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Letter %o the Editor of the Physical Review

Density Matrix in the Theory of the Positron
In the rresent theory of the electron and the posltron,
only one sort of them is considered at first, the existence
of the other being deduceld as necessary counsequence of the
theory. One can nroceed, however, on the reverse way, accepting
the existence of both at the beginning and introducimg_arterwards

r vossible relations between them., The mathematical

theoreticall

formulation of the latter method will be as follows.

-t

The rnuantized wave functions {x k) and {x K) cf the

electron and the positron satisfy Diracs eaquations

k]

resnectively, where x denote nosition and time and k takes

ither of the values 1, 2, 3, 4. If we adopt a representation

in which all matrix elements of s are real snd those of are
pure imaginary, the wave funcitions and » which are complex

conjugate to and respectively, satisfly the same equations

(1) for and respectively, so that i the relations
Pyt
Ar
are assumed at an instant for all points, they will remain to
1y mathematic axpressions

hold good forever. *h

the eouivalence of the anti-electron and the nesitron on the
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above ecuivalence. In Diracs epnroximation,
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are moving in a comnon field, it reduces %o
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Where denote normalized | unounantized ) wave functioms of statio:

1

of stationary states of the elsctron.
In the case and , 1f we denote the wave function
1 s T 1 - - 1 . - i e o o o
of a rositive energy svave Oy » 1ts complex conjugave

will be the wave functions oi & negative energy state. Hence,
if all the nezatlve energy states of the electrons are occupied
and all the rositive energy states are empty, (5) will be zero
for any values of x k and X k, each term in the Tirst sumnmation
being compensated by the came term in the second, whereas (5)
is not zero and hecomss infinite for x x. Thus, if there are
#inite number ofun uncccupied negative energy states end
. Tinite number of electrons

and rositrons., (B5) will remain tc be finlte everywhere.

1f notentials are not zero, we should take gauge invariant

denslty matrix
shich also reduces to zmere in Diracs approximation for empty

s51ace Lthout ezkernal field.

L)

r weal crternal field, the density matrix ( ) was Tound
to be infinite for x x in general, applying ordinary perturbation
theory. Thus, similer subtdraction technigue as in ordinary

theory =eems to be needed in the presence of the field, so
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