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Abstract. It is shown that. for spin-1/2 particle in a nonlocal field, the 
large component. oft.he Dirac bispinor can be obtained. A rigorous expres­
sion for the spin-orbit potential in case of a nonlocal separable interaction 
is derived. 

1. Iutroductiou 

The use oft.he Schrodinger t'quat.ion wit.h a nonlocal separable intnact.ion achieved 
definite success in the t.heoret.ical nuclear physics, especially in the physics of the 
few-nucleon systems. In t.he separable potential the spin-orbit interact.ion is usu­
ally included such that t.his interact.ion is considered phenomenologically without 
theoretical basis [1-4]. 

In the present work we derived a rigornus expression for the spin-orbit interac­
t.ion from the large component of the Dirac bispinor in ca5e of a nonlocal separable 
interaction. The use of a nonlocal potential in t.he Dirac equation is helpful in this 
regard that in such case, as in t.he case oft.he Schrodinger equation, the problem is 
solved exactly. 

2. Formulation of the Problem 

The Dirac equatio11s for the spiuors q)( 1·) and \ ( 1· ), for a spin-1/2 particle moving 
in an external nonlocal field are writ ten in the form (in units Ii= 1 ): 

(la) 

(E + 2mc-)\ - c(u.11)¢> = Vi(1', 1· )\(1·) dr ., J I I I (lb) 
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where p = -iV is t.he momentum operator and u(cr1 1 <12 1 <r3) is the Pauli vector­
matrix where the rest energy mc3 is excreted from the total energy. 

For the central interaction, the parity conservation law requires the following 
form for the nonlocal separable interaction: 

where 

V = (Vi(r
0
, 1·') o ) 

\/2(1·, 1·
1

) 

Vi(r,r') = V;1(1·)V;1(1/)fljw(n)flj1M(n 1
) 

V2(r, r') = V;l'(1·)V;,,(1'1 )fljt'Al(n)flj1,Al(n'). 

(2) 

(3) 

Here V;1(1·) is the "form" oft.he potential and rljw(n) is the spin spherical function 
[5]; j = I ± 1/2 is the quantum number of the total angular momentum such 
that I + I' = 2j, n = 1· / 1·, n' = r' / 1· are the unit vectors in direct.ion 1· and 1·

1
, 

respectively. 
Now let us consider the nomelat.ivistic limit in set (1) . Hence, from (lb) we 

define the small component as 

1 C(CT.JJ) } J ') ') / I x(1·) = . <;?(1·) + . ., \':i(1·.1· \(1· u·. 
E + 2mc.! E + 2me-

Assuming that the following t.wo conditions are satisfied 

v.,(7• r') 
- 1 ~ 1 

E+2me2 ' 

E 
-2 .,~1. me-

(4) 

(5) 

substituting (4) into (la.) ;111d ca.nying out tlw iteration, for the large ('()lllponent. 
of the Dirac bispinor we obtain: 

E<i>= e'.!:'.! .,<i>+ c(u.JJ).,f<h-'\~(1·,1.') e(u .. JJ').,¢(1.') 
E + 2mc- E + 2me- E + 2mc-

e( u .JJ) J I ' I 1 J II • II c(u.p") .. 11) + E 
2 

., d1· \2(r,1·) E , ., d1· h(1·,1· ) E 
2 

.1 ¢(1· + me- + 2mc- + 111c-
(6) 

+ · · · + J Vi ( r, 1,1)<i>(1,1) <h-1
• 

In the nonrelativistic limit Eq. (G) can be written in the form: 

E¢ = 
2
P

3 (i -
2 

E J¢ + jv1 ( r, 1.' )efJ( 1,1) <fr' 
m me (7) 

1 ( E ) J<f 1 • 1 ( E ) / , / + (
2 

)" 1 - -
2 

., (u.JJ) 1· \ 2(1·, 1·) l - -
2 

., (u.p )~(1•) + ... +. 
.me - me- · 111c-

In Eq. (7), the main terms are those which are in the Schrodinger equation for 
a nonlocal potent.ial, i.e. 

(8) 

The remaining terms are considered small (of order v/c) corrections. 
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(IT .J>) 
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3. Expression for the Spin-orbit Interaction 

\Ve shall consider the term: 

U = -.-
1
-., (IT.JJ) j Vi( ·1·, 1.')(u .JJ')¢(1.') cfr' 

(2mc)-

29 

(9) 

in Eq. (7). It. is clear that responsible for the spin-orbit interaction is, namely, t.his 
term . Let us transform term (9) . Noting that. v' = iV, we can write the identity: 

(10) 

If we demand that at infinity l '2¢ equals zero, then U may be writ.ten as: 

( 11) 

Using the relation 

(u.1·)(u .p) = (1•.p) + i(u.[1· xv]) (12) 

where i = [1· x JJ) is the- a11g11lar moment.mn operator, the expression (12) may be 
given in the form : 

from which 

/. 
(u.n)(u.p) = (n.p) + -(u:i), 

1· 

{ .a 1 ·} (u .JJ) = (IT .n) -/Cl+ -(u .t) . 
(I/' 1· 

Thc-n the product (u .p)(u.p'), whirh enters in (JI), is present.eel int.he form: 

)( / 1 { fJ J • } { 0 1 .1 } (<T .JJ u .p) = -(u.n)(IT.n) --:) + -(s.t) --. - + -(s .i) . 
en· 1· tJr' 1·1 

(13) 

(14) 

(15) 

Here i' = [1·' .v'] is t.l1e angular moment.11111 operator, and s = ~<T is t.he spin 
operator. -

Thus, it is clear that the spin-orbit. interac:tio11 in case of a nonlocal interact.ion 
takes the form: 

I (u.n)(u.11.1) { 1 . () I 1 {J I } 
U1,(r,1·) = 

2 
,, -(i.s)-:-) \.·;(·1·,1·) + -(i .. ~)~i'.!(1',1·) . 

me- r' c ,. 1· ur' 
(16) 

When the interact. ion is local I.hen , as it. is known, V'.!(1·, 1/) is presented in the 
form: 

\ ''.! (1·, 1· 1
) = \ ' (1·)~(1· - 7.') (17) 

and Eq. (16) reduces to the- spin-orbit int<'rartion fort.he local potential 

1 I ()I ; ( 1·) . 
U1,(r) = ~--~)-(.u). 

.i:.111-c- 1' ul' 
(18) 
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Let us now consider a nonlocal cent.ml separable interact.ion. Notiug that the 
potential must. take the form of (3), the interactiou ( l6) will be: 

I 1 { Oi/1 [ l Vi 1 
( 1'

1

) •/ [ I ( I l [!1',(1•,1•) = ~ -.- (u.n)Sljt'.\l(n) --(t .s) (u.n )fljt'M n) 
2111-c- or 1'

1 

Vi ( 1') () Vi 1 ( 1'
1

) I I } + -"-(-i .. <1)[(u.n)nj1' .\/(n)] Di·' [(u.n )njt'M(n l] . 
(HJ) 

Accounting the formula (!i] 

(u.n)fljt'i11(n) = -Sljt :\l(n). (I+ I'= 2j). (20) 

We finally obtain 

(21) 

which is the cksired spin-orbit potPntial enl'rgy in case of a nonlocal separable 
interact.ion. 

It. should be noted I hat. in t.he separable inl.erad iou it. is not. necessary to carry 
out. the it.erat.ion in F:q. (11). In t.his case \(1·) can be exprPsseJ directly through 
<P(1') in t.he following form: 

c( ff .JJ') 
·( ) l V:i(1·) f V:i(1·') £ . ,, ¢(1'') <fr' 

c u ·V . ( ) ' + 2mc-
E 2 ., ~ 1· + E 2 ., l 

+ me- · + me- 1 j ' ' ' ( ') ' ' (')I' - t ., 7' t ., 7' ( .'/' 
- E + 2mc'.! -

(22) \'(1') = 

Substituting (22) into (I a), accounting that. E ~ 2111c'.!, we can obtain (21 ). 
The result. obtained in this work can be used to calc~e the spin-orbit inter­

action for a concrete system. 
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