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N the covariant electrodynamics of Tomonaga and Schwinger'
- - considerable complications are introduced whenever the eGects
of longitudinal and transverse photons are considered separately,
Schwinger has pointed out that such a separation is in practice
unnecessary, but he has been obliged to start from a treatment
with separation in order to demonstrate that a treatment without
separation is permissible. 2 Another discussion of the question was
given by Hu, ' but again an elimination of the longitudinal Geld
had to be performed in order Gnally to show that such an elimina-
tion was unnecessary. In the radiation theory of Feynman4 the
longitudinal and transverse photons are never separated; but the
argument justifying this procedure4' is not immediately applicable
to the Schwinger formalism. The present author's formal proof'
of equivalence of the Schwinger and Feynrnan theories takes for
granted the validity of the unseparated treatment of the radiation
Geld. A simple proof of the correctness of the unseparated treat-
ment of the Geld, within the framework of the Schwinger theory,
is therefore still lacking. The purpose of this letter is to sketch
such a proof.

I.et a)I„ay* be absorption and emission operators for photons,
so that

A&(x) = Z (age'~' +a)I,*e 'k' )ey&g(k),
k, X

where ey is the polarization vector of the photon P, and g(k) is a
certain function of k. Corresponding to a single momentum k, we
may choose the e)I„)= 1, 2, 3, 4, so that

ey e„=og„, (e3+Ze4)„=f(k)k„. (2)

Then X=1, 2 are transverse photons, X=3, 4 longitudinal and
scalar. This choice of ey, together with the reality condition for
the A„, implies that a& is the Hermitian conjugate of az for
)I =1, 2, 3, and of (—ay) for P =4. The vacuum state +0 satisfies
the conditions

aI%'0= a2+0 =0 (definition of vacuum), (3)
(a3+ia4) 4'0 =0 (supplementary condition). (4)

Also the a)I, satisfy commutation relations

t at„a„]=La),*,a„*l=O, I a)„a„*)=5),„. (~)

Prom (2)-(5) one deduces the vacuum expectation values of

The di8erence of y between Z=2 and Z=20 does not seem to
be significant. The average value of y is 1.64. Thus their spectrum
is not significantly different from that of the primary protons
which seem to constitute the majority of the primary cosmic
radiation.

It is obvious that the result reported here is only a first approxi-
mation and is subject to revision. For clearly, the photographic
plate is a very poor directional instrument and, in addition, there
are at present only two measured points on the curve of the
latitude effect of the heavy nuclei.
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products of two a), as follows. Let a function 4t (k) be defined by

(a3* a3)0 (e3.k)sp(k).

Then by (2) and (4)

(a3 a4)0 (e3.k)(e4 k)4 (k)

and similarly

(g),* g&)0 ——@(k)(eg.k)(e& k), ), @=1,2, 3, 4,
(a), a„*)o=b)I,„+@(k)(ey k) (e„k).

These relations yield

(A „(x)A „(x')+A„(x')A „(x))0
= Aced„„D&')( —')+(B'/B „Bx )@'( —'), (7)

where 4 is a function left undetermined by the conditions (2)—(5).
Schwinger' gives as his prescription that we are to take 4 =0 in

(7). Within the Schwinger theory, this prescription is the only
point at which the correctness of the treatment of longitudinal
photons comes in question.

In consequence of the gauge-invariance of electrodynamics, and
in accordance with the argument of Feynman cited above, (7) will

always be used in the evaluation of matrix elements of operators
of the form

JE„„{x,x')A„{x)A„{x')deck',

where E„„is a tensor satisfying the conservation laws

BI{„„/Bx„=O, BE„„/Bx„'=0. (9)

The second term on the right of (7) contributes zero to all matrix
elements of (8). Therefore all results of the theory are independent
of 4, and will be given correctly by taking C =0 in (7). This fact
justifies the unseparated treatment of the transverse and longi-
tudinal fields.
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IX lines have been observed in the region 20.9 to 21.5 thousand~

~

megacycles per second when BrF3 or BrFI was admitted to
the absorption cell. These six lines become considerably more
intense when F2 and Br2 are admitted to the cell at approxi-
mately equal pressures, and six additional weak lines become
observable. The line frequencies and the Stark shifts can be
readily interpreted as the J=O+-+1 transition for BrF. The
existence of this spectrum constitutes the Grst direct evidence for
the chemically stable existence of this particular diatomic halide. '
The earlier observations of the emission spectrum' in addition to
verifying the physical stability of BrF, suggest that this compound
should be chemically stable.

The line frequencies, with their assignments, are given in Table
I. In Table II, the constants derived from the spectrum assuming
a BrF model are presented. The large values of the nuclear quad-
rupole coupling constant and of the dipole moment to be expected


