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ALGEBRA RELATED TO PARTICLES
OF SPIN 3/,

One of us (B.S.M.) has considered [ (1942),
referred to here as I], the question of deriv-

a ing commutation rules for the matrices p
appearing in the relativistic wave-equation of
a particle of arbitrary spin in the form

Ou Buy + xb = 0 (1)
of the famous Dirac equation for a particle

It was there shown that this prob-of spin Ys.
lem could be solved by making the new as-
sumption that the spin operator tyy==i sy» satis-
fies the condition

tuy = (Bus Br) =Buby - BrBu (2)
for all spins.
The general commutation valid for all spins
can then be written as

(Bu, trp) = (By, (Br; Bp)) = Suv Bp - Sup By (3)
The special clases of spins °/, and 2 were con-
sidered in I, and the restricted forms of (3)
on the further assumption that the eigen-
values of su» for a particle of spin s are s,

1. -s, were also given there
[I (26) and "(34 for these cases.

while itThe imposition of condition (2),
solves this particular problem of deriving
the commutation rules, has also very far-
reaching consequences in that it makes wave-
equation (1) itself of fundamental importance
in obtaining properties of the elementary parti-
cles. Bhabha (1945, a, b, c) has recently con-
sidered the full implications of the assump-
tion (2) and shown that the problem of find-
ing all irreducible equations of form (1) can
be connected with that of finding all irreduci-
ble representations of the Lorentz group in
five dimensions. He has further shown that,
on this theory, a particle of maximum spin 18

must appear with 77 different values of the rest-
mass if n is an integer, and n+ % values
if n is half an odd integer, the higher values
of the rest-mass being simple rational multi-
ples of the lowest value.

On the basis of his new theory Bhabha has
the twoconsidered (1945, c) in particular,

possible equations of the form (1) for a parti-
cle of maximum spin 3/., and indicated, by
consideration of the non-relativistic approxi-
mation, that the equation given by one of the

R (3/9, BRA )Yo mayrepresentations denoted by
proton.possibly describe the behaviour of the

The degree of this representation, viz. 16, and
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the explicit expression for the same have also
been derived by him [ibid. > (74) and (76)1.
We have theindependently investigated

algebra generated by the commutation rules
for the case of spin 3/, [U], (26)] exactly on
the pattern given by Kemmer (1989) for the
case of spin one (Meson algebra). The investi-
gation is not too laboricus on account of the
fact that the algebra becomes the direct-pro-
duct of two sub-algebras, one being the Dirac
algebra of rank 16, and another, which we
call the é-algebra, 42. Thus there is
really no need to count the 672 (16 x 42)
linearly independent quantities generated by

ofthe &y, and all powers and products
the Bu. The dimensionality of the representa-
tions is then decided by the relation:
12-+4+42+52 pertaining to the ¢-algebra, and
given by (4x1), (4x 4), (4X 5), te 4, 16

Of these theand 20 for the original algebra.
first relates to the case of spin % and may be
discarded. Jt can also be shown that the
algebra for the case of all half-integral spins
is the direct product of the Dirac algebra
and an associated #-algebra.
The commutation rule for spin °/, is likely

to prove useful in investigations relating to
the above-mentioned theory of Bhabha for the
proton, and the associated é-algebra which is
easier to handle than the original f-algebra
might be used in the related calculations. We
have also derived the representation matrices
for the #-algebra in both the representations
of orders 16 and 20.
The related results will be published in

detail elsewhere.
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