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LET us consider the relativistically invariant
equations for particles of spin 3/2 in an
electromagnetic field:*

(ahnk +ix)¥ =0, 1)

™y =0/0x, —ieA,, (=0, 1, 2, 3).

We write the matrices o, in the parametric form
of Petras!:

@t ="y, (B — Bt/ V'3, yhyl 4 yigh — ggik,
BikBlS — gleiS, YlBik — Bileo
From Egs. (1) we find the supplementary condi-

tions in relativistically covariant form:

Dy, B™¥ | V3 = — iqF, ynpmiy, (2)
D=I—1, iansypys, a=23(24+V 3)e/x;
(lesnh + ileS) \F — 0,

les —_— ths — _YkBSl — YlBSk (3)

+ (YR — Pyl v, BSE 213,

Rls — le _YlYiBSi /A + V'g)
(F,; is the tensor of the electromagnetic field).

Since Qu" =0, then the term with 7, is missing
in condition (3). For [ =0, the term with a time
derivative is absent from (3).

Multiplying Eq. (1) by the matrix
0=71--1,2—-V3) YsYi BSt

and applying condition (2), we get the relativis-
tically invariant equation

(&P, 4+ ixM) ¥ =0, (4)
_V3 I
wh— vk — i—-1 5 3 aan'kaiD Lyngim

+i@2—V3)aF,, D y"B"",

2V 3— - .
M=1+i——V:;’ 3aanyiD lyngim
1—V3a/d -1 i
""“E“‘::(&g;ﬁhmvp D )Y"B”"

—(1—V3) ((;z_p anD‘l) LB,
Condition (3) is now the condition for the com-
patibility of Eq. (4) and condition (2). The funda-
mental equation (1) is equivalent to Eq. (4) with
conditions (2) and (3). We note that Eq. (4) is
non-linear relative to the electromagnetic field.
Taking into account the smallness of the dimen-
sionless parameter (aF =10~ 19 F, . where

an is measured in the Gaussian system of units),

we solve the equation relative to 9/9x,, neg-
lecting terms of second and higher order relative
toaF . Wethen get an equation in the Schrédin-
ger form

0% | 0xy = H'Y,

where H is the Hamiltonian of the particle with

spin 3/2 in the electromagnetic field in the linear
approximation relative to the small parameter aF amt
We remark that the extreme smallness of al
guarantees as negligibly small the magnitude of

the contribution in the Hamilton ian from the

higher approximations in aF __, even for strong

fields.
The Hamiltonian # has the form*

— nmv oF,
H—Ho—}—anR (pv_.eAv)+anan+ 6);”! Qnme,
Ho = vo1" (p, —eA,) 4 e@ + %o,
pvz—l'a/axv,q):—-Ao’ (5)

14+V3 e R
‘ :;—g 7 (o™ vy — vir"vay") BI™
— (1 =V3)vy" (B — vy’ B*™},

prm Z_—Vlgx {YoYiYnBim

; 2
YY" 1B — 73 YoY"YoBO'"},

R nmv __

14y
V3
14+V3 e ; =
o= i1 ED e B ) e,
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As can be seen, a particle with spin 3/2 pos-
sesses dipole and quadrupole kinematic moments
and, more over, the Hamiltonian # possesses an un-
usual term of a dipole type which depends on the
momentum.**

Averaging is carried out over the charge density.
Therefore the normalization condition has the form

S‘-F'p‘l" (dr) =1,

p =no 0 is the Hermitian charge density matrix.
The matrix 7 which determines the invariant bi-
linear Hermite form (®*1¥) is found in the form

.. — ik
n=— voB +@2— V 3) vrovu B

Correspondingly,
o=—Bi+ (1 —V3) yy,B* V3

+;¥B® / V'3 + vov;B% | V3.

The mean value of the energy of a particle with
spin 3/2 in an electromagnetic field will be deter-
mined by the formula:

E— S\y*pi a_‘i_ ¥ (dr) = S‘I’*pH‘I’ (dr).
(1]

Hence for a guarantee of thereality of £ we have
the condition of the quasi-hermiticity of the opera-
tor H:

S {(HD)* 0¥ — ®*oHW} (dr) = 0. )

For the Hermitian (5), the condition (6) is satis-
fied by taking into account the additional condi-
tions (2) and (3).

The value of the energy in the linear approxi-
mation relative to the small parameter aF m 18
represented in the following form (at the same
time we transform to the Gaussian units):

. _ 7
E:SIF (_B“){H0+.§(2+V3)Mf‘,_,% @

mwy v \
X [RY: EH—!-R};HH](pV——%AV)

2 ~ Hhe? "
— 5 @+V3) 75 [REE, + REPH |0

2 7 h%e LvaE" J.vaH »
+F QYD gy | 0 5+ o k],

v

Thus a contribution to the energy, in addition
to terms of the Hamiltonian of the Dirac type H j,
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is made by supplementary terms of the dipole type,
which depend on the momentum, and on the quadru-
pole electric and magnetic moments. Averaging

in Eq. (7) is carried out over ¥*(— B!y ¥— the
charge density of free particles.

For comparison we note that particles with
spins 0 and }; do not possess kinematic moments
while a particle with spin 1 possesses kinematic
dipole moments, which do not make a direct con-
tribution to the energy but, in spite of this, are
said to be electromagnetic interactions35.

I consider it my pleasant duty to express my
thanks to Dozent S. V. Izmailov for pointing out
the theme and for his constant interest in the
work.

* The analysis is carried out in a s
which &
the form

ystem of units in
=c =1. The metric tensor g‘¥ is chosen in

=—gl=—gt=— g, gh=0 (4.

* In the summation the Latin indices run, as above,
over the values 0, 1, 2, 3, and the Greek over the
values 1, 2, 3.

** Terms of such a type were first obtained by Dar-

win® in the non-relativistic approximation for particles
with spin % in an electromagnetic field.
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IN experiments conducted up to the present time
there has not been discovered any noticeable



