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§ 7. Introduction.

THE neutrino theory of light, initiated by Jordan, has been developed in
a series of papers by Jordan, Kronig, Born, Nagendra Nath, Pryce and
others.! The essential point of the theory is the setting up of a relation
between the neutrino operators and the photon operators such that while
the former satisfy the commutation laws pertaining to the Iermi-Dirac
statistics the latter satisfy those of the Finstein-Bose statistics. I have
examined in this paper the question of ILorentz-invariance of this funda-
mental relation connecting the two sets of operators, and, by considering
rotations of the frame of reference, shown that the relation itself is not
invariant,
§ 2. The Relation between the Operators.
I shall use, here, the form of Jordan’s relation as given by Nagendra
Nath? wherein he takes the spin also into consideration.

(1, o)

L e L (1, b)

or, using the relation y_, = oz, and the commutation laws for a’s and
y’s, in the form
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The indices ¢ and j each take two values corresponding to the two spin
states of the neutrino denoted by p and A. By the aid of a simple formalism

1 For a complete bibliography see the report by Kronig in the Annales de I' Institut

Henri Powncare, 6.
2 Proc. Ind. Acad. Sci., (A), 3 (1936), p. 452, equation (16),
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we can get rid of the rather unsymmetrical nature of (24) and (2b) where
we have a summation over 7 only in the first, and a summation over 7 and
j (1 5=4) in the second. Introducing the unit matrix

-
0-1
and one of the Pauli-matrices o, (after removing the suffix x) as
07
o (1 0)

it can be seen easily that (2, a (2, b) are equivalent to the forms

(o)
byp = =—— % F okl 3
5P e #Z,:v azp A+ by (3, a)
i + ;
o (3, b)

(b, = m—
kA ng /=-0c0 v

where the Greek indices p, v take values 1 and 2.

§ 3. Transforms of the Operators.

We shall now examine how the operators a, af and b are transformed
by a rotation of the frame of reference through an angle #. Since the
a’s are spinor magnitudes the transformation matrix for them is given by3

T = 6'4_‘1‘95; TT = e%i@;, (4)

where s is the spin-matrix
1 0 z
5 5

and denoting the transformed quantities by placing a bar over them, we
have

o 2 1
ajp = X Ty apy I
. % (6)
Wl = et T I
v=1 J

The b-operators undergo the ordinary transformation

‘zj,{,yp = cos e'b&p —(~sin H'bﬁ,\
bpy = —sin0:-byp + cos 0-by )

(7)

§ 4. Non-invariance of the Fundamental Relation.

If the relations (3, a) — (3, b) should be invariant for rotations, they

must remain true when a’s and b’s are replaced by a’s and §’s as given by

3 See Frenkel; Wave Mechanics (Advanced Theory), 1934, pp. 346-62,
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(6) and (7). Hence we must have (introducing the necessary dummy indices)

] + oo
Ccos H'bkp -+ sin H'b&,‘,\ = ’\/;)k ; > 2 ay ‘VT T,” ot ,1‘771" Q74 p - (8, 6{)
S0 bV
1 + o0 .
— sin 6. b,{p -+ cos 0. b,{)‘ = \/2/" > 2 a/.VT '1_‘11“_ oTT ,1\/"‘«‘! g p
l==oo y yT 7

(8, b)
Summing up for the indices 7 and 7 on the right-hand sides, we have them
reducing to

+ oo

J‘ b Al HETa Y ]

T Z gyt (Tps" Typ + Tyl Top) aripp
/\/2/3 Z:-—OO IJ_ v

1 + oo , }. (9)
g ol o eE
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In the left-hand sides of (8, a) — (8, b) we can replace b,pand b, by means
of (3, a) — (3, b) and they should then be identically the same as (9). This
ought to give us the relations
cos Gro¥h Lainfoll T 0T o T sz} (10, a)
= = g9b Locns gtk T, L F (10, b)
FEquating the sides of (10, a) — (10, b) for the indices vu =11, 12, 21, 22
and using (4) and (5) we see that these lead to the relations
sin@ =0, cosf =1, cosf —¢eb® —g—70
which are not true for any value of 6 (except # = 0). Thus the falsity of
(10) establishes the non-invariance of the relation connecting the a- and
b-operators.
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