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THE NON-RELATIVISTIC PROBLEM FOR A SPIN 3/2 PARTICLE
IN MAGNETIC FIELD, AND TETRAD GAUGE TRANSFORMATIONS

Abstract. In the present paper, we will focus on the non-relativistic problem for a spin 3/2 particle in magnetic field,
applying cylindrical coordinates and two tetrads: Cartesian and cylindrical. Here appear six different presentations for
4-component wave functions: three Cartesian ones L™, ¥ ", ¥ " and provided by using the relevant gauge transformation
L% = S(¢)L™ three different presentations in cylindrical tetrad L™, W', ¥, First, we specify the non-relativistic equa-
tion for a spin 3/2 particle in magnetic field for Cartesian tetrad in bases with non-diagonal and diagonal matrix of the third
spin projection. Solutions of two types are found: the first one is associated with the operator of the orbital angular momen-
tum; the second solution relates to the third projection of the total angular momentum. Equations arising here are solved in
terms of the confluent hypergeometric functions, and the corresponding energy spectra are found. The gauge transformation
is introduced which relates two tetrads: Cartesian and cylindrical; it permits us to transform the system of equations in polar
coordinate from Cartesian tetrad to cylindrical one. The rules for gauge transformations of diagonalized operators of the total
angular and orbital momentums are found.
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HUnemumym pusuxu umenu b. U. Cmenanosa Hayuonanvnou akademuu nayk berapycu, Munck, Pecnybauka benapyco

HEPEJISITUBUCTCKOE OIIUCAHHUE YACTUIBI CO CIIMHOM 3/2 B MAT'HUTHOM IIOJIE,
TETPAJHBIE KAJIUBPOBOYHBIE IPEOBPA3OBAHUSA

AHHoTanus. PaccMoTpena 3aaua 0 HepeIITHBUCTCKOM YacTHIIE CO CITMHOM 3/2 B MAarHUTHOM TI0JIC C UCTIOJIb30BAHUEM
MUIMHAPUYIECKIX KOOPAUHAT U IBYX T€Tpaj — JIeKapTOBOW M IMINHIPUYECKON. 3/1€Ch BOSHUKAIOT pa3InYHbIE TIPEACTaBIIe-

u o cart cart \y cart
HUs 17151 4-KOMIIOHEHTHOW BOJIHOBO# QyHKumu: Tpu aekaproBeix L W™, W U TIOJIy4aeMbIX C MCIOIb30BaHUEM Ka-

JTMOPOBOYHOIO MPeodpa3OBaHMsI L = S(¢)L= tpu mmmaaaprueckux LY, WY P Cuauana BBomuTCS HepensTHBHCT-
CKO€ ypaBHEHHE ISl YaCTHIIBI CO CIIMHOM 3/2 B 0a3mcax ¢ HeIWaroHAJIbHOW M ITHATOHAJIBHOW TPEeThel MpOeKIHeH CrrHa.
Hatinens! perieHus IByX THUIIOB, IEPBBI COOTHOCUTCS C IMAarOoHAJIU3aLUCH oniepaTopa OpOUTaIBbHOTO MOMEHTA, @ BTOPOH —
¢ AMaroHaln3aIuel oneparopa TPeTheH MPOEKINHN MOTHOTO YTJIOBOTO MOMEHTa. Bo3HuKkaronue npu 3ToM AndhepeHnnaisb-
HbIE ypaBHEHUS PEIICHBI B TEPMHHAX BBHIPOKICHHBIX THIEPTeOMETPUIECKUX (PyHKIUH, HallIeHBl COOTBETCTBYIOILIHE CIIEK-
Tpbl 2Hepruu. BeoanTcst kannbpoBoyHOE NMpeodpa3oBaHUE, KOTOPOE CBSI3BIBAET AEKAPTOBY M LUIMHIPUYECKYIO TETPabl
U T03BOJISIET PpeoOpa3oBaTh CHCTEMY ypaBHEHHUIl B MOJSPHON KOOPIMHATE OT JEKApTOBOH TETPalbl K IMJINHAPHYECKOIL.
OmnpeneneHbl IpaBuia KaluOPOBOYHBIX IPe0Opa30BaHU ISl AUATOHAIN3UPY FOIUXCSI ONIEPATOPOB HOJIHOTO U OpOUTATIBHO-
I'0 YTJIOBOI'O MOMEHTA.

KuroueBble ci10Ba: crivH 3/2, HepeJITHBUCTCKOE TIPUOIMIKEHUE, TETPaHbIA GpopManniM, KaTnOpPOBOYHAS CHMMETPHS,
BHEIITHEE MAarHUTHOE T10JI€, TOYHBIC PELICHUS
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Introduction. Spin 3/2 particle, after seminal papers [1-3], attracts steady attention of scientific
community. For instance, see the recent papers [4—13]. In particular, a special attention was given to
the non-relativistic approximation for this theory in electromagnetic and gravitational fields [11, 13].

In Minkowski space-time, one may apply the usual Cartesian coordinates, but in curved space-time
models we should use curvilinear coordinates an tetrad formalism [13]. In Minkowski space, one also may
apply the tetrad approach, when this a substantial role play the local Lorentz gauge transformations related
to freedom in choosing tetrads. In the present paper, we will consider the problem of a spin 3/2 particle in
the external magnetic field, applying cylindrical coordinates and two tetrads: Cartesian and cylindrical.
In the non-relativistic problem appear six different types of 4-component waves functions [12]:

Lcart = LPcaIt N q,cart; Lcyl — [B(¢) ® O(d))]Lcart; Lcyl N chyl N \Tlcyl’

where B(¢) ® O(¢p) stands for the relevant spin-vector gauge transformation, and bar-symbol is
associated with the so-called cyclic basis in which the third spin projection is given by a diagonal matrix.

Equation in Cartesian tetrad basis. The uniform magnetic field along the axis z is described
by relations 4=(1/2)Bxr,Fj; = B; whence after recalculating to cylindrical coordinates we obtain

Ay = —Br? /2. We start with a 4-component for a spin 3/2 particle (in Cartesian tetrad basis)

2 [ A2 2 2]
mlpe- 1|07 10 1 i+ii,4¢ + 9 e _ M pg e )
ot 2M | o ror p2\ 09  hc 0z 2M
in this basis, the spin matrix Sj is not diagonal:
-1/2 0 1 0 Y
0 +1/2 0 -1 . Y32
S3 = , ¥o= . ()
0 0 +3/2 0 w$
0 0 0 -3/2 ¥
We can find a transformation ¥ =SW¢ to a basis in which a new matrix S3 becomes diagonal:
0 0 01 0o -1/2 0 1/2 -3/2 0 0 0
-2 0 1 0 4 720 -1/2 0 — 0 -1/2 0 0
S= ; = . S3= SN E)
0 -2 01 0 0 0 1 0 0 1/2 0
0 0 1 0 1 0 0 0 0 0 0 3/2
the new components of the wave function are given by the formulas
PE=ws, P5=-2¥{+¥5, P5=-2W5+¥5 WP§=Ys. @)

In this diagonal (or cyclic) presentation, the main equation reads as

2 2 2 2
plge- 1| 0” 10 1 i+iiA¢ 2 ‘T‘C—ﬂB@‘T’C, )
ot 2M | o ror p2\0¢ e 0z 2M

and here we have four separated equations.
Quantum numbers m and j, Cartesian tetrad basis. One can search for solutions of two types.

The first variant is associated with the operator of the orbital angular momentum [y = —i0y :
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Ni(r)
_ pict yikz yimo f2(r) ’

Sf3(r)

Sa(r)

In accordance with (5), equations for four components in cyclic basis are not linked to each other, and

v LYS =m¥sS, m=+ i% ©)

four independent solutions exist; all four solutions satisfy the eigenvalue equation —idy'¥ fn)m =m¥Y fn)m;

these solutions \an) relate to different values of the third spin projection: s3 =-3/2,-1/2,+1/2,43/2.
The second variant is associated with the third projection of the total angular momentum,

J 5 =—i0¢+ S5. First, we will consider the eigenvalue problem in cyclic basis

e iqu)g 1

TCHRE — :HC Wyl _ et ikz ei02¢g2 .
J30; = j@j, Vi=e e | (J=J3)- (7)
ezc3¢g3

e i04¢g 4

The function ‘T’; from (7) is eigenvalue one for the operator J§, only if

G1-3/2=j=01=j+3/2, 'V (1)
6r-1/2=j=0,=j+1/2, e prict yike D06, (1) ®
o3+1/2=j=03=j-1/2, / Db g (1)
c4+3/2=j=04=j-3/2; ei(j—3/2)¢g4(r)

. . . . 1=
Let us make inverse transformation to a non-cyclic presentation, @5 =S"®9 :

~i3/20_ijd

l(—e"/z‘j’e"jd’gg +e e g4)

2
L) o
WE = i 5(6+l3/2¢e’]¢g1 _ o-il20

g 3) : ©
¢ 320,

81

o H3/20 it
Let us find four equations corresponding to the equation in non-diagonal basis:

2 2 2
2Mf+a—+l£+i i+ieA¢ +a—+eBS3 Y =0;
ot ror 2\ 0 oz?

making the formal replacements eB = B, ed= A, 8% /82> =k, 2Me—k*> = E, we get

20 1 o [ e e )2
E+i+l£+L i+iA 2+B 0 /2 0 - (ei61¢g1_ei63¢g3)/2 =0;
o2 ror r2\ap Ot 0 0 +3/2 0 oty :
0o 0 0 -3/2 o
e g
2
whence 4 separate equations follow (let us apply the shortening notation A= E + d_2 + 1d ):

dr rdr
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1 1 1 ; 1 1 3 ;
—5|:A—r—2(02 +A¢)2 —EBilelo-zq)gz +EI:A—F—2(G4+A¢)2+EBj|€lG4¢g4:0,
1 1 2 3 ic1d 1 1 2 1 i530
A (014 4g) 2 —2 B |eMg) — | A (03 + Ay)? —~B |3 g5 =0,
2[ rz( 1+4y) > } 817 r2( 3+4y) > g3

1 ; 1 ;
[A——z(cm +4y)° +§B}e’o4¢g4 =0, [A——z(cl +4y)° —LB}»"’I‘*’g1 =0.
r 2 r 2
Let us take into account 6y = j+3/2,06,=j+1/2,63=j-1/2,064 = j—3/2, then we get

{A—iz(j+1/2+,4¢)2 —%B}ei(ﬁl/z)d’gz +{A—L2(j—3/2+A¢)z +§B}ei(j_3/2)¢g4 =0,
r r
[A—iz(j+3/2+A¢)2 %B}"U*”ng —[A—iz(j—l/2+A¢)2 —%B}ei(j_l/2)¢g3 =0,
r r
{A—%(j—3/2+A¢)2 +%B}ei(j_3/2)¢g4 =0, [A—%(j+3/2+A¢)2 —%B:|ei(j+3/2)¢g1 =0;
r r

in each equation, we can eliminate the total multiplier /%, so obtaining

{A—iz(jﬂ/zmq,)z —%B}fﬂ%gz J{A—iz(j—s/zwq,)z +%B}ei(_3/2)¢g4 =0,
r r

[A_Lz(j+3/2+A¢)2 —%B}ei(ﬂ/z)d’gl _[A_iz(j—l/uA(I,)z —%B}ei(l/z)d’gg =0,
r r

[A—iz(j—yzm(b)z +%B}ei(_3/2)¢g4 =0, [A—Lz((j+3/2)+A¢)2 —%B}e"“-””)d’gl =0.
r r

(10)

(1)

(12)

Allowing for the 3-rd and 4-th equations, we can derive 4 unlinked equations (in all equations, we can

eliminate the ¢-dependent multipliers):

1. 3 1. 1
[A—F—Z(J+3/2+A¢)2—53}g1=0, {A—r—z(]+1/2+A¢)2—53}gz=o,

[A—Lz(j+3/2+A¢)2—%B}g3=O, [A—%(j—3/2+A¢)2+%B}g4=O.
r r

(13)

This simple system refers to solutions ¥ in Cartesian tetrad basis and in the non-cyclic presentation of
the spin matrix S;; however, the corresponding substitution is not simple — see (8). In the cyclic pre-

sentation, we get the same four equations, but with the use of a more simple substitution (7).
Solving the 2nd order equations. We start with the equation in cyclic basis for states ‘T’_Cj :
" g1(r)
\?c _ e—ifteikz elmd)gz(r)
™ g3(r)
e gu(r)

setting ¢ =1, =1, eB = B, we arrive at 4 unlinked equations:

2
11d?> 1d 1 Br? 5 B
cgr1=———|—>+ —|m-———| k" |g1+——o01g1,

s j:j?’Em»

2M dr2 ;;_rz 2 2M
2
_Ujd® 1d Af  B?YV 5| B
27 oM@ rdr 2 2 827N 0287

(14)
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OIM\| dr? rdr 2 oM
- - (15)
2 2\2
1| d ld 1 Br ) B
€84 =———— |~ t——F———|m- —k* |ga+-—04g4.

2
1d*> 14 1 Br? ) B
€gy=———|—5t————|m- —k” |g3+——03g3,

2M dr2 rdr r2 2M

In the vicinity of the point =0, we get gx =, a; =+|m|,—|m|; to describe bound states, we should
use the following asymptotic » = #*" For dimensionless variable x = Br%/2, equations take the form

2
ZMf—i-fZBxd—+2Bi—£(m—x)2 —k? +3—B g1=0,
dx? dx 2x 2

2
2Mf+2Bxd—+2Bi—£(m—x)2—k2+£ g2,=0,
dx? dx 2x 2

2
2M€+2Bxd—+2Bi—£(m—x)2 B g3 =0,
dx? dx 2x 2

2
aMer28x 2 vop L - B w22 3B g, 0
dx? dx 2x 2

they have the same general structure

2 2 g2

dxr dx 4 2B 2

note the physical dimensions of the quantities:

1 1 1 1
[x]=1, [M]=—, [kK’]=—=. [2Mcl=—, [B]=—.
L L L L
Let us apply the shortening notations
2 2 2
M—E=B, xd—+i—l 2o x—2m +B|g=0. 17)
2B 2 de? de 4| x
In the vicinity of the point x = 0, the above equation gives g =x%, a=+|m|/2, —|m|/2; atx — o we

get g = e}‘x, A=+1/2,-1/2. Because x = Br*/2, where B > 0, at r-infinity, the variable x — +oo; so the

needed asymptotic is go, ~ e 2. Thus, searching for solutions in the form g = xae_X/zG(x), we derive
xG"+(|m| +1—x)G'+(@—%+BjG =0.

This is an equation of hypergeometric type

2
- 1
xd 2G+(c—x)d—G—aG=0, c=lm|+1, aZ—KM——HL%j.
dx dx 2 2
Imposing the polynomial condition a =-n, n=0,1,2..., we get
m—|m| 1 2Me—k* o 2Me—k? 1 o |m|-m
——+ —— =N =ttt —.
2 2 2B 2 2B 2 2 2
Thus, the transverse motion of the particle is quantized according to the rule
1 - 11
IMe—k?=2B|n, + S Imlzm) g3 113 (18)
2 27222
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In order to describe the energy level degeneration, we should use other notations (recall that m = j; = /)

WMoy —k> =28 N MmN o Ot (19)
2 2

Now let us turn to solutions with fixed quantum numbers c,, —id,®}5 = c,®;. For this case, we
have the substitution

e £i(r) | o1 fi(r)
ico0 ic2¢ ic20
P = it ik eic ¢f2(r)’ _id, eic ¢f2(’”) _ Gzeic ¢fz(r); 20)
e'?3 f3(r) e f3(r)| |o3e 3 f3(r)
e fa(r) ()| Joae ™ fa(r)

correspondingly, from the main equation we get 4 similar equations

Br?

A2 1d 1 ?
5 J -Bo, |g,=0, o=-

ZMf_k2+_+____[c,,_

b

N | W

2°2°2°

N | W

dr* rdr ?

These equations belong to the above examined type, the difference consists only in the replacement of
the parameter m by o,. Therefore, we derive the needed spectra by formal changes:
2M€n—k2=2B(n+l+6—"+M), cz—é,—l,+l,+§. (22)
2 2 2 272 2 2
Cylindrical tetrad basis, the gauge transformation. The task under consideration by means of
a relevant gauge matrix may be transformed to cylindrical tetrad. To this end, let us recall some details
from [11, 13], where the non-relativistic approximation for a spin 3/2 particle was studied. It was shown
that if in the relativistic 16-component wave function for a spin 3/2 particle we preserve only the large
components, as the result we obtain the function with a simpler structure; besides, in the paper [12]
the relevant gauge transformation for six large components from Cartesian to cylindrical tetrad was
derived:

0 L I§ LS
0 LS I§ IS L L5 LS
o= T T =Tt T 09 = (BROYODC, 23)
0 L L§ IS 15 1§ IS
0 L5 L% Lg

where the 2-spinor and 3-vector transformations are determined by the formulas
cos¢p +singp O
, O=|-sin¢ cos¢ O] (24)
0 0 1

. S0
B 0 2

Therefore, the needed gauge transformation is defined according to the rule
Li L5 LS
L5 Ly Ly

oM =(BRO)D =B 0=

o2 (cos OL{ +sin LS ) e'? (—sin OL] + cosdLs ) g o5)
o102 (cos OL3 +sin ¢Li) o102 (—sin ¢L5 + cos (I)Li) e V2L¢

whence it follows



54 Proceedings of the National Academy of Sciences of Belarus. Physics and Mathematics series, 2026, vol. 62, no. 1, pp. 48—58

. 1 . : P ,

L‘fyl =2 Z (e + 7 LS —L(e“1> —e )5 |,
2 2
chyl = 02 l(eid’ + e_i(b)L% —i(ei(b —e_i(b)Li ,
2 2

. P > 1 . >
[ =™ [é(eld’ —e T[S +5(e’¢ p "")ng, (26)
Lf‘yl = 02 (é(eid’ — e_id’)L‘j +%(ei¢ + e_i¢)Lc j,

According to [11, 13], only 4 large components L, L,, Ls, L, are independent; two remaining are

determined by the formulas L§ =i(L{ — Lg), L% =—i(L5 + LS). After eliminating the variables L5, L%,
we obtain the transformation rule for 4 independent variables:

1 . > 1 . i
L<1:yl :_(e3z¢/2 t+e z¢/2)L(1: +_(e3z¢/2 —e 1¢/2)(L(1: —L%),
2 2
1 . _a; 1 . _a:
Lgyl :E(et¢/2 t+e 31¢/2)L3 +5(€l¢/2 —e 31¢/2)(LS -I—L%), (27)

Instead of Lj, let us introduce more convenient variables ¥, for which the structure of Pauli-like
equation is given with the use of the third spin projection [8—10]:

Yil 1 0o o 1L /3 0 1/3 0

e sl o1 -1 ool|zs Lo 13 0 1/3

we=g1c=|" *|= R ,
wel 20 0 -1ge 0 -2/3 0 1/3 (28)
we| 1002 1 0 2/3 0  -1/3 0

Yi=L{+Lg, W5=L5—-L5, WS5=2L{-Ls, W§=2L5+1LS;
the inverse transformation reads as

1 2

1 1 1 1 2 1
Lf=§‘Pf+§‘P§, L3:§W5+§Tia §=—§‘~P§+§‘Pi, L%=§‘Pf—§‘1’§ (29)
For the variables ¥, the formulas (27) take other form
1 ey _io EL 1 @y L _3ie
LM =-Wfe 2 ——Wie 2 +-WSe 2, LY =-Wje2 ——Wie?2 +—¥ie 2,
3 6 2 3 2 (30)

i i} i i$
Lcyl _ l\Pc % 2\Pc % Lcyl _ Z\PC JE l\Pc 7%
5 —5 4€ —5 267, 6 —5 1€ —5 e =

Taking into account (9) — where the multiplier e e is omitted — we can rewrite the relations (30)
differently

Liyl(r,cb)=eff‘"Bg4(r)—égz(r)} L;yl(r,cln=el‘f""Bg1(r)—%g3<r)}
(31
L‘;yl(r,¢)=§g3(r)e"f¢, Lzy1<r,¢)=—§gz(r>e"f¢,

the corresponding inverse transformation reads as
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21N = 208" )+ L8 [ 7, g2(r) = 3L () e,
g()=3L" () e, ga(r)=[ 207 (. 9) - L' () e,
In the cylindrical tetrad basis, the transformation to more convenient variables was performed:

L) =[O )+ ¥ () | LD ) = [ 28 ()~ () .
3 3

1 1
5.0 =[ P70+ ¥ 0 | 1800 = [0 - 295 0)
and inverse formulas read as

PN (r,¢) = LY (r,0) + LY (r,0), P (r,9) = LY (r,0) - L2 (r,0),
P (r,0) = 2L (r, )~ LY (r,0), P (r,0) = 2L (r,¢) + LY (7, 0).

So we find the substitution for ‘Pj-yl

WP ()= 24() £ 82() ~ 1 82() = Sg4() ~ 3221,

6 3
. 1 1 1 1 1
—wbxycyl - _ _ __ - __
e 5 (1) 2gl(r) 6gs(r) 3gs(r) 2g1(7') 2g3(r),

eV ()= g4() - 22+ T 82() = ga(r),

e—"f'¢\Piy1(r>=gl(r)—égg(r)%gg(r):gl(r);

the inverse formulas are
Q=¥ ()=Fi =G, g2(r)=+¥'(rn-2¥P(r)=F-2F =G,
g3 =¥ () -29 (N =F4-2F,=Gs, gi(r) =¥ (1) =F;=Ga.
We can transform the main equation from Cartesian tetrad basis

2 2
omew, + 1A 100 ig2ya| k4B, PS=0;
dr* rdr r*\ 0

to the cylindrical variables ¥*! (see (36)):

oy 1 ar 1 1 i
_Eel(.l+1/2)¢g2+zel(j 3/2)¢g4 _Eel(l+1/2)¢G2+§el(1 3/2)¢G4
ey 1 e .
\Pi _ Eel(j+3/2)(j)g1 _Eel(j 1/2)(1)g3 _ Eez(]+3/2)cI)G1 _Eel(J 1/2)<|>G3 :llﬂ;yl .
ei(j_3/2)¢g4 ei(j—3/2)¢G4
BRI CIIDG,

(32)

(33)

(34)

(35)

(36)

(37)

(39)

In fact, the structures in (38) coincides with each other, up to the formal replacement g;(r) = G;(r).

Therefore, the above resulting equations must be the same:

{A—iz(jn/zm(b)z —%B}ei(l/z)‘l’Gz +{A—L2(j—3/2+A¢)2 %3}"(3/2)4’(;4 =0,
r r

[A—%(ﬂs/zmq,)z —%B}KWMGI —[A—%(j—l/u 4y)? —%B}ei(l/2)¢G3 =0,
r r
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{A—%(j—3/2+ 4y)? +%B}ei(_3/2)¢G4 =0, [A—iz((j+3/2)+ A¢)2 —%B}ei(+3/2)¢G1 =0. (39)
r r

Allowing for the 3-rd and 4-th equations, we can derive 4 unlinked equations:
[A—%(j+3/2+A¢)2 —EB}GI =0, [A—iz(jﬂ/zmq,)z —lB}GZ =0,
r 2 r 2
1 3 1 3 40)
: 2 _ . 2 -
[A—r—2(1+3/2+A¢) —EB}G3 =0, [A—r—z(]—3/2+A¢) +EB}G4 =0.

These equations refer to cylindrical tetrad basis (38) according to the rules:

G(N=¥§'(), G(=[¥§'()-2¢7 ()],
G =| ¥§'("-293' "], Gar) =¥, @

_lei(j+1/2)¢ [\ngl oy fyl:|+lei(j—3/2)¢ \ngl
2 2

1 1 i
\Pcyl _ 5et(]+3/2)¢ \Piyl _Eez(j 1/2)¢ [szl _2\P§yl:| '

i(j—-3/2) 1
el ¢ N7 gy

i(j+3/2 1
PUOARL) \sz

Transition to cyclic basis (in cylindrical tetrad) is reached as follows

ITIICYI _ ei(j+3/2)¢ \szl, q,;yl _ ei(j+1/2)¢ |:III§}’1 . 2\I,1cyl:|,
_ - _ - 42)
‘ngl = ol112)¢ [quyl —2‘}‘53'1], \szl = (I-3/2)0 \ngl_

Operator J$ and the gauge transformation to cylindrical tetrad. Starting with the formulas

-1/2 0 1 0 ¥
e ) 0 +1/2 0 -1 ¥4
J =—16¢+S3, S3: , Y= (43)
0 0 +3/2 0 W
3
0 0 0 -3/2 ¥
and taking into account relationships (30)
| 1 _id _iv 1 3i¢
Lcl:y (r,d))ZE‘Pf(r,d))e 2 _g‘{’g(r,d))e 2 +E\P§(r,¢)e 2 5
| 1 i9 9 1 _3ip
Lzy (7",(1)):5\1}5(1",(1))32 _ELPZ(raq))ez +5‘PZ(7‘,¢)€ 2 5
i i “44)
l e D) c By
L (r,9) =34 9)e 2 =S5 (. )e 2,
2 _i¢ _i¢

L (r,0) =2 W5 (r,d)e 5—§T§<r,¢)e 2,

3
we should examine the following relations
(<i0y +S)¥(r,0) = j¥(r0), LY (r,0) =S¥ (r.9),

[Stiog +85)5™ [y = 7 1.
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whence it follows S(¢)(—i0¢ +S53)S -l (0)= J ;yl, so we get the transformation rule

I =iy —iS 0 g +8838 71, 45)
of
where the matrix S(¢) is determined by (44), so that
1 i 319
le 2 0 _le 2 +le 2 O
3 6 2
1 i@ 3¢
0 —e? 0 ——e? +—e 2
g = 3
L] L]
0 —ze 2 0 le 29y
3 3
_io _io
%e 2 0 —le 2 0
3 3
After performing the needed calculation, from (45) we get
-3/2 0 0 1 3/2 0 0 -1
~e 0 3/2 1 0 0 -3/2 -1 0
J3yl=—i6¢+ + =—i0y.
0 0 -1/2 0 0 0 1/2 0
0 0 0 1/2 |0 0 0 -1/2

Therefore, we arrive at the equation
=i0yL (r,0) = j L' (r,0) = =i0g ¥ ' (r,0) = j ¥ 7' (7, 9). (46)

Without additional calculation one can find the tetrad gauge transformation for orbital momentum
£ = —i04 1n the non-diagonal presentation:

-3/2 0 0 1

7 eyl . ol 0 o1 ) 0 3/2 1 0
Y, LY =-i0y—iS| —S  |=-i0y+ ; @7)
0¢ 0 0 -1/2 0
0 0 0 1/2
correspondingly, in the cyclic (diagonal) basis ¥ we get
-3/2 0 0 0
g o 2+ 0o -1/2 0 0 48)
b = _l :
3 "o o +1/2 0

0 0 0 +3/2

Conclusion. In the present paper, we have examined the non-relativistic problem of a spin 3/2
particle in the external magnetic field, applying two tetrads: Cartesian and cylindrical, following
the concomitant local spin-vector gauge transformation B(¢) ® O(d). We have detailed the tetrad gauge
transformations for diagonalized operators of the total angular momentum and the orbital momentum

Jsut peat — 7 ;yl,j;yl‘ Equivalent substitutions for the wave functions in Cartesian and cylindrical
tetrads are found, for diagonal and non-diagonal bases. The second order equations arising in the non-
relativistic problem are solved in terms of the confluent hypergeometric functions, and the corresponding
energy spectra are found.
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