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Abstract. In the paper, we examine the non-relativistic approximation in the relativistic system of equations in Cartesian
coordinates for 16-component wave functions with transformation properties of the vector-bispinor under the Lorentz group.
When performing the non-relativistic approximation, for separating large and small components in the complete wave func-
tion we apply the method of projective operators. Accordingly, the complete wave function is presented as a sum of three
parts: the large part depends on 6 variables, and the small ones depend on 14 variables. We have found two linear constraints
on large components and two constraints on the small ones. After performing the procedure of the non-relativistic approxima-
tion we have derived 6 equations with a needed non-relativistic structure, which include only 4 large components. It is proved
that only 4 equations are independent, so we have arrived at the generalized Pauli-like equation for the 4-component wave
function. The analysis of transformation properties of the non-relativistic wave function permits us to generalize the structure
of the derived equation to an arbitrary curved 3-space.
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HEPEJATUBUCTCKOE NIPUBJINXKEHUE B TEOPUU TAYJIU-®OUPILIA
JJISI YACTHIIBI CO CIHHOM 3/2 B IPUCYTCTBUU BHENTHUX MOJEN
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AnHoTanus. VccremnyeTcs HepeassTUBUCTCKOE MPUOIHIKCHHE JIJIsl PEISITUBUCTCKOIN CUCTEMBI U3 16 ypaBHEHHI B IeKap-
TOBBIX KOOPJUHATAX ]ISl BOJIHOBOH ()YHKIIMU YaCTHIIBI CO CITMHOM 3/2 ¢ TpaHC(HOPMAIMOHHBIMH CBOHCTBAMHU BEKTOP-OHC-
MMUHOpA OTHOCHUTENBHO rpymnmbl Jloperma. [Ipu ocymmecTBiIeHHN HEPENATHBUCTCKOTO TPUOIMIKCHHS TSI BBIJICIICHUS B BOJI-
HOBOH (PYHKIIMH OOJBIIAX M MaJbIX COCTABIISIOMIUX HCIOIB3YETCS METOJ MPOCKTHBHBIX omepaTopoB. COOTBETCTBEHHO
MOJTHASI BOTHOBAsI (PYHKIIHS MIPEICTABIISETCS B BUJIE CYMMBI TPEX YacTei: 3aBUCSIIEH OT 6 TIepEeMEHHBIX OOJIBIIOI COCTaB-
JISIIOIIeH U IBYX MalIbIX COCTABIISIOIIMX, 3aBUCSAIIUX B COBOKYITHOCTHU OT 14 nmepemeHHbIX. Halifiens! 1Ba TuHEHHBIX orpa-
HUYCHHS Ha 6 OONBIINX KOMIOHEHT, U 2 orpaHuueHus Ha 14 manbix. [locie BBITOTHEHHS POy Pbl HEPEIATUBUCTCKOTO
MPUOIMKEHUS BBIBEICHO 6 YPAaBHEHHI C HEPEISITHBUCTCKOM CTPYKTY POl OTHOCUTENBHO 4 OONBIINX KOMIOHEHT. [lokaszaHo,
YTO TOJBKO 4 ypaBHEHHUS U3 6 SABISIOTCS HE3aBUCUMBIMHU. B pesynbrare HalileHO ypaBHEHUE MAyJIHEBCKOI'O THUMA IS
4-KOMITOHEHTHON BOJHOBOW (GYHKIWU. HaliieH SBHBIH BHUI TpeX 4-MEPHBIX MATpPHII, TPEIACTABIISIOMUX CIUH YaCTHUIIBL
AHanu3 TpacpOpMalMOHHBIX CBOWCTB HEPEINATHBHCTCKOW BOJHOBON (DYHKIIMH IO3BOJIIET 000OMINTH CTPYKTYpPY HalJICH-
HOT'O YPaBHEHHMS Ha CIy4dail HCKPUBJIEHHOTO TPEXMEPHOTr0 MPOCTPAHCTBA.

KuroueBble caoBa: yacTHIa CO CIUHOM 3/2, BHEIIHEE JJICKTPOMArHUTHOE IOJIE, IEKapPTOBbIE KOOPIMHATHI, HEPEIs-
THBHUCTCKOE TPUOIMKEHIE, IPOCKTHUBHBIC ONIEPATOPHI, TETPATHBIN (POpPMan3M, HCKPUBICHHOE TPEXMEPHOE TPOCTPAHCTBO
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Introduction. It is evident that non-relativistic equations are solved easier than relativistic ones.
In the present paper we derive the non-relativistic equation for spin 3/2 particle in presence of external
electromagnetic fields.

We start with the relativistic system of equations for 16-component wave functions with transforma-
tion properties of vector-bispinor under the lorentz group [1-9]. When performing the non-relativistic
approximation, for separating in the complete wave function big and small components we apply the
method of projective operators. Correspondingly, the complete wave function is presented as a sum of
three parts: the big \¥',, depending on 6 variables, and the small ‘¥j and ¥, depending on 14 variables.
There are found 2 linear constraints on big components, and 2 constraints on the small ones. The sys-
tem of equations is presented in explicit form with the use of 20 new variables. After performing the
procedure of the non-relativistic approximation we derive 6 equations with the needed non-relativistic
structure, in which enter only 4 main primary big components. It is proved that only 4 equations are in-
dependent, so we arrive at the generalized Pauli-like equation for 4-component wave function.

Initial covariant equation. Let us start with the tetrad based form of the master equation for spin
3/2 particle [10-15]

can . 1
g, v{z(Dm’ —EMvasn’}% =0, Q)

where M = mc / h is a mass parameter, the presence of the multiplier is meaningful; the generalized de-
rivative are determined by the formula

: 1 .
D, = e((fl)(ﬁa +zeAa)+§(Gps RI+1® j” ) psla-
With the use of six matrices €, = (uleahy > €q. (1) may be presented as follows

v> (WD), ye [ 1D = Myad,' | Wi =0,

whence we derive the detailed form of eq. (1):
(,Yl ®M[01] er2 ®le[02] +Y3 ®u[03])D0‘P i (YO ®M[01] er2 ®le[12] —y3 ®p[31])D1\If "
n (yo ® u[02] er3 ® M[23] _yl ® u[lZ])DZ\P n (yo ® M[03] n y1 ® M[31] —y2 ® p[23])D3‘P n
+ iM%{sm ® u[m] +850 ® u[oz] +503 ® u[03] +8573 ® um] +
+531 ®uP 45, @Y =0, 505 = Va1 — 7070
The above equation may be presented shortly as follows
(C°Dy+T°Dy +T°Dy +T°Dy +iMT)¥ = 0. )

It is convenient to multiply eq. (2) by the matrix I'"!, so we get

(Y°Dy +Y'Dy +Y?Dy + Y3 D5 +iM)¥ = 0. ?3)

Nonrelativistic approximation. We restrict ourselves to Minkowski space-time model and Carte-
sian coordinate. The wave function may be presented in the matrix form

fo 1 f2 f3
8o &1 82 &3

Yoy = , Y'=1{f0.80,h0,do; f1,81,M.d1; f2,82,h2,d2; f3,83,h3,d3};
ho h hy Iy

dy dy dy dj
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we calculate the term
0 id3 +h2 d3—h1 —idl—d2
~ 0 —dy—ihy di+h ihy—h
+Y3‘PM[O3]: 2 . 3 1113 . 1= 112
0 —fa-igs fi-g3 ig1+g
0 ifs+g —fi—g1 Jfa-ih
we derive its 16-dimensional representation, the same is done for all other matrices. We can readily
prove that the minimal equation for the matrix for Y° = Y| is Y¢(Y¢ —1)=0. So, we can define three

oy = ’YI\P].NL[OI] n yz‘I’ﬁm]

b

.. 1 1
projective operators Py :l—Yoz, P =P = +5Y02 Y+1), P=P = —EYO2 (Y-1.

Presentation for three projective constituents is

fo S 0 0
g0 Ap) 0 0
ho S3 0 0
dg Sa 0 0
(fi+if2—g3)/3 Ss (d3+2f1—ifr +g3+2h —ihy)/6 | |L
(f3+g1-ig2)/3 S¢ (2dy +idy — f3+2g1+iga—h3)/ 6 | |L2
(-ds+h+i)/3| | S5 (ds+2fi—ifs + g3+ 2 —iln) /6 | |Li
g _|@ida ) 3| | S| | Qdivida = fs 421 +iga =) 16| L)

(—ifi + f2 +ig3) /3] |—iSs —i(d3 — fi+2ify + g3 —h +2ihy) /6| |L3
i(fs+g1—igy)/3 iS¢ —i(dy +2idy + f3+ g1 +2igr+h3) /6| |Ly4
(i(ds —h) +hp) /3| |-is, —i(ds — f1+2if> + g3~ +2ih0) /1 6] |Ls
i(dy —idy +h3) /3| | iS —i(dy +2idy + fy+ g1 +2igs +13)/ 6| |La
(f3+g1—ig2)/3 Se (=dy +idy +2f3— g1 +igy +2h3)/ 6| |Ls
(—f1i—if2+g3)/3| |-Ss (2d3 + fi+if2 +2g3+h +ihy) /6 | |Lg
(di—idy+h3)/3 Sg (—dy+idy +2f35—g+igr +2h3)/ 6| |Ls
(ds—h —ihy) /3| | =S, Qds + fi +ifs +2g3+ I +ih2) /6 | |Le

0 0

0 0

0 0

0 0

(-d3+2f1—if2+g3 -2 +ihy)/6 P
(—2d,—idy — f3+2g,+igr +h3)/ 6 P,
(d3=2fi+if2—g3+2m—ihy)/6 | |-P
(2dy+idy + f3-2g1—ig2—h3) /6 | |-P;
i(ds + fi —2if, — g3 —h +2ihy) /1 6 Pyl
i(di+2idy— f3—g1—2igr+h3)/6 Py
—i(ds + f1=2if, —g3 —h +2ihy) /6| |-P;
—i(dy +2idy — f3—g1—2igs +h3)/ 6| |-Py4
(di—idy+2f3—g1+igr—2h3)/6 Ps
(—2ds+ fi+if, +2g3—h; —ihy)/ 6 P
(—dy+idy =2f3+g1—igr+2h3)/ 6| |-Ps
(2d; - fi—if2 —2g3+m +iha) /6 | |-Fs
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We should consider the ¥, as large, whereas ¥ and ¥, should be considered as small; projective
constituents consist of the following variables

Yo, {Lis Lo Wo, {81588} W, {A,.... P}

Constraints on large and small components. Let us consider relations which define the big variable

Li=—(dy+2fi ~if: + g3+ 2 ~ o),

Ly = —%i(ds = f1+2if2 + g3 —h +2ih),

Lo=<Qdy + i +1f2 + 23 + I +iho),

whence it follows the constraint L; +iL; — Lg =0; and

L, :%(2d1 +idy — f3+2g1 +ig2 —h3),

Ly= —éi(a’l +2idy + f3+ g1 +2igs + h3),

Ls = (-dy +ids +2f3 = g1 +iga +2h),

whence it follows L, —iL4 + Ls =0. Therefore, there exist only 4 independent ones:
ils=L¢—Ly, iLs=Ls+L,. (4)
Now let us consider relations which determine the constituent ¥ . Combing the relevant rows, we

derive two identities
(A) P1+iP3—P6:0, (B) P2—iP4+P5:O;

they provide us with two constraints which will be used below. Now, let us consider relations which de-
termine the sum of two small constituents

Ss+ P )1
Se+P| |[+)2
S7-RA | |[+y3
Sg=P| |44
iS5+ P; +y5
Wy — iS¢+ Py _|*Ye '
iS7-P| |+y7
iSg—Py| |+ys
Se+Ps | |+)9
=Ss+F| |+yio
Sg—Ps | |+yn
-S7-F| |+tyn2

From these relations we can derive
Yi+y3=8s+87, yo+ya=S8e+Sg, ys+y7=i(Ss+S87),
Ve +y8 =i(Se+Sg), yo+yi1=86+Ss, yio+yi2=—(Ss+S57);

and
1 +y3)+ o +y12)=0, (1 +y3)+i(ys+y7)=0,
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(2 +y4)=(o+y1)=0, (y2+ya)+i(ye+ys)=0;
Ss=S87=—-y3)+i(ys—y7)— (o —yi2),
3(S6=S8)=(y2—ya)—i(y6 —ys8)+(yo —yu).

The study of the main system. Let us find 16 equations (3), using the presence of big and small
variables, also taking into account the constrains (4). We omit their explicit form. Further we perform
several steps in calculations: divide equations into 8 pairs; sum and subtract equations within each pair;
when performing the non-relativistic approximation, we should take into account the separation of rest
energy by the formal change

Dy = (—-iM + Dy);
also we should take into account the presence of small variables of different orders:

SiNx5 Vs ™~ X, ~X, JN-x;
M M

then we transform all equations to the new variables

1 1 1 1
+y3=—21, —y3=—2>, +y4=—23, —y4=—2Z4,
yi+Jy3 > I, Y1—)3 > 2, Y2tY4 5 3, Y2—Va4 > 4

1 1 1 1
+y;=—"25, -y, =—Zg, +yg=—27, —yg =—Z23,
Ys+y7 5 5, Y5—YV1 5 6> Y6TJVs > 7, Y6 —JV8 5 8

1 1 1 1
+y11=—2Z9, —y11 ==210, +y12 =—211, -y ==Z1,
Yo+ > 9, Y9~ > 10, Y10 T )12 > 11, Y10 — )12 > 12
the six constraints are valid, but only 4 are independent:

Zn=-2y, iZs=-Z1(Zn=ils), Z9=Z3, Z7=il5(Zy=—il7).
After that we can express all independent small components through the large ones:

X 2iDyLy +2iD3Ls +2D5(Lg — Ly)
Y 2iD\Ly +2D>(Ls + Ls) +2iD3 Lg

Z ~2iD3L; —2iDiL> — 2D, L,

AR ~2iDyLy +2D>L; +2iDs L,

Zs| M|-2D\(L +Ls)+2iDy(Ly + Ls) +2D3(L; — Lg)
Zs 2D5(Ly + Ls) + 2Dy (L — Lg) + 2iD>(L; — Lg)
Z1o ~2iD3Ls —2iDyLg —2D>Lg

Zi —2iDyLs + 2D, Ls +2iDsL

and then substitute these relations into the reaming equations.

In this way we arrive at 6 equations with non-relativistic structure, only 4 of 6 are independent. Thus
we find four equations which contain only the 4 large components L,, L,, L, L. These 4 independent
equations are transformed to the new variables

Y 11 0 0 1|
Y 01 -1 O0]L
Pl 2 0 0 -1l|Ls

P, 0 2 1 ollLe

the final 4-component equation is presented in the form
1 e
iD)V =———AY +—(S1Fo3 + S2F51 + S3F10)Y;
0 Y 3M( 1£23 +S2F31 + S3F12)

where Dy =0¢ +iedy, A=(0;+ ieA1)2 +(0, + ieA2)2 +(03 + ieA3)2. Three matrices S, obey the
SU(2) algebra, they may be considered as the spin matrices. There exists a basis in which the matrix S,
becomes diagonal:
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0o -1/2 0 0 0 —i/2 0 0

§1:—3/2 0 -1 0 ,_2:31'/2 0 —i 0 ,
0 -1 0 -3/2 0 i 0 -3i/2
0 0 -1/2 0 0 0 i/2 0

-3/2 0 0 0
_ 0o -1/2 0 0
0 0o 1/2 0
0 0 0 3/2
Nonrelativistic approximation in curved 3-space. Nonrelativistic approximation (irrespective of
the spin value of the particle; see in [10]) in space-times with the following metric
1 0

0 e (x)| ©)

dS? = (dx°)* + g (x)dx'dx’,  e(ayq(x) =

In such models expressions for connections become simpler [10]
1 1 .
o= 3 Jlke(",?) Voewym), 1= 5 J”‘e(’?) Viewym) -

The contribution of J% vanishes; we apply the notation J k=c*"@I+1® Jj * Let us derive a general-
ly covariant nonrelativistic equation for the spin 3/2 particle in an arbitrary space with the structure (5).
To this end, we turn to transformation properties of the nonrelativistic wave function under rotation group

Do) Diy P D) 0 Ly Lz Ls
¥ Dy Doy Popy Do) v, - 0 Ly Ly Lg_
000 Foy Fe Fel 0 Ly Ly Ls
020 Fr) Fao) o 0 L, Lis Lg ©)

Dy P D

_| P21y Do) DPop)|_|@
Fay Fo Fe| |F
oy Py Fop)

, ®=(BRO)D, F'=(B®O)F,

where the matrices B and O describe 3-rotations for 2-spinors and 3-vectors. It suffices to follow only
two first rows. Let us find expressions for generators related to formulas (6):

Jj=(i/20,®@I+I®V;, j=1,2,3.

We readily find 6-dimensional representation for generators

(O L 0 0 0 i/2 0 0
D |Ls 0 0 -1 0 i/2 0
D3| |Ls 0 1 0 0 0 i/2
b= = . J1: >
D,y |(Ly i/2 0 0 0 0 0
Doy |L4 0 i/2 0 0 0 -1
Dy |Lg 0 0 i/2 0 1 0
0 0 1 1/2 0 0 i/2 -1 0 0 0 0
0 0 0 0 1/2 0 1 /2 0 0 0 0
-1 0 0 0 0o 1/2 0 0 i/2 0 0 0
Jr= , J3= .
-1/2 0 0 0 0 1 0 0 0o —-i/2 -1 0
0 -1/2 0 0 0 0 0 0 0 1 —i/2 0
0 -1/2 -1 0 0 0 0 0 0 0 —i/2
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We find commutators
JiJy=JoJ1=J3+ K3, JoJ3—J3J, =J1+ Ky, J3J1—J1J3=J2+ K3,

where
- 0 0 0 0 O 0O 0 0 - 0 O 000 -1 0 O
0O - 0 0 0 O 0O 0 0 0 — O 000 O -1 0
0O 0 - 0 0 O O 0 0 0 0 - 000 0 0 -1
K3 = , Ky = , Ky = ;
0O 0 0 i 0O - 0 0 0 0 O 1 00 0 0 O
0O 0 0 0 i O 0O -« 0 0 0 O 01 0 0 0 O
0O 0 0 0 0 1 0O 0 - 0 0 O 001 0 0 O
also we find K5 =—1,K; =—1,K{ =—I, and
K2K3 +K3K2 :0, K3K1+K1K3 :0, K1K2 +K2K1 :0,
K>K3 =Ky, K3K1=K,, KiK, = K3.
The commutation relations
K2K3—K3K2 :2K1, K3K1 —K1K3 :2K2, K]Kz—KzKl :2K3
) 1 )
after transforming §; = EK ; take the form of the Lie algebra SO(3):
8283 —8352 =81, 8381 -81853 =82, 5152 - 8281 =8s. (7

Allowing for (7), we readily obtain the identity
(K\Dy + K2D5 + K3D3)? =—(DE + D3 + D?) +
+K,K3(D2D3 — D3Dy) + K3K(D3Dy — D1D3) + K1 K2 (D1Dy — Dy Dy),
whence it follows

1 2 1 2 2 2, le
——(K1D1+KyDy +K3D3)" =———(D{ + D5 + D3)+—(F2381 + F5152 + F1253), 8
2M(11 2Dy + K3D3) 2M(l 5 +D3) M(231 3152 + F1253) ®)

which coincides with the structure of the nonrelativistic Hamiltonian in 6-demensional form. We can
prove that (8) indeed leads to the above nonrelativistic equation for the spin 3/2 particle.
To this end, let us start with the explicit form of equation (8), whence we obtain (let ie / 2M = p)

iDoL1 =~ D*Li-+ RFss(-iLa) + WP (~L) + WFia(-iLa),
iDyLs = -ﬁn% W3 (—iLg) + W51 (~La) + WFpa (-iLs),
iDoLs = —ﬁDst + W3 (—iLe ) + 1F31(—Le) + WFi2 (—iLs),
iDoLy = —ﬁD%z + WF3(—ily) + puF51 (+Ly) + puFia (+ilo),
iDyLy = —ﬁDzh + WF3(—ils) + W31 (+L3) + nF12 (+ily),

. 1 . .
iDoLe = —WD2L6 + W3 (—ils) + pF31 (+Ls) + pFia (+iL).
Let us take into account two constraints L3 = (iL; —iL¢), L4 = (—iL, —iLs). This leads to

} 1 ) )
iDoLy = _WDZLI + W3 (=ily) + WF31(—=Ly) + nFip (—iLy),

. 1 . . . .
iDo(Ly — Lg) = _ﬁDz(Ll —Lg) +WFp3(ily +iLs) + WF3 (Lo + Ls) + W2 (=il +iLs),
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. 1 . )

iDoLs = —WD2L5 + W3 (=iLe) + WF31(=Le) + W2 (—iLs),

) 1 : :

iDoL, = —WDsz + W3 (=ily) + W31 (+L) + uFi2 (+ils),
) 1 ) : ) . )
iDo(Ly +Ls)= —WDZ(Lz +Ls)+ W3 (ily —iLe) + pWF31(+ils3) + wh2 (ily +iLs),

. 1 . :
iDoLe = —WDzLé + WFo3(—iLls) + uF31(+Ls) + ko (+ile ).

Let us divide these equations into two groups. Equations from the first group

) 1 ) .

ZD()L1 = _WDZLI + ]J.F23 (—le) + HF31 (—Lz) + ],LFlz(—lL] ),
. 1 . . ) .
iDo(L1 — L) = —WD2(L1 —Le) + W3 (ily +iLs) + WF31(Ly + Ls) + WFa (=il +iLg),

. 1 . .
iDyLs = —ﬁDst + WFp3(—iLs) + uF31(+Ls) + pFip (+ile )
we combine so that to get in the left side the variables L, + Lg,2L; — Lg,2Lg — L;. This results in

. | . . . .
iDo(Ly + Lg) = _ED (L1 + L) + WFp3(—ily —iLs) + uF51(=La + Ls) + wFia (—ily +iLs),
1
iDy(2Ly — Lg) = o D7 (2Ly — Le) + WF23(=2iLs +iLs) + WF31(=2Ly — Ls) + pF12(=2iLy —iLs),

. 1 . . . .
iDo(2L¢ — L1)= —EDZ(QLé —Ly)+ WFy3(=2iLs +iLy) + WF31 (2Ls + L) + WF12(2ile +iLy).
We can verify that the third equation is equal to the difference between the first and the second ones.

Therefore, the third equation may be removed.
Equations from the second group may be studied in the same way: also there exist only two indepen-

dent equations. Thus, we have only 4 independent equations

. 1 . . . .
iDo(Ly+ Lg) = —tz(Ll + Le) + Wo3(—ily —iLs) + uF31(=La + Ls) + WFp(—ily +iLe),

. 1 . . . .
iDo(Ly —Ls) = YV D*(Ly — Ls) + PF3(—iLy +iLe) + nF31 (L1 + Lg ) + WFi2 (ily +iLs),
) 1 ) ) . )
iDy(2Ly — Lg) = —WDZ(ZLl —Le) +WFo3(-2iLly +ilLs) + WF31(-2Ly — Ls) + WF2(=2ily —iLe),

. 1 o . .
iDo(2Ly + Ls) = —WD2(2L2 + Ls) + WFp3(—2ily —iLe) + W31 (2L1 — Lg) + WF12(2iLy —iLs).

Let us introduce the new 4-component wave function

N 1, .1 1, 1
\P_IP2 01 -1 0 L2 L1—§T1+§\P3, LZ_E‘PZ +§\P4’

Yol 200 -lilsp Ly 2g o _2¢ Ly,

W 0 2 1 0L 3473 s ¥1-3
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Then the above system takes on the form
1 ie (1 1 1
iD)W|=———AY | +—| —iFn (Y, -2Y¥4)——F3 Vo +—iFp (Y - 2¥3) |,
oW1 = AT M(6 23 (Y2 4) S %ot 12(¥1 3))
. 1 ie1. 1 1.
IMDO\PQZ—EA\I"z +— —lF23(\P1—2\P3)+5F31\I"1—EIF12(“I'2—2‘?4) ,

M\ 6 ©)

1 ie (1 1 1
iDoWs3=———AY3+—| —iFp3(W4 —2¥2)+—F3 (Y4 —2¥,)——iFp¥3 |,
W3 =AY M(6 23 (W4 2) P 31(W4 2) 5 3)
. 1 . 1. 1 1,

lMD()LP4:—5AlP4 +1e —glF23(2lP1—\P3)+gF31(2\P1—\P3)+51F12\P4 .

The system (9) may be presented in the matrix form

Dy = —— AW+ ;—;(FBSl + F318, + FiaS3),

2M
o 1 0 =2 0 -3 0 O 1 0 20
ill 0 -2 0 13 0 0 0 il0 -1 0 2
Si=— » Sp=— , S3=— -
210 =2 0 1 20 =2 0 1 20 0 -3 0
-2 0 1 0 2 0 -10 0 0 0 3

The last matrices obey the commutation rule §,5; — 5,5, =853, and so on; therefore, they may be con-
sidered as the components of the spin operator. We can readily find a transformation which makes the
matrix S, diagonal

S;¥ =c¥, P=S¥, S'P="¥, 555" =35;.

The needed transformation is

0 0 01 0o -1/2 0 1/2
S:—2 0 1 0,5—1:1/2 0o -1/2 0
0 -2 0 1 0 0 0 1
0 0 10 1 0 0 0
In this new representation we have the following spin components
0o -1/2 0 0 0 -i/2 0 0
= [-3/2 0 -1 0 = Bi/2 0 —i 0
S I L S P I N SR R OP |
0 0o -1/2 0 0 0 i/2 0

-3/2 0 0 0

— 0 -1/2 0 0
S3:

0 0 1/2 0

0 0 0 3/2

Now we can easily generalize the above nonrelativistic equation to the generally covariant form. The
structure of that equation should be as follows (we start with the 6-dimensional form)

2
iDy¥ ¢ —ﬁ{Kj(x)(%—i—Fj(x)+ieA_,~(x)ﬂ Y,

. . 1
K7 (0= Kie(y (), T;(0=27"€( () V jean (),

where the generalized derivative are determined by the formulas

Do(x):60 +ieA0(x)+%(GpS ®I+[®jps)’Y[pS]0(x),
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(10)

The definition of the 6 large components remains the same. As well as two linear constraints preserve
their form. All algebraic transformations proving existence of only 4 independent equations also are the
same. The difference consists only in the new and more complicated expressions for generalized deriva-

; ) 1 .
Dy (x) =e(Jk)(x)(6j +zeAj(x))+5(Gps QI+1® j™)ypse(x), k=1,2,3.

tives. Correspondingly, we obtain the generalized equation

. 1 1
iDo(x)¥ = —W(DE (x)+ D3 (x)+ D3 (x))¥ + 737 (PesiSi +DpnSa + DySa) ¥,

(11)

where the commutators Dy = Dy (x)D;(x) — D;(x)Dy (x) are used.

Conclusion. The structure of the generalized Pauli-like equation (11) indicates that due to the pres-
ence of the covariant derivatives (10) the final explicit form of equation (11) will include in addition
to electromagnetic interaction also the geometrical interaction term through the Ricci tensor,
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