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INTRODUCTIQN

Foldy and Wouthuysen obtained the non relativistic equation
for the electron ugsing a unitary transformation which eliminates
the odd terms of Dirac equation to any desired order of approxi- -
mation. Then, they could impose the condition)ELL- L and in
this way they could obtain the non relativistic equation to any
desired order,which was not possible with the old method of eli
mination of the small components. This method was extended indg
pendently by Case and by Tiomno and Giambiagi to spin 1 particles,

In both types of particles, the spin-orbitv interaction tem
is given by

2 (g-DEAN (Fre @ B (1)

where g is the gyromagnetic factor and s the spinof the parti -
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cle, & being the eleetric field, and <, the vector potential,

This formula was first obtained by Thomas and later discus
sed by Frenkel, Thomas showed that expression (1) results from
a relativistic effect, and should be a general effect in the
classical theory.

It secemed of interest to verify that formula (1) is alseo
valid in quantum theory when one introduces in the relativistic
wave equations, an extra term representing an anomalous magnetic®
moment, For spin % we add in the present work, the usual Pauli
term of anomalous magnetic moment and obtain the non relativis-
tic approximation with F-W method, 1In spin 1 case, we stard
with Kemmer equaticn in ten components and introduce the extra
term in a way cexactly analogous to that used in Dirac case and
then we write the result in equation in six components, as in
previous works, Following the method developed in references(?)
and {3) we obtaln the non relativistic equation,

It is found that Thomas formula is also valid in quantum
theory for both types of particles with an ancmalous magnetic
moment,

Some considerations are added about the divergence ferm

which appears in both type of particles,

L
SPIN 5.

We add to the Dirac equation

\6‘0'3(& L+mb=0
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the anomalous magnelic moment term

where ?\is a parameter whose value will be fixed laterJmb whaose
order of magnitude we assume to be 1/m,

Proceeding in the usual way we get the following hamiltonap”

. - - e O “ -y ,;"i'_;ﬁ .:’
H rs{bm - ¢ 4+ (Pewedh)+ Ml S -1 --—-«---A—-—--\Z 2

In order to obtain the non-relativistic aproximation, we make a
Foldy-Wouthuysen transformation to eliminate the odd terms from
the hamiltonian,

The terms corPesponding Lo magnetice nmoment, spin-~orbit ine
teraction and the quadrupole term are generated with the [irst
transformation,

This one is

’ where

. Lo s »
‘\{'_'i.
S:x——-—am\ (P + e (1)
We shall consider only the extra terms of the hamiltonian,

as the others give the normal terms(see reference 1)

N (R E - s b et pdiag D dadi] ok

The first commubtator is odd and will be eliminated in the

next transformation, so we kecep only the second.
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We obtain the non-relativistic equation by imposing
RY
Ploo= b

We got then,

‘ -4
Magnetlc moment = -EQE(Z + E) (ﬁ g8)

i

: “3 ->
Spin-orbit -Z-f;(a +§-1) 5 EA + ¢ 1) (4)

divergence term g%z (2 + § -l)sl R

In order to introduce an anomalous magnetie moment, we wri

te Proea cquations -
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(In Kemmer's form (See ref, 6) these equations are expliel

tly written for a negebtive charge).
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e Ll = £33 i, i, k 5\*—(1 1, 1) (tij) =§l $

We introduce an anomalous magnetic moment

- an g™ = L ry.— 't

5 Spuy with

Proca eguations for a particle with anomalous magnetic moment
will be: ('% is a constant whose value will be fixed later, but

we shall assume it to be of order 1/m.)
-
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This equations can be written also:
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In order to obtain the nen relativistic limit, is betther
to write eqs (5) with six components instead of ten (sse ref, 2
and 3).

We nust replace in the two first eguations, the expressions
of H and V found in the last two. V 1s obtained immediately,

while for H it is neccessary to solve the lincar eguation

-y

1 . -
mBE+1AYA H=3Aie + iAE A E =7

The solution is

-’ Qm +1m’>\( ;\?,) 7\2%(&.%)
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We have alsc

These cxpressions are to be replaced in the two first of

(5) and keeping terms only up to l/md, the result is
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These equations can be written in a matricial form
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where Q is the proyection of r' on the subopace L
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which can be easily verified.
The first brocket leads to the normal non-relativistic equa-
tion and will not be considered, (Sec references 2 and 3)., We

write the final formula for it.
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In order to bring B3 to diagonal form, the following trans-

formation has to be made.
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o - A ()
(7)

) 3 () (39) — 2 (oad) S ()

We will keep only the even part, as the odd is ellminated inthe

non relativistic aproximation.

The secon bracket will be cqual to
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It cen easily be shown that
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Replacing both expressions in the preceding one,and choosing
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from (6) and (&) it follows
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We are explicitly interested in
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nmaghetic moment E%T(l + & )iio m

o by - A
spin orbit term Py} (L+8 -DEAEE+e (9)
voreence topn —Cu Coyadd D&
divergence term T (1 + £ l)é »x 1
Gonelusion

Expressions (L) and (9) for the spin orbit interaction are
identical with formula (1)if we put g=2+t and g= 1+§ for spin
: % and 1 as the case is, 8o we have proved the validity of Tho-
mas formula in the considered cases.
It is worthwhile to add some considerations about the divep
gence term, In the Dirac case it has the following form
5 ato e T A st 8
One could expect that this will be the case with spin 1,

It is in fact so, with

Soi: g,orl - .(l rO
i

In this case, as the original representation was with ten
components, onc has to consider the proyection of this even op-
erator on the subspace :T, E and here make the transformation
defined in formula (7).

It is the verificd that

gol goj . goj gqoi =éij

and formule 10 is valid also in this case.
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