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~N a recent letter Jehle' has considered a two-component wave
- ~ equation; it is of interest to know the relationship of such
equations to Dirac's equations. The object of this letter is to show
that by modifying Kddington's' method of deriving Dirac's
equations we can obtain an equation additional to Dirac's and
simpler in form, which may, under certain circumstances, be put
in two-component form. This differs somewhat from Jehle's
equation, but its derivation suggests that it is the two-component
equation most likely to have physical interest.

It is convenient to use quaternion notation; f;, (i =1, 2, 3), are
the usual quaternion units, and f0=i. For a quaternion q, where

q=qfk
we write

Sq=q'fo

When the position quaternion,

q
—xkfk

undergoes the orthogonal transformation

q'= aq&, (I a
I
=

I
b

I
=1), (2)

a "wave quaternion, "
P, is defined as one which undergoes the

transformation,
f'= af.

If p is any other quaternion and

the obvious identities

P=~ 4v q= I (3)

~P=« (4)

are equivalent to Eddington's' simple wave equation; and their
covariance under (2) is equivalent to

I =aPa i q =q) y =ay,
where q is the conjugate quaternion to p.

The divergence of a mixed (see Silberstein4)
the invariant

quaternion, j, is

divj= S(Bj/Ox' —Vji); (6)

since the four quaternions,

j(~)=S (4f v)+~ kv (~=0. 3) (7)

are mixed, the identification of one of them with the four-dimen-
sional probability vector is suggested. Using (6) leads to the
equations

v'lp —(~/Bx')f~ =Mtp, yv' —f (8p/0x') = —3ly, (8)

where M is a linear quaternion function of a quaternion, M its
conjugate (Hamilton~) and under field-free conditions M, 3f have
special forms so that iteration produces the second-order wave
equation. If m~0, these are identical mph Dirac's equa/ions as
written by Conway, l and are well known to admit a 4X4 matrix
representation. If a=0, however, the lp-equation, for instance,
becomes

v'P —i(&P/Bx') = MlP,

or, it may be written

where
fk(hP/Bxk) = —3', (10)

f'= a'"&=A kU "f"+t'"f") s(f'l") = -8=" (&&)

The special form of the left-hand side of (10) allows of a 2)&2
matrix representation of the fk, and P is then represented as a
two-component column matrix. Such a representation of M is
not, in general, possible, but when it is, a two-component equa-
tion is true. One such possibility, suggested by considering the
case when @ has real quaternion components (i.e., S Pf;),
(i= 1 ~ 3), 5 f, real), is the equation, where now fk and X, p,, P

then
p, —vf

(13)

where v is a scalar. Writing now

f2fk +k y p, +k

we find that
k= —pk for /~2 +2= J2

(14)

and the pk obey the same rules as the fk. The equation becomes

ykI (8/Bxk) —ykQ = vtp*,

where the Xk describe the applied field. Jehle's choice of a special
form for sk, involving complex conjugates, restricts the Xk to the
form, i', which he considers; however, Eddingtonv has remarked
that, in Dirac s theory, this is an unnecessary survival of Hermitic
conditions from the Schrodinger theory, and it seems as if the
same should apply here.
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'T has been reported' that the self-quenching counters, usually
- - employing argon or some other gas mixed with some organic
vapor, show a temperature dependence of their counting rate
which can be sometimes troublesome. Korff, Spatz, and Hilberry'
during their experiments on argon-alcohol counters found a
marked dependence of the counting rate on temperature. They
also found that the plateau disappeared at lower temperatures.
Putman, ' in trying to eliminate variations of counting rate with
temperature, found that there is a bodily shifting of the plateau
towards high operating potentials as the temperature was in-
creased. In his case, however, when the plateau was flattened with
an external quenching circuit, the counting rate became largely
independent of temperature.

The temperature dependence of the counting rate has been
explained in terms of the action of the quenching vapors in a
counter. Most of the organic compounds are vapors at room
temperature. At lower temperature, however, some of these will
condense out with the following result: (1) There may be insuf-
ficient quenching vapor left. Under such conditions, the number
of vapor molecules and consequently the eEect of quenching will
depend on temperature. (2) The liquid might condense near the
electrodes in such a way as to cause semi-conducting paths across
the insulating material between the wire and the cylinder.
Leakage across such paths can manifest itself as spurious counts.
It is therefore very important to know the range of temperatures
within which we can safely use the G-M counters, and the present
investigation was undertaken to this effect.

Two counters were chosen, one with internal and the other with
external cathode. The counter with internal cathode, prepared
in this laboratory, is a usual type of glass enveloped counter with
a thin oxidized copper cylinder cathode, filled with commercial

represent matrices,
fk(~/Bxk) =)p+ pip*. (&2)

Under field-free conditions iteration must give the usual wave
equation; this requires X=O, and if we choose the representation


