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Abstract 

Using the principal series representations of the Lorentz group, a method parallel to that 
of Gelfand and Yaglom is suggested to obtain Maxwell's equations, which dispenses with 
the arbitrary introduction of a degenerate transformation with respect to which the photon 
equations are invariant. The method also gives subsidiary conditions which, in conjunction 
with the masslessness of the particle, yield the Lorentz condition and the correct values of 
photon polarization. 

1. Introduction 

In analyzing and interpreting the experimental  data using the homogeneous 
Lorentz group partial wave analysis due to Delbourgo, Salam, and Strathdee 
(DSS) (t 967), the exchanged trajectory (in the t channel) for which the corre- 
sponding physical particle has spin 1, must be assigned two values (Raghavan 
and Samiullah, t969;  and references therein) of I J0] (Jo is M in Toller 's 
language), i.e., 0 and t .  Since the DSS formalism employs only the absolute 
values OfJo,  in fact, the values associated with such a particle are = 0, +- ! .  The 
interaction amplitudes in the DSS theory involve the Regge trajectory c~ of  the 
exchanged particle which at t = meZx (the square of the mass of the exchanged 
particle) reduces to the spin of  the corresponding physical particle, i.e., 

c~(m 2x) = spinph (1 . I)  

It is shown by Sciarrino and Toller (1966) that at t = 0 there exists a relation 

O~n(0 ) = 4 0 )  - - n  -- 1 (1.2a) 
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Each Lorentz pole corresponds to an infinite number of  daughter poles)  in 
equation (1.2) c~n(0 ) is the Regge intercept of  the nth daughter at t = 0. For 
the leading Regge trajectory (i.e., for n = 0, dropping the subscript n from an) 
we may write 

c~(0) = o(0) - 1 (1.2b) 

In their paper DSS have anticipated an extension of this result at t 4: 0, rewrit- 
ing the relation as 

c~(t) = o(0  - 1 (1.3) 

From equations (1.1) and (1.3), for a physical particle, we obtain a relation 
between o and its spin as follows: 

o = spin + 1 (1.4) 

Thus in general for a particle, o has a fixed value. Also from the well-known 
condition (see, for example, Gelfand et al., 1963). 

lJot < Io l  (1.5) 

Yo can acquire values consistent with equation (1.5). Hence, the principal 
series irreducible representations of  the homogeneous Lorentz group which 
enter in describing a particle are determined by the possible pairs o f J  o and o. 

The basic assumption made by one of  us (M.S.) in a previous paper 
(Komy et al., 1968) is that the exchanged trajectories in the t channel exist 
in a state (or superposed state) that is a superposition of  some basic states 
called the "Lorentz states." The Lorentz states span a representation space of  
the Lorentz group, for which its irreducible components operate on the afore- 
mentioned b r e n t z  states and are determined by the different Jo values and o. 
Thus, if the exchanged trajectories exist in states belonging to the representa- 
tion space r, in terms of  its irreducible components, r can be written as follows: 

= ~ * r(Jo, o) (t .6) T 

allowed Jo values 

We interpret the above assumption to mean that the system of  equations so 
obtained would consistently describe the fields associated with a particle of  a 
given spin satisfying equation (1.4) together with the relevant subsidiary con- 
ditions, if any. 

Coming back to the consideration of  the particle o f  spin t ,  the pairs (J, o), 
which enter into its description, are given as (0, 2), (-+ I, 2), which we designate 
as rl  ~ (0, 2), r 2 ~ ( -  1,2),  and ¢2 ~ (1,2) .  Needless to say, the represen- 
tations r2 and ~'2 are conjugate to each other. Furthermore, these representa- 
tions are exactly the same as given by Gelfand and Yaglom (1963) for a particle 
of spin 1, and have the same interlocking scheme. In this paper we have, there- 
fore, employed the Getfand-Yaglom technique for obtaining the relevant 
equations for a particle o f  spin 1 and mass zero, i.e., a photon, with the essen- 

The parent-daughter phenomenon was anticipated in the works of Volkov and Gribov 
(1963); Domokos and Suranyi (1964); Freedman and Wang (1967); and others. 
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tial difference that for a complete study of the problem, in conformity with 
the basic assumption (Komy et al., 1968) we have worked out the relevant 
matrices in their most general form rather than truncating them as usual by 
introducing ¢2 as an arbitrary degenerate transformation. For the continuity 
of treatment and to establish our notation in Section 2 we have briefly reviewed 
the Gelfand-Yagtom method for mass-zero particles. In Section 3 we have 
obtained Maxwell's equations together with the subsidiary conditions and have 
discussed their implications. Section 4 exploits the masslessness of a photon 
to obtain the Lorentz condition and the photon polarization. In Section 5 we 
have discussed our results. 

2. 7~e Gelfand-Yaglom Method 

A system of first-order equations for a massless particle can be written as 

~'-I, + ~ff~ ~'-I, ~I, 
Lo o La ~ x o + L z o x ~ + L 3 ~ x 3 = O  (2.1) 

where x o =-ct and the matrices L~(bt = 0, I ,  2, 3) act in the space of field 
functions ~(x), which we designate as the space R. To equation (2.t)  we apply 
a simultaneous transformation, 

x' =gx, t~ '(x') = Tg~(X) (2.2) 

where g is any Lorentz transformation of the coordinates and Tg is a represen- 
tation of the Lorentz group in the space of the ~ functions. Application of 
equation (2.2) to equation (2.1) reduces it to the following: 

E L . T g  I a~ '  u,v OxT gv~* = 0 (2.3) 

According to Gelfand and Yagtom, if there exists a nondegenerate transforma- 
tion Vg such that 

E VgLuTg 1 3qJ' w L 3~'(x ' )  u,~ Ox--~ g~u - ~ ~ - -  (for at1 ff ' (x '))  (2.4) ax; 
i.e., 

(2.5) ~_ V g L u T g l g v .  = Lv 
11 

it follows that equations (2.1) and (2.3) are equivalent, which means equation 
(2.1) is essentially unaltered after the substitution given by equation (2.2). 
However, for a massive particle for the invariance of equation (2.1) under 
this transformation it is necessary that Vg = Tg. At this juncture, we notice 
that instead of multiplying equation (2.3) by Vg from the left, we can as well 
multiply it by Tg from the left. Thus, in conformity with our theory, we 
multiply equation (2.3) by rig from the left and obtain the invariance of 
equation (2.1), which yields 

(2.6) TgLuT£1g~ = Lv 
,u 
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Now, if the space R in which the representation Tg acts is decomposed into a 
linear sum of  subspaces R T in each of  which there acts an irreducible repre- 
sentation r of  the proper Lorentz group designated by the pair r ~ ( Jo = lo, 
a---=-ll), and if we introduce into each subspace R r a canonical basis {~n } 
(m = - I  1 , - I  + 1 . . . . .  l; I being an integer or half an odd integer) of  the 
eigenvectors of  the usual Lorentz operator H a (which is also a generator of  the 
rotation group), following Gelfand et al., it is possible to work out the matrices 
L u under the specific conditions that the pairs (10, l l)  and (l~, l'1) , defining r 
and r '  be interlocking, i.e., 

(1o, l ; ) : q o  -+ 1,l~) 

or (2.7) 

( t ; ,  l ; )  = (l o,  l I 4" 1) 

Gelfand and Yaglom have obtained these matrices as follows: 

Lo = il c~r'Sll'6mm'[I 

where for 

t 
(1 o, l~) : (lo + 1, l l )  

4 " ' :  c~" [(1 +lo + 1)q - lo)l ~ 

T'T --  T'T .~ cl - Cr [(l lo + 1 ) ( l -  1o)] 1/2 

and for 

(lo, l ; )  = (I o, l + 1) 

c~ r' = c rr' [(1 + 11 + 1)(l - ll)] 1/2 

c f  r= cr'r[(l + 11 + 1 ) ( I -  I1)] 1/2 

C rr' and C r'r are arbitrary complex numbers; 

L3 = tlal~ ;~',.'II 

w h  e r e 

rr' = i[(l 2 m2)]l /Zrcrcrr '  r' rr' atm;l l , m  - -  I_ l t - - 1 - - C i + l C l  ] 

rr' = - i m C ~  r' [A~ A~'] aim ; l,m 

rr' = i[ ( l+ l)2 m211/2[C[+lc[_fl C[+lc[r] alm;l + 1, m 

TT  l d r r  ' L1 = II blm:l'mql, L2 = II tm;t'm'Jl 

(2.8) 

(2.9) 

(2.10) 

(2.1 1) 

(2.1 2) 

(2.13) 
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where 
TT t 

b l m ; l _ q , m _  1 = - i d l m ; l _ l , m _  1 

= ( i / 2 ) [ ( / +  m ) ( l  + m  - 1)1 1/2 [ C I T E '  1 _ C[ ' c~r ' ]  

TT ~ 
b l m ; l _ l , m +  1 = i d t m ; l _ l , m +  1 

= ( - / / 2 ) [ ( / -  m ) ( / -  m - 1)] 1/2[ClrcE'  1 - C f c ~  r' 

b~r~;l ,m-1 = - i d l m ; t , m - t  

= ( i / 2 ) [ ( l  + taXI  - m + 1)] 1/2e[r'  [A~ - A f ]  (2.14) 
.f T r 

b l m ; l , m + l  = id lm;l ,  rn+ 1 

= ( i /2 ) [ ( l  - m ) ( l  + m +/)]  1/zc[r '  [A[  - AT'] 

TT ~ 
b l m ; l + l , m - I  = - - i d l m ; l + t , m - I  

1/2 rt-,r j r '  _ C[;lC[r']  = ( i / 2 ) [ ( I -  m + 1 ) ( / -  m + 2 ) ]  t'-t+ 1~I+1 

r r '  = id lm; t+l , rn+ 1 b l m ; l + l , m + l  
1/2 t - r r  ~rT' 7' rr' =(-i/2)[(l+m+ 1 ) ( / + m  +2)1  t'~l+t~1+1 - G+lCt ] 

where 

il°11 C 1 = ( i /2 ) [ ( t  2 - Io2)(l 2 - 112)/(4l  2 - 1)] 1/2 (2.15) 
A l - l ( l  + l )  ' 

Equation (2.14) defines the number Ct to within a sign. In particular, if Cz is 
real then we regard it to be positive. 

3. M a x w e l l ' s  E q u a t i o n s  

The representations for the particle with spin 1 and mass zero are given as 
rl ~ (0, 2), r2 ~ ( -  1,2), ¢2 ~ (1,2) ,  which have the following interlocking 
scheme: 

T2 +4T1 <-~T2 

The most general form of  the matrices L~, equation (2.5), having the above 
interlocking scheme can be worked out in terms of the following basis: 

~ 1 0 ' ~ t , - - 1  g 0 0 , 2 1 1 '  ~1 , - -1 ,~11 ~10 ~1,--1 

It can be shown that, if we invoke the invariance of  the equations under the 
complete Lorentz group, the matrix elements of  Ltz must satisfy the following 
restrictions: 

C rl~g = C r-r= = C 1 and c ÷~r* = C r:r~ = C 2 (3.1) 

Also if we wish to ensure the existence o f  a Lagrangian leading to the relevant 
equations, the matrix elements must satisfy the further restrictions 

c~ = r~ = e ~ ~: (3.2) 
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or 

C'1 = C2 (3.3) 
For  c1 = i, we have arrived at the fol lowing matr ices  for Lo, L 1, L> and L3: 

Lo=  

0 0 0 0 --i 0 0 0 0 0 

0 0 0 0 0 -.i  0 0 0 0 

0 0 0 0 0 0 - i  0 0 0 

0 0 0 0 0 0 0 0 0 0 

i 0 0 0 0 0 0 i 0 0 

0 i 0 0 0 0 0 0 i 0 

0 0 i O  0 0 0 0 0 

0 0 0 0 - i  0 0 0 0 0 

0 0 0 0 0 - i  0 0 0 0 

0 0 0 0 0 0 - i  0 0 0 

, L1 

0 0 0 - 1  0 i 0 0 0 0 

0 0 0 0 i 0 i 0 0 0 

0 0 0 1 0 i 0 0 0 0 

1 0 - 1  0 0 0 0 1 0 - 1  

0 i 0 0 0 0 0 0 - i  0 

i 0 i 0 0 0 0 - i  0 - i  

0 i 0 0 0 0 0 O - i  0 

0 0 0 - i  0 - i  0 0 0 0 

0 0 0 0 - i  0 - i  0 0 0 

0 0 0 - 1  0 - i  0 0 0 0 

(3.4) 

L 2 = 

0 0 O - . i  

0 0 0 0 

0 0 0 - i  

- i  0 - i  0 

0 - 1  0 0 0 

1 0 - 1  0 0 

0 1 0 0 0 

0 0 

0 0 

0 0 

0 - 1  0 0 0 0 

1 0 1 0 0 0 

0 1 0 0 0 0 

0 0 0 - i  0 - i  

0 0 0 1 0 ,L3 = 

0 0 -1  0 1 

0 0 0 - 1  0 

0 - i  0 1 0 0 0 0 

0 0 .-1 0 "I 0 0 0 

0 - i  0 - 1  0 0 0 0 

0 0 0 0 - i  0 0 0 0 0 

0 0 0 - 1  0 0 0 0 0 0 

0 0 0 0 0 0 i 0 0 0 

0 1 0  0 0 0 0 0 1  0 

- i  0 0 0 0 0 0 i 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 i 0 0 0 0 0 0 - i  

0 0 0 0 i 0 0 0 0 0 

0 0 0 - 1  o o 0 0 0 0 

0 o 0 0 0 o - i  0 0 0 

Defining ~ as a t e n - c o m p o n e n t  quan t i t y  

41-  
% 
% 

~_= ~2 
~a 
~4 
44 
% 

.46. 

tile subs t i tu t ion  o f  the  matr ices  equa t ion  (3.4) and for ~b equa t ion  (3.5) into 
equat io~ (2.1) yields a sys tem of  f i rs t :order  equat ions ,  which,  with a little 

(3.s) 



O(3,1)  A P P R O A C H  TO M A X W E L L ' S  E Q U A T I O N S  

algebraic manipulation, can be recast into the following set o f  equations: 

~xx01Foa 0 . + G / 5 0 2  + ~Xx~aFo3 = 0 

where 

ox~F30 +2-~0 F31 +~-~2F32 =0  
0x 1 

~xoF20 + F21 + F23 = 0 

_O + 0~2F12 ~)xaF13 = 0 3xoFlO - -  + - -  

Fol -= i(-~1 + q~3 - ~4 + ¢6), 

F 0 2  = ( - ~ 1  - ~3  - ~4  - ~ 6 ) ,  

Fo3 --/(~2 + Cs), 

F12 -- 2(_q~ 2 + ~bs), 

F13 ~ i(-~1 + gb4 - 43 + ~b6), 

F2a --- ( - ~ 1  + 43 + 44 - 4e), 

together with 

where 

Lo = 

L'~ = 

L'~ = 

F l o  - i (~1 - 4~3 + ~4  = ~ 6 )  

F2o  - (~'1 + q~3 + ~4  + ~ 6 )  

F3o - i ( -  ~2 - ~ s )  

F21 - 2(~2 - 45) 

F31 ~ R~I + ~b3 --  ~4 - -  ~ 6 )  

F32 = (+~bt - ~3  --  44  + ~ 6 )  

Lo 3x ° 

,, 3_~ 
Lo 3x  o 

L1 L~ - -  0 
3xl ~x2 + L 3 0 x  3 

, ,  ,, ~ ,, a~ 
+L1 O~ +L2 + L 3 - - - 0  

Ox 1 ~ 3x  3 - 

0 

0 

0 

0 

.... i 

0 

0 

0 

0 

.... i 

- i  

0 

0 

0 

1 

0 

- i  

0 

0 

0 

- 1  

0 

0 0 

- i  0 , 

0 - i  

- 1  0 

0 --1 , 

1 0 

0 0 

- i  0 , 

0 - i  

1 0 

0 1 , 

- 1  0 

-1  

L'I = 0 

1 

0 

L~ = - 1  

0 

- 1  

L I =  o 

1 

0 
ti 

L 3 = - t  

0 

o i olt 
i 0 i 

0 i 0 

i 0 0 

0 0 0 

0 O - i  

0 - i  0 t 

I - i  0 - i  

0 - i  0 

i 0 0 

0 0 0 

0 O - i  

597 

(3.6) 

(3.7) 

(3.s) 

(3.9) 

(3.10) 
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According to our interpretation of the basic assumption, the equations would 
consistently describe the field equations along with the relevant subsidiary 
conditions, if any, describing a photon. Equation (3.6) together with equation 
(3.7) we immediately recognize as Maxwell's equations in their covariant form. 
Just these equations would have been obtained if we had used equation (2.1) 
with the bracketed portions of the matrices Lo, L I ,  L2, L3, and t), which we 
may designate as [Lo], [Lt ] ,  [L2], [L3], and [~].  Thus equations (3.8) and 
(3.9) would constitute the subsidiary conditions. 

To extract information from these equations we proceed as follows. We 
expand the solution of equations (3.8) and (3.9) in a four-dimensional Fourier 
integral 

~(x) = f u(P)eieux,  dP. (/I = 0, t ,  2, 3) (3.11) 

where 

P**x,, = - P o x o  + f i ' 2  and dP=dPodPldP2dP3  =dPdP  o (3.12) 

Equation (3.11) can be considered as a wave packet that is a superposition of 
waves with the wave vectors P~ which, following the deBrogtie relation, can 
be associated with free particles of momentum (in units o f c  = ~ = i) P and 
energy Po = E. 

Inserting equation (3.11) into equations (3.8) and (3.9), we obtain the 
following set of equations: 

- (P1 + iP2)ul(P) + i(Po - Pa)u2(P) + (iP1 - P2)u3(P) = 0 (3.t 3a) 

- P 3 u l ( P )  + (iPl + P2)u2(P) + iPoua(P) + (iP1 - P2)u4(P) = 0 (3.13b) 

(P1 - iP2)ul(P) + (iP1 +P2)u3(P) + i(Po + P3)u4(P) = 0 (3.13c) 

--(P1 +iP2)u l (P)+i (Po  + P 3 ) u z ( P ) + ( - i P I  +Pz)u3(P) =0 (3.14a) 

-P3Ul(P)  - ( i P 1  + P 2 ) u 2 ( P )  + i P o u 3 ( P )  - (/Pl - e2 )u4 ( / ° )  = 0 

(3.14b) 

(P1 - iPz)ul(P) - (iP1 + P2)u3(P) + i(Po - P3)u4(P) = 0 (3.14c) 

Now adding equations (3.13b) and (3.14b) and subtracting equations (3.13c) 
and (3.14c) we can recast the above sets in a matrix equation as below: 

- (P1 + iP2) i(Po "- P3) (iP1 - -  P2) 0 u I (P  ) 

- 2 P  3 0 2iP 0 0 u2(P) I = 0 

-(P1 + iP2) i(Po +P3) (- iP1 + P2) 0 u3(P ) 

0 0 2(iP1 + P2) 2iP3 u4(P) 

(3.15) 
Defining the 4 x 4 matrix in equation (3.i5) as £o(p) and the column vector 
as u(P), we may write equation (3.15) as 

~e(e)u(P) = 0 (3.t 6) 
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Equation (3.16) admits of  a non zero solution only for the condition that 

det [£.q° (P) I = 0 (3.17) 

For P1 4: 0, P2 4= 0, and/°3 4= 0 equation (3.17) can be recast as the difference 
of  two equal terms, i.e., 

P3(P12 + P22)(Po 2 - p32 - p22 - p12) 

- P3(P12 + Pz2)(po 2 - P32 - P22 -. P12) = 0 (3.18) 

Equation (3.18) admits of  interesting physical interpretations for different 
possibilities. Barring the trivial case Pt  = P2 = P3 = 0 (which we have excluded 
ourselves), the first possibility is that each of the expressions in equation 
(3.18) is zero, which means 

P02 - P32 - P22 -- P12 = 0 (3.19) 

The obvious interpretation of  equation (3.19) is that the rest mass of  the par- 
ticles associated with any of  the plane waves with the four-momentum P(Po, 
PI ,  P2, P3) is zero; the inequalities amount to saying that such a particle is 
never at rest. These are exactly the properties which we associate with a photon. 
Again barring the trivial case mentioned above, the second possibility is that 
the expression P3(P12 + P2z)(Po 2 - P12 - P2 z - P3 z) is not equal to zero, and 
only the difference of  two such expressions [i.e., equation (3.18)] equals zero. 
In view o f  the fact that one of  the expressions occurs with a negative sign and 
is obtainable by a replacement of  the four-momentum Pu -+ - P u  or explicitly 
P1 -+ - P 1 ,  Pz -+ - P~, P3 "+ - P 3 ,  and Po -+ - P o ,  we may regard equation (3.18) 
as indicative of  a massive particle and its antiparticle to be existing at the same 
space-time point, which means the annihilation of  a massive particle and its 
antiparticle emerges from equation (3.18) as a possible condition for the creation 
of  a photon. Furthermore, from the point of  view of  the surfaces of  transitivity 
for the Lorentz group in the momentum space, the first expression in equation 
(3.18), 

Po 2 - P12 - P 2  2 - P32 = const > 0, Po > 0 (3.20) 

corresponds to the upper branch of  a hyperboloid of  two sheets, and the other, 

Po 2 - Pt z - Pz z - P32 = const > 0, Po < 0 (3.21) 

to its lower branch. Equations (3.20) and (3.2t)  tell us that the annihilating 
system consisted o f  particles whose four-momenta lie on the upper and lower 
branch of  the mass-shell hyperboloid. 

4. Exploitation o f  Photon Masslessness 

Rewriting equation (3.6) as 

3x ~ - 0  ( / J = 0 , 1 , 2 , 3 )  0.1) 
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and defining as usual 

02 -- V 2 (4.2) Fur  _ 0Av OAt~ [ ] _  0x °2 
Ox ~ Ox v , 

equation (4.1) can he recast as 

~A~  - ~-2 \ ~ ]  = 0 (4.3) 

Equation (4.3) along with the subsidiary condition, i.e., equation (3.19), which 
led us to the properties associated with a photon,  automatically leads us to the 
Loren tz condition on the four potentials A . :  

0A.  _ 
~x--h-- 0 (4.4) 

In addition, if we select the x 3 axis along the positive direction of  the momen- 
tum of  a photon,  in such a coordinate system the photon energy momentum 
four-vector P has the components P(P0, O, O, P3). The plane-wave solutions of 
Maxwell's equations in their covariant form satisfy the equation 

(P3 [L3 ] Po[LoI)Fgv(P)=O (4.5) 

Which means tha t / '~v(P)  belongs to the subspace, annihilating the matrix 
P3 [L3] - P o [ L o ] -  

The matrix P3 [L3 ] - Po [Lo ] written in full reads 

P3 [L3] - P o  [Lo] = 

• ¢2  ' ¢2  e'r2 , v :  ~'r 2 ~ 7 ~  
~11 ~10 ,'~ 1--1 ~1I 510 51-1 

; l l  o o O o i(P3 Po) 0 0 i(P3 - Po) 0 0 

- iPo 0 0 - iP  o 0 

0 i (P3-  Po) 0 0 --i(P 3 + 

(4.6) 

The first row of the matrix is proportional to the third. Thus, we can add further 
rows to this matrix by adding and subtracting the first and the third rows and 
write these explicitly to give the following 6 x 6 square matrix: 

0 P3 0 0 P3 

-i(P3 + t)o) 0 0 i(P3 -- Po) 0 

0 -iPo 0 0 -iPo 

0 0 i(P3 - P o )  0 0 

0 (P3 +iPo) 0 0 (P3 + / e o )  

0 (P3 - iPo) 0 0 (P3 - U°o) 

Q-1 

0 

0 

0 

-i(P3 + Po) 
0 

0 

(4.7) 
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Equation (3.19), in this co-ordinate system reduces to 

Po 2 - P32 = 0 

yielding 

P0 = +-P3 

601 

(4.8) 

(4.9) 

Now, for Po = P3 ¢ 0 the subspace R(P3, P3) is two-dimensional and contains 
the vectors ~ ]  and ~t l .  In the case Po = - P 3  ~40, again the annihilating sub- 
space is two dimensional and contains the vectors ~ 1 and ~ ] .  In both these 
cases the annihilating subspaces are invariant under ):he operator H3 with the 
eigenvalues of  this operator t and - t .  The polarization value m = 0 is excluded 

T 2 T2 since the linear combination of  the vectors ~ lO, ~ lO can belong to the annihilat- 
ing subspaces of  the matrix only i f P  3 = P0 = 0. Thus the polarization of the 
photon can assume olny two values: 1, - 1 .  

5. Discussion o f  Results 

In this paper, to the assumption made by one of  us (M.S.) offering an inter- 
pretation, we have applied it to  a particle of  spin I and mass zero. Our interpreta- 
tion has allowed us to introduce ~'z "~ (0, 2) as an integral part of the theory,  
contrary to its usual arbitrary introduction as a degenerate transformation. 
The most general form of  the matrices to which we were led by the theory 
yielded a subsidiary condition which admitted of  two possibilities in interpret- 
ing it: (i) The photon is never at rest, and if, however, it were to be brought to 
rest, its rest mass would be zero; (ii) the annihilation of  a massive particle and 
its antiparticle can create a photon.  Furthermore,  we have shown that  the con- 
dition of  masslessness o f  a photon with the covariant Maxwett's equations 
results in the Lorentz condition, also, that the present formulation yields cor- 
rect values of  photon polarization. 
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