[« —1 1 0 1 7
1 a -7 —1 0 1
1 1 a 7 -1 0
0 1 7 8 i -
—1 0 1 -1 B 1
7 -1 0 -1 —7 B
—ie O 0 0 e —
0 —ie 0 —ie O 1€
0 0 —ie —e —ie O
—1€ € € 0 0 0

o

0 — 1 1, =2, 0
x=|1 0 —i|, y=|2i, 1, ,
1 74 0 0, 0, -1

the dots representing a single row and column.
Four solutions of (3.17) for states of spin & (o+E=—2
or 0) are given by

v
—iy
—¥

b (a—2)—2ip+iex—ieN =0,
—ig withd — 2ip+ (B+2)p—2ex =0,
—¢ |’ —iey+2ep+ (a—2)x+A1=0,

X — 3iey— 3x+6A =0,
—ix
—X
LA

N
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ticles of Eq. (3.14) are neutral (n5=—1), and we would
identify them with the antineutron and Z° of calcu-
lated masses — 1876m, and 2524m,, respectively.

Equation (3.11) also gives rise to two states of spin $
(o:==1):

0 0
1 1
Wy, 3= |—t|; Wepa0=] 1 |, (3.15)
-2
0 0

where the second suffix on ¥ refers to the eigenvalue of
S.. These states have the same mass

=1, W=2(M()—m)62 (T:T): (316)
with n4=—1, 5= —1. We identify this state with the
neutral component of the anti-N** resonance ys=—1

[calculated mass — 2918, for the values of nzo, m given
in Eq. (1.15)].

In the 10X 10 representation of the 8,, the spinor ¥
has 40 components, decomposing into four spinors of
ten components each, e.g.,

1€ 0 0 —ie) (Y1)
0 1€ 0 —e||¥s
0 0 1€ te | |13
0 —ie € 0 Va4
€ 0 —ie O ||| _
) i 0 0 | s =0, 3.17)
—i 1 1 | |¢r
1 « —1  —1i||ys
1 1 o' —1| |1
-1 —i 1 B J Wao)
so that
(af+20—28) (a8—26+3)
+ &(7TaB—B2~46a—28—24)+12¢=0
(LT (). (3.18)

For m'=0, Eq. (3.18) separates into four states, two
of which (£° and NV) also appear in the 5X 5 representa-
tion [Eq. (3.14)7:
af—=28+3 =0, m=-—1,
af~+2a—28=0, n=+1.
The first of Egs. (3.19) is obtained from the second
of Egs. (3.14) by replacing a by —8 and 8 by —a, i.e.,
by changing the sign of the energy. The second of

Egs. (3.19) now represents charged (n;=1) particle and
antiparticle states

W= 2¢2(m2+4mm,) V2,

(3.19)

which, with the same value as before for m and m,,
have the mass of the proton, i.e., &=V2Zm=+1835m..
The corresponding spin-§ states are described by the
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following six solutions of the same equations (3.17) for
the case ¢-=Z=1:

¥ (¥
W —iy
0 i
¢ ¢
Ws/9,3/2= tg , Wio,_12= _;:) ,
X X
ix —1ix
0 2x
0)J L0 )
with
(a+Dy+ip+iex=0,
W+ (B—1)p+ex=0,
—ief—ep+(a+1)x=0,
so that
(B=2)p=—i(a+2)Y,
(a+1)(B—2)x= —ie(a—B+4)Y,
and

(@+1) (aB+B—a)+e(a—B+4)=0 (1,1).

For m/=0, the spin-% solution corresponding to the
proton state [second of Egs. (3.19)]is (x=0)

af+B—a=0, n=+1,

again representing charged particle and antiparticle
states

(3.20)

W =42¢%(m2— 2mmq)'2.

Again with the same values of m and m,, this leads to a
spin-§ excited proton state at 2900m.. The correspond-
ing neutral state from Eq. (3.20) is given by a=—1,
for which =0, ¢=0, so that ns=—1, and its mass is
2918m. [cf. Eq. (3.16)]. We are therefore led to identify
the solutions of Eq. (3.20) with the N** resonance.

Finally, for the 1X1 representation of the 8,(8,=0),
Eq. (3.9) describes a particle of spin %, mass
2m=—259%m, (ns=1, yms=1). According to (3.8),
its charge is positive so that it would represent
the Zt.

In general, then, apart from the sign of W, there are
eight distinct values of the rest-energy given by Eq.
(3.9) for states of spin %. These are solutions of the
equations

W=2m, (3.21)
W2 (2mo— m) W2+ 2 (6mE— Smmo— 2m2-+m'2)W

+-8m(m—mo) (m+3mo) —8m"2(m—mo)=0, (3.22)
WA—4dmoW3+2(6me— 12mmo— dm2—+3m/'2) W2
+4(Amem> 4 16mmE —mm'2+ 2mom'2) W
+16m(m—+4mo) (m2+ 2mmo— 3m2)
— 32m"2(m24-mmo+3me?) +12m'4=0. (3.23)

For the case m’'=0, these equations reduce simply to

C. CORBEN

TasLE I. Eigenvalues of ¢+ X and (¢+)%

Equation
number Components Si Sa ()2
(3.12) First four —~2 0 3
(3.12) Fifth 0 0 0
(3.15) All the nonzero 1 1 0
(3.18) First six -2 -2 4
(3.18) Last four —2 0 3
(3.20) First six 1 1 1
(3.20) Last four 1 1 0

four distinct eigenvalues:

W=2m,
W = — 2mo=2 (m2 - 2mmo— 2m )2 ,}(3-21),(3-22)

W =2mo==2 (m>+ 2mmo— 2me®) /2 ,}(3'23)

W = 2L (m-+-dmo) T2 (3.24)

Similarly, for states of spin %, there are in general
four eigenvalues, which are given by

W=2(me—m), (3.25)
W32 (mo— m)W244m (2me— m)W
+4(m—2mo) 2m2—2mmo—m')=0. (3.26)

For m'=0, these reduce to two distinct values

W=2(mo—m), (3.25)
W=—2(mo—m), } (3.26)
W= =42 m(m— 2m,) V2.

All of these eigenvalues for the case m'=0 are given
by the formula

W =mo(S2—S1)

+{[mo(S1+S2)—2m P—4m?(a-A)2}2,  (3.27)
where S; and S, are the eigenvalues of ¢+ given in

Table I. This leads to the mass relation
2E—HE0=pn—+2N**0
which is accurate to better than 0.5%.

While the calculated masses agree with experimental observa-
tion to better than 29, the mass differences »—p and E~—5E° are
not accurately described by the case m’=0. We may therefore
suppose that 7’ is a small imaginary quantity, the magnitude of
which we adjust to give the correct neutron-proton mass differ-
ence. Writing mo= —am (a=3%) as before, m'= —iém (§<1), and
neglecting terms of higher order than 62, we find that Eq. (3.23)
becomes, with W = 2mc?x,

[x2—£2—(2a+1)x+4a——1—-6—2(1 —402)]
2a? 2a?
X[x2+(2a+;é(2a+1))x+(3‘1”"2"“1)
&
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The masses of the », 5%, p states are, therefore,
M= (1.446—179.516%)m,
Mz = (1.94640.498%)m,
Mp, My =[1.414-+45%(42.43440.0) Im.

(3.28)

We would, therefore, obtain fwo proton states, and the mass differ-
ence between the neutron and the lower of these is

dm=(0.03137—81.948%)m.

This has the experimental value of 2.53m, if §2=23.59X107*, and
the lower proton state then has the correct experimental value of
1836.1m, if, as before, m=1297m,. Such a term would then lead
to an excited proton state lying 37.2m,=19 MeV above the ground
state.

The mass mzo of the E° particle given by (3.28) is 2524m,, but
the E° particle of Eq. (3.22) would then have a slightly different
mass. From this equation we obtain

mE== (Z—W)m
- 3

mzo=(1.9464-27.6882)m = 2537m.,
my = (1.4464-1.016%)m =1875m.,

=2581m.,

giving an excited neutron state also lying 19 MeV above the
ground state.

The neutral and charged spin-§ resonances given by Eqgs. (3.25)
and (3.26) would now split as follows:

N0 2.250m =2918m.; (3.25)

N*0 (2.222m=2882m,)

i [[2:265m= 2941m,,] . (3.26)
* 1.2.236m = 2888m,

These values lie below the observed spin-§ resonances by one or
two percent.

These effects of a small term proportional to #’ in Eq. (1.1) are
presented only as an illustration of the type of splitting such a
term produces. It would be expected that the eigenvalues of the
bare Hamiltonian computed here would be changed by amounts
larger than those considered above when radiative corrections
are taken into account,

The particles discussed in this paper represent only
a small fraction of those observed. The other equations

2225

[Ref. 6, Egs. (14), (16), and (17)] that may be ob-
tained from Eq. (1.1) by choosing e, or A\, to be Dirac
or Kemmer-Duffin operators lead between them to 5
distinct spin O rest-energies, 2 of spin 4, 7 of spin 1, 1 of
spin £, and 2 of spin 2. For a number of these, as in the
case investigated in this paper, a neutral state is ac-
companied by a charged state whose rest-energy differs
from it only by terms of order (#,/m)? Other neutral
states do not possess such a corresponding charged
state. It is in this way that isobaric spin enters the
theory.”

Whether this approach will ultimately lead to a
meaningful description of elementary particles cannot
be known until the full consequences of the theory,
including interactions, have been investigated. The
class of classical field theories developed here is solidly
based on relativistic classical mechanics and is con-
sistent with relativity theory and quantum theory.
By relaxing the condition that M in Eq. (1.1) is a ¢
number, we have been led to mass-eigenstates which
are not required to be simple multiples of each other.
The main purpose of this paper has been to point out
this hitherto unsuspected richness which field theory
can offer.
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spin S [Eq. (3.2)], it is found that S and © commute.



