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SPIN 1/2 PARTICLE WITH ANOMALOUS MAGNETIC MOMENT AND POLARIZABILITY

Within the general method by Gel fand — Yaglom, starting with the extended set of representations of the
Lorentz group, we construct a relativistic generalized equation for a spin 1/2 particle with two additional
characteristics. We take into account the presence of external electromagnetic fields. After eliminating the
accessory variables of the complete wave function, we derive the generalized Dirac-like equation, the last includes
two additional interaction terms which are interpreted as related to anomalous magnetic moment, and a second
additional characteristics looks as related to polarizability of the particle.

Key words: spin 1/2 particle, external electromagnetic fields, anomalous magnetic moment, polarizability.

‘Iacmuua co cnunom 1/2 ¢ anomanviovim MazZHUMHBIM MOMEHIOM U noaapuszyemocmasio

B pamxax obwezco memooa I envgpanda — Henoma, ucxoos us pacuupennoeo Habopa npeocmaegieHull
epynnul Jlopenya, cmpoumcs peisimugucmcekoe 060oujennoe ypasuenue 0Jis yacmuysbl co cnunom 1/2 ¢ 0eyms
O00NOIHUMENbHLIMU Xapakmepucmukamu. [Ipu smom yuumvieaemcs HAIUYUe GHEUHUX INEKMPOMASHUNMHBIX
nonei. Ilocne uckmouenuss OONOIHUMENbHLIX NEPEMEHHBIX NOJHOU 8OJHOBOU (PYHKYUU NOTYUeHO 0000weHHOe
ypasnenue muna Jupaka, exmodaioujee 08a OONOIHUMENbHbIX YWICHA 63AUMOO0EICMEUs, OOUH U3 KOMOPbIX CE3AH
C AHOMATIHBIM MACHUMHBIM MOMEHMOM, d 6MOPOI — ¢ ROJSPUIYEMOCTIbIO YACTUYDL.

Knrwuesvte cnosa: uwacmuya co cnumom 1/2, eHewiHue 21eKmMpoMAacHUMHbIE NOJIsL, AHOMATbHbIU
MASHUMHbBLI MOMEHN, NOAAPUZYEMOCTID.

Introduction

Within the general method by Gel’fand — Yaglom [1-3], starting with the extended set
of representations of the Lorentz group, we construct a relativistic generalized equation for a
spin 1/2 particle with two additional characteristics. In [4], it was studied the same set of irre-
ducible representations of the Lorentz group, but author restricted themselves only to a free
particle theory. In the present paper, we have taken into account the external electromagnetic
fields. After eliminating the accessory variables of the complete wave function, we derive the
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generalized Dirac-like equation, the last includes two additional interaction terms which are
interpreted as related to anomalous magnetic moment [5—8], and a second additional charac-
teristics which seems to be related to polarizability of the particle.

1. Gel’fand - Yaglom formalism
We will construct a P -invariant relativistic first order equation for a particle with
the M and the spin S=1/2

r,0,+M)¥=0 (1)
by using the set of representations of the Lorenz group with the following linking scheme
3(1/2,00 - 3(01/2)

| |
a1/2) - @/21°

The corresponding system of spinor equations has the form

o (A, + 40, + 4,D,) + /1482 fb(aC) +My* =0, (2)
aab (ﬂll//b + AZ(Db + ﬂ’&q)b) + 1482 f(zc) +M l//a = 0' (3)
0% (AW, + 2, + 2D, + 408 £.490 + Mg? =0, 4)
0, (AsW® + 2@’ + 2, @) + 2,05 £, + Mgy, =0, )
o® (AW + Ao®, + 41 Dy) + 2128: fb(aC) +Mo* =0, (6)
0,5 (Ag® + Ao@® + 2, @°) + 2,05 £ +M®, =0, @)

% [02 (A + 2up” + 25 @)+ 8 (g + A0 + 25 )] +
v %[8'@ fo + 0 fi 1+ M = 0, ®

%[ag (Ao + ety + Aus®y) + O Guglty + Aatps + Aos®,)] +
; %[% 109 40, 1991+ MfS, = 0. 9)

The numerical parameter A will be restricted later on. Below we will use the notations
(we will apply the imaginery time coordinate x, =ict)
1 i |C
= [ oM. =
0-[1 Oi

0 —i
= Jcﬂ’.&
viow, o, Pod, fOofL

0
O :%aﬂ(o-y)ab’ (O'l)ab :L_ j &° o

The operation of P -reflection is determined by the relations
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The system (2) — (9) can be presented in the matrix form). The components of the
complete wave function y will be listed as follows

(spinor) —

W W v w0t 0 0, 0,0 D, Dy, D

f i .I: i f i f 2 f 2 f 2 .I: i) ’ fl(ii) ’ fl(QQ) , fg(ii) , fz(ii) ’ f2(22) )T :

ay: ‘a2 'e2r Tay 'a2r e 1

the symbol T stands for the matrix transposition. Correspondingly, the matrix T';""" has the form

o 0o 4 0 0 0 4 0 0 0 A4 0
o o o0 4 0 0 0 4 0O 0 0 A
4 0 0 0 4 0 0 0 A4 0 0 0
o 4 0 0 0 4 0 0 0 A4 0 0
o 0o 4 0 0 0 4 0 0O 0 A 0
o o 0 4 0O 0 0O A4 0O 0 0 A
2 0 0 0 4 0 0 0 A 0 0 0
o 4 0 0 0 4 0O 0 0 A4 0 0
o 0 4 0 0 0 A4 0 0 0 A 0
o 0 o0 4 0 0 0 A4 0O 0 0 A
4, 0 0o 0 4 0 0 0 A4, 0O 0 0
o 4 0 0 0 4 O 0 0 4 0 0
o o o ©o0 ©0 0 0 O0O 0 0 0 0

™=y o & o o o & o o o & o

2 2 2

o 0o 0 4 0O 0 0 A4 0O 0 0 A

o 0 -4, 0 0 0 -2 0 0 0 -a O
0o o0 o - 0 b9 0 s

2 2 2

o o o o0 ©0 0 0 O0O ©0 0 0 0

o o o o ©0 0 0 0O 0 0 0 0

A9 9 0 A oo o o0 & o o0 o

2 2 2

o -4, 0 0 0 -4, 0 0 0 -2 0 0

4, 0O 0 O 4, 0 0O 0 4 O 0 0

o A& o o o “ o o o % o o

2 2 2
©o o o o ©0 ©0 0 0O ©0 0 0 0
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o 0 0 0 0 0 0 A4 0 -4 0 O
o 0 0 0 0 0 0 0 A4 0 -4 0
o -4 0 4 0 0 0 0 © 0 0
0O 0 -4 0 4 0 0 0 0O 0O 0 O
o 0 0 0 0 0 0 4 0 -4 0 O
0 0 0O 0 0 0 0 4 O -4 O
o -4 0 4 0 0 0 0 0 0 0 O
0o 0 -4 0 4 0 0 0 0 0 0 O
o 0 0 0 0 0 0 A4 0 -4 0 O
o 0 0 0 0 0 0 0 A4 O -4, O
o -4, 0 4, 0 0 0 0O 0O 0O 0 O
0o 0 -4, 0 4, 0 0 0 0O 0O 0 O
o 0 0 0 0 0 4 O 0O 0 0 O
o 0 0 0 0 0 0 % o A g g
2 2
o 0 0 0 0 0 0 0 0 0 A O
0 o 0 0 0 0 4 0O 0 0 O
o 0 0 0 0 0 0 o0 & o A g
2 2
o 0 0 0 0 0 0 0 0 0 0 A
s, 0 0 0 0 0O 0 0O 0O 0 0 O
(10)
0o & o A g 0 0 0 0 0 0 o0
2 2
o o o0 0 4 0 0O 0 0O 0O 0 ©
o 4 O 0 0 0 0 0 0 0 0 O
0o 0o % o % o 0 0 0 0 0 o0
2 2
0 0 0 0O 4 0 0 0 0 0 ©

Let us transform the matrix I", to the modified Gelfand — Yaglom basis (10) [3];
the last is more convenient for obtaining restrictions on parameters A, .

To this end, first we find the matrix T'* in canonic basis.
For the use set of representations of the Lorenz group SO(3,1), the wave function
in canonical basis has the structure

canon — ¢, (U20) . (U20) . (OV2) . (V2 . (U20) (120 _(0U2) (0U2) .
"4 = (‘//(1/2,0) W0 Wovz 1 W21 P2y » P20 Pouz) » Po-12)

1/2,0) 44(1/2,0) OV2) m~0V2) . £@21) £W21) @21 ¢@21) £@21) @21 .
q)(lfz,qu)(—uz,O)1q)(o,1/2)'q)(o,—1/2)’ f(1/2,1) ) f(—]JZ,l)’ f(1/2,o> ) f(—1/2,0)’ f(1/2,—1)’ f(—1/2,—1)v

AV2) £QV2) £@QV2) £@QV2) §£@QV2) £ @V2)
f(1,1/2) ) f(0,1/2) , f(—1,1/2)1 f(1,—1/2)' f(o,-uzy f(—l,—]JZ))T'
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canon spinor

Functions in two presentations are connected by transformation = By :

its general structure is determined by the formula

(- (Zl)! 1/2 (le)! U2 (1ii-12-2)
V’“s"s')_[(|+|3)!(|—|3)!] [(|'+|3,)!(|'+|3,)!] Vaizz

where parameters (l,,l,) define the functions, transformed as irreducible representation (l,1")
for the proper Lorenz group; the number of spinor indices 1 isequal to (I+ 1,), the number of
spinor indices 2 is equal to (I —1,) ; the number of spinor indices 1 isequalto (I'+l,), 2 —
(I'-1,) . Correspondingly, the matrix ", transforming by the formulas: """ = BI';"" B,
Explicitly the matrix B reads
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Further we get

3 Al
o o o o o o o Jo o o o @@~ -~ o o o o o
|
[9)
~—
o 0o o Yo o o o o o & o o o o o o o o o
3 7l
o o o o o o o o JFo o o o o < o o o o
|
S 4%4
o o o o Yo o o Fo o o o @@~ ~ o o o o o
|
<
© 0o o o o o ¥o o o & o o o o o o o o &
o 4& o[l O]
© o o o o o o o Fo o o o o < o Oaﬂl.__J,O
|
Sﬁg o
|
1KY o~
O O O o o0 o o o o o o o o o o o o o
ol
O O S O O O o o o & o o o o o < o o o o
|
1
=
2
8 <
—
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Ay

00 0 0 0 00 F 0 -4 0 0

o 0o o o0 0 0 0 0 4 O —% 0
Ay

0 4 -7 0 0 00 0 0 0 0o 0

0 0 0 % -4 0 0 0 0 0 0o 0

o 0 0 0 0 0 O % 0 -4 0 0

o 0o 0 0 0 0 0 0 4 O —% 0

0 4 -2 0o 0 0 0 0 0 0 0o 0
V2

o 0 0 -% 4 0 0 0 0 o0 0o 0

2
o0 0 0o 0 0 0 o -2 0 0
\/5 2
o0 o 0 0 0 0 0 4, 0 -2 o
2 V2

0 4 -2 0 0 0 0 0 0 0 0o 0
V2

o 0 o0 & 2,0 0 0 0 o0 0o 0

\/5 2

o 0 0 0 0 0 %4 0 0 © 0o 0

o 0 0 0 0 0 O % 0 0 0o 0

o 0 0o o 0 0 0 & o A o o

2 V2
o 0 0o o o0 0 0 0o A g
NG 2
0o 0 0 0 0 0 A/2 0 4,/y2 0

0 0 0 0 0 0 o0 0 s

s 0 0 0 0o 0

0o & A 9 9 0 0 0 0 0 0o 0

22

0 0 0 % o 0 0 0 0 0 0o 0

0o o e o 0 0 0 0 0 0 0
2

0o 0 o & A o 9 0 0o o0 0o 0

2 2
o 0 0 0 0 4 0O 0 0 © 0o 0
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Let us find the matrix I", in modified Gelfand — Yaglom basis:

G-Y _— canon .
wo o = AT

G-Y _ ¢ (U20) (W2,0) 0V2) oV2) . (U20) (120 ov2 V2 .
"4 = (W(l/Z,l/Z) W —u2y Wz Wwo-u2y s Pz P -2y Pz Parz-12)

(1/2,0) (1/2,0) ©0.1/2) OV2) . §@21) 2,1) A12) @Av2) . £ @21) W21)
q)(llz,myq)(uz,-l/z)’q)(yz,uz)’q)(uz,—uz)’ f(uz,yz)i f(uz,—yz)' f(1/2,1/2)’ f(]JZ,—l/Z)’ f(3/2,3/2)’ f(3/2,—3/2)'

FAVD  fQU2) L f@2D)  f@2D) QU2 £ 1LV2) .
(3/2,312)1 '(312,-312) 7 '312/2) '(3/12,-1/2)1 '@I2,12)1 (3/2,—1/2))T’

G-Y _—_ -1.
ey = Areen At

the structure of the matrix A is governed by the formula

= sm 19

Vsm g g ¥ (1,130 m=1,+l,,

where C,", ~stand for Clebsch — Gordan coefficients; the summing is done over the

parameters |,,1,, related as 1, +1, =m; in this way, we get

w
&l
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L
L
|4
NG 1
3 B
1 2
B 3
1 2
B 3
) 1
A=y 3 B
1 2
B 3
) 1
3 3
2 1
3 3
1 2
B 3
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This results in
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This expression may be presented in a short form (which is the result of the use of the
modified Gelfand — Yaglom basis):

v |8 ®7, 0
' 0 peLey
where
3
A —@4
AR N S L7 o0
LY = ° 2 B2k 4 0 0 O
' 6 Vs
3 1 0 O
29 210 ﬂ‘ll - 5/112 01 0
3 3 3 1
\/;213 Eﬂu \/; 5 5/116

We can readily verify that the P - invariant conditions are satisfied

P ®y, 0

G-Yp — pr6-Y p—
ry"P=PI',;)7" ,P= 0 PO @1 @y,

,P(l/Z) = |4, P(3/2) = _1.

2. The Lagrangian form of the theory
In modified Gelfand — Yaglom basis the matrix of the bilinear form has the structure

kk 0 0 O

- "2 ®y, 3 0 9 = 0 k, 0 O D = k= 41,
0 7 ®1,ey, 0 0 k, O
0 0 0 Kk,

From the constraint (#I",)" =, it follows
H=hy A5=h A=Ay A= A
2‘; = k1k2ﬂ2’ ﬂ‘; = k1k323’ 11*0 = k2k3ﬂ’7’
/11*3 = _k1k4]°4’ ﬂ{; = _kszBv j1*5 = _k3k4/11*2-

For instants, if k =+1,k, =-1,k; =-1,k, = -1, then we have

/L;:_ﬂ?’ /Fig:_ﬂa’ ;‘12:27’ 21*3:/14' ﬂ;:_ﬂa’ ﬂ;s:_ﬂiz;

just this variant is considered below.

3. Restrictions on the parameters /.

Let us find restrictions on the parameters /4, , followed from the requirement to have the

theory for a particle with single mass state M and single spin S =1/2 state; the last means
that the state with spin S =3/2 is absent

A =0.
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Thus, the structure of spin blocks is
3
A 4 4 —\E%
3
s Z z —\Eﬂa
3
Ag ﬂlO ﬂ'n - 5212
3 3 3
B fu

Besides, because the matrix A“? should have only one proper value (+1), and all
remaining ones should be equal to zero, We have additional constraints

At e+ 4, =1, (12)

ﬁ(l/Z) — , ﬂ(3/2) — 0 (11)

Aol + Aol + Ao = Ads = Aoy = Asdoy = g (Aahis + Aghy + 413 4h5) =0, (13)

(Ads + Ao + A6 s) = (W Aoy + iAo s + A Al + Ao Al +
Ao Ao + Aol g + Aoy + Ae g dog + Aoty ) +

+% (A + A A + Ay Ay + Ay As Ay + Ay Ao s +
+A6As s + i A s + Ao s + A is) =0, (14)

213 (12/17]12 + 1426/111 + 2328%0 - 1417/’110 - 2326112 - 22/18311) +
"%14 (/141729 + 2325212 + ﬂiﬂeﬂn - 11/17112 - 24/15211 - ﬂsﬂsﬂg) +
+ s (WA, + A Ash + Ao hy = A sy = o As Aoy — A e ) = 0. (15)

The last are results of two equations
Sp(BY?)" =1, detp¥? =0.

The relations (12) — (15) looks cumbersome. They may be simplify, if we take into
account the possibility to break some links between repeated representations of the Lorenz
group. At this, the physical content of the results remains the same. Such a break is reached by
imposing the following conditions

b =A= A=A =4 =4,=0. (16)

Correspondingly, we obtain

It gt Ay =L an
i+ Ay + e + 2 s + s+ ) =, (18)
Ols 4 oy + Afo) = R 4 3 Uil + s + ndeade) =0, (29)

Aideng + Adgh Ay + A Aoy Aos = 0. (20)
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Taking in mind restrictions (12) — (15) or (16) — (20), we get the presentation for
minimal polynomial of £%? (11)

(B2F1p? -11=0;
the minimal polynomial for the matrix T", is I'3(I'; —1) =0.
4. Spin-tensor form of equations

For the following, it is convenient to transform equations to spin-tensor form. At this,
we will take into account the known relationships

(k1) — o(kn) Pogs m _— o(rs) m
fm - 5 (O-ﬂ)m f,u ! f - 5(kn) (O-ﬂ)r f

(rs) (kn) (21)

su?

where &), 85 are the generalized Kronecker spinorial symbols

M 1 < oh < oh rs) — 1 res res
5 =560 +8L5). o) =2(60)+513)),
Two first spinor equations may be presented as follows

710%™y, +%[ag (0")2 2 +05(c™) £21+ My =0,

b

20 " +%[ag (@)% f,, +32 (o)L f,, 1+ My, =0,
or
ia £\ ab ﬁa _ AL v fb_ vybc Y] fa M é_o
: ,,(G)V/b+2i J(0) (0") T, —(0") (6"),; T/ 1+ My ™ =0,
ia (o) 5+£6 [-(6")..(c)*f. —(6"),. (") f ]+ My, =0
i u abl// i v ac bu bé au Yy =Y.
Taking in mind the identity
(0")*(0" )y = (") 4 (0") " =26, (22)

we get

al A ace v ) a a_
%8#(0'”) bwb+2—‘i‘6v[—(0") ("), fo+2f21+My® =0,

-2 ,
%a# ()" + 50, [0 (0) , 21,1+ My, =0,

Two last equations may be joined to the one

0 4\ ab b
P C| 2
i (0" s 0 v,
(M)A (Y a b a
+/1—‘_‘6V (0")* (") +25:9,, 0 | f, ml¥ -0
2i 0 —(G”)ac(av)°b+25§5w fou Va

Due to identities
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()0 e + (0 (07D = 26,00, (0")(@)* +(0 (0") = 25,,55,  (23)

uv uv-_al
1l 0 (eM)®
H(0%) 4 0

the previous equation is written as follows

Y :

R Y A A 1x
MO +220,(7,7,+25,) 1, + My =0= 20y =240, =207, f,+My =0, (24)

where  is a bispinor, and f, is a vector-bispinor. Similarly we derive the following two
equations

zaago—ﬁ(a —157/ﬂ)f#+M(p=O, (25)

2,50 212 20, l@yﬂ)f FM® =0, (26)
Now consider equation
102Vt + A+ s ®) + Gy + A + s MES =0,
Allowing for (21), we obtain
[6""(&3'// + A" + 2us®°) + 0% (Ayar* + Ay +ﬂa5<l>"")]+—[(0“)c t2+(c*) fi1=0.

Let us multiplying the last equation by (c*)¢
2o (050l + (0 1+ 20750l + (07500 T+

+%[<ai);aicbﬁ+<o*> R DRI COHCDR AL
or

ﬁ[_(o_ﬂ.)acacawb _aﬁc (O-l)ca‘!//a]"'ﬁ[_(oj)ac@ca@b. _660 (O_A)Cé¢a] +

/115[ (07)*0,@° —” ("), @ 1+ o (07)*(6")a f2 = (") (67) s 151 0.

cay

Whence taking in mind relations (22), (23), we get
2 . 5 s 2 _ . .
213[75/1‘/6‘/‘/}) —o" (Ji)cal// ]+114[75/1vav¢b_ab (Gﬂ)caqp 1+

+215[ 5,0,0° —0%(c), ®*]+M[25,, 5 —(c)*(c7) 0,

AvTy au " u ca ,u]

or

1 ) vybc 1 ) vybe
ﬂlfﬂiav[Zé‘iva —(o )b (Oj)cal//a]"'ﬂm?av[zgzvqob (o )b (Oj)ca(Pa]"'

+45%6V[25M®5—(aV>5°(al)cad>a]+M[%ff—(0“>ﬁ°(0) 0. @n

ca ,u]

Similarly, the equation
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1 ¢ ¢ ¢
E [0 (s, + A, + AsDy) + 0y (A, + A4y@5 + AP )]+ Mf(ab) =0
is reduced to the form

1 v a 1 v a
213?61/[25/1\/‘/’13 —(o )bc'(o'/l)C w1+, Eav[25ﬂv¢b —(0" e (OJ)C .1+

l v ca ca
s 70,120, @, = (07), (@) ®,]1+M[25,, T, = (") ()" T,,1=0. (28)
Equations (27), (28) may be joined into the one

25@@? _(Gv)bc (O'/l)ca 0
0 25,6, — (0" )pe(0")®

a

i
Py

2
i

[As| |+

14

w
v,

a

25,60 —(6")*(0")es 0

+M | .
0 26,05 —(0" )y (0")"

=0,

D,,
or differently

1

iﬁv (20, + 7,7 )MAy + 4,0+ A4 P]+M (25,1,, +7y7/1) fy =0.

Thus we arrive at the equation

M(@3,, 4 7.7,)8, =10, = 7y + Jup + 251 =0, 9)

So, the system of spin-tensor equations has the form (24)—(26), (29); where we should
take into account the constraints on parameters A4 (16)—(20).

5. Minimal system of equations, the free particle case

From eq. (29) let us express the quantity (&, —%7//1}/#) f,:

1 i 1 x
(5,1,, _27,17/;,) fﬂ = M(az _27/18)[113'//"']14(0"'215@];

whence we derive

L 13

@, —Zéyﬂ)fﬂ = 4D(213y/+/114¢)+215®), 8,0,=0 (30)
Taking into account relations (30) in equations (24)—(26), we obtain
(M + 209) + 2 2,00+ + s ®) =0, (3D)
(M + 20)p+ > Ay + Ap+ 1) =0, @)
(M + 2 2)0 + 1 Oy + A+ 7s®) =0 (33)

Let us act on equations (31) — (33) correspondingly by the operators,
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As(M +4:0)(M +4,0), A, (M +A4)(M +4,0),  As(M +A40)(M +20);

and then sum the results. In this way, we arrive at the equation

{M® + M0+ M (A5 + Ay + 2 20) A A 20y D0} (g ¥ + g0+ 23 ) +
+%{(/W13 + gy + Ay Aas)MZ + MIA A (A + Ayy) + Ag Ay (A + Aay) + Ay g (A + 25)]0 +
H( A As s + Ade Ay + Ads A s L (A + A0 + A, ®) = 0.

Allowing for the restrictions (17)—(20), we derive the equation
M *{0+ M} Ay + A9+ A1s®) = 0,
which coincides with the Dirac equation for a free particle
O+M¥Y =0, ¥=Ap+A,p+AD.

6. The minimal system of equations in presence of electromagnetic fields
Let us start with the first order system in presence of the electromagnetic fields

(M +Alb)y/—i2/14(oﬂ—%[3yﬂ)fﬂ =0, (34)
(M +4,D)p—i24,(D, —%[Syﬂ)fﬂ =0, (35)
(M +4,D)®-i24,(D, —%f)yﬂ) f, =0, (36)
M8, =377, £, ~1(0; =3 . OVt + o+ @1 = 0; @)

where D, =0, —ieA,.
From the last equation in the system (34) — (37), let us express the quantity

1
(52.;1 _Zj/ﬂ,yy) f,u :

1 i 1 4
(5/1# _27/17,,) f,u = M(Dz _ZVzD)(A3‘//+214(P+215(D)-
Act on this equation by operator D, :
1 i 1aa
(D, 2 Dy )f, = M(Dz 2 DD) (4, + 4,0 + 45P), (38)

where D?=D,D,. Allowing for expression (38), we can rewrite equations (34) — (36)
differently

(M + 2D)y +24,(D7 5 BB) g + A+ 7s®) =, (39)
(M + 2D)p+2 1y (DF — DO) ot + A+ 1s®) =, (40)
(M + A,B)0+2 1, (D -5 BO) Uy + s+ /) =0 @)

Act on equations (39)—(41) correspondingly by the following operators
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As(M +4,D)YM +4,D), A,(M +AD)M +4,D), As(M +AD)M +4,D);

this results in

M + MDD+ M (A + A, + 27,) DD +
A DOOW 42 A/ M + M + ) B+

+757,,DD}(D? —% BD) (A + Ay + 415®) = 0,

AifM® + MZD+M (44 + Ay, + Ag4,) DD+
A DODYp+ 27, M + M i+ 2,)D +

+2,4,DB}(D? —% BO) (A + g+ s ®) = 0,
As{M® + MZD+M (44 + Ay, + A 4,) DD +
#3J A DOBYO 42 2, M + M (2 + &) D+

+3,/gDBH(D* =5 DO) iy + A9+ 1) = 0.
Let us sum this three equations
{M° +M?D+M (44 + Ay, + A As;) DD + 4,4 24 DDDY( Ay + Ay ygp+ A5 ®) +
+ UM iy + s+ rs) + MU U + )+
+ A a (Ao + A1)+ Ay g (Ao + 21D +[ Ay A Ay g + A A2 oy +
Ao usJOBHD® = 2 BB) U + A+ 7s®) =0,

The last term in eq. (42) vanishes identically due to restriction (20). Thus, we have

{M3®+M?D+M (A4 + A Ay, + A4, ) DD + 4 A A, DDD +
+2M (A A, + Aghyy + Ay s )(D? —% DD) +
+2[ Ay A3 (A + Ay) + Aoy (A + Au) + Ao s (A + A5)]
<D(D —; DOV} + 4+ 7s®) =0,
Taking in mind the identity
o

AA = N2 _i _ .1
DD =D —ieF .l where F[#V]—@A»—GVAH, J[M—Z(yyyv—yvy/ﬂ),

we transform the previous equation to the following one

(42)
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IV MD+ M Uiy + Ay + AeAu)D° + M (L +
s+ i) DF 1M Gy 4 A 4 AP

M (R + A+ s P o +
M s ey + 5 O U+ ) + g O+ ) A G+ 2

<O el gy + > Vs + ) + s G+ )+
+ A5 (4 + 4)] Iﬁl:[W] j[yv]}(ﬂl3‘// + 4,0+ 4;0) =0,

or
{M?® + M?D + 2ieM (A4, A, + Ay + Ay s Ry g +

Hg + s+ ) + 2 Gt + Fdados + s+
+2 AU + o)+ 3 Afuae + )+ A G + 2 JIDD? +
H[-( s + o + )= 2 U + s+ uihas) + 5 G+ )+

+2 s )+ i U 2 )IOF, b Uil + oo+ ) =0
Thus, we arrive at the equation
{M®+M°D +2ieM (A4, A; + Ag iy + Ay his) R g +
20e[(Ag + A1) Ao + (Ao + Ay Ay + (Ao + 26) ApAus 1D a6
(AP + A+ As®) = 0.

Therefore, in presence of the external magnetic fields, we have the generalized
Dirac-like equation

A ie .
{D +M + ZM (’14/113 + /13/114 + 212/115)F[uv] J[ﬂV] +

+2% [(As + Au) Auis + (A4 + Ay) Aoy + (A + ) Ay AisIDR oy o FP = 0 (43)
with respect to the bispinor function

V=AY + 4,0+ A4:D;

equation (43) contains two addition interaction terms.
The first term
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ie . . .
2 M (/14/113 + 28214 + 112/115) I:[,uv] J[#V] = Ie/u F[,UV] J[#V]

relates to the anomalous magnetic moment of the particle; the second term

ie A . A .
ZW[(A'G + //111)2’4%3 + (//ll +le)j8//{14 + (ﬂl + j’6)/,112215]DF[,uv] J[/.ll/] = IeO-DF[,uv] J[;tv]
may be considered as referring to some additional characteristics of the particle (polarizability).

Conclusions

We have constructed a generalized relativistic equation for a spin 1/2 particle with two
additional characteristics in presence of external electromagnetic fields. After eliminating the
accessory variables of the complete wave function, we have derived the generalized Dirac-like
equation, the last includes two additional interaction terms which are interpreted as related to
the anomalous magnetic moment and the polarizability of the particle. This equation may be
a base for experimental testing the intrinsic structure of the spin 1/2 particle.
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