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SPIN 2 PARTICLE IN THE COULOMB FIELD,
STATES WITH MINIMAL VALUE OF THE QUANTUM NUMBER ;=0

The main goal of this study is to derive the non-relativistic system of equations for a spin 2 particle in
presence of the external Coulomb field, then to solve it and to find the relevant energy spectra. We started with
the known radial system of 39 equations derived for the case of a free particle and modified to take into account
the presence of the Coulomb field. After eliminating the 28 components related to vector and 3-rank tensor, we
get the system of second order for 11 components referring to scalar and symmetric tensor. Previously, the problem
of a non-relativistic spin 2 particle in external Coulomb field was studied. In turned out that this study did not
cover the case of minimal value of the quantum number, j = 0. In the present paper, this special situation is
solved, the corresponding energy spectrum is found.
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qacmuua co cnunom 2 ¢ KYJIOHO6CKOM noJie,
COCMOARUA C MUHUMAIbHBIM 3HAYEHUEM K6AHM 06020 HUC/iA ] =0

OcHognasi yenb Uccie008anusi — BblGeCMU HEPENAMUBUCIICKYIO CUCIEM)Y YPAGHeHUll Ol 4acmuybl
€O cnuHoM 2 8 NPUCYMCMEUU GHEULHE20 KYIOHOBCKO20 NOJISl, 3aMeM peuuns ee U Haumu coOOmeemcmeyouue
9Hepeemuueckue cnekmpwl. B pabome ucnonv3oeana uzeecmuas paduaivhas cucmema uz 39 ypaenenuil, evlge-
O0eHHas 01 CAyyYas c80000HOU yacmuysbl U MOOUDUYUPOBAHHAA C YUEmOM NPUCYMCMEUS KYJIOHOBCKO20 NOJIA.
Hocne uckniouenus 28 KOMROHEHM, CEI3AHHBIX C 6EKIMOPOM U MEH30POM MPEMbe20 Paned, Mbl NOLYYAEM CUCTNEMY
6Mopo2o nopsoka 0ns 11 koMnoHenm, OMHOCSUWUXCSL K CKATSAPY U CUMMEMPUYHOMY men3opy. Panee 6vina uzyuena
3a0a4a 0 HepeIsIMUGUCIICKOU dacmuye co CRUHOM 2 60 6HewHeMm KYloHoeckom nore. OOnaxo oOamnoe
UCCne0osanue He O0X6AMbIEAN0 CAYYAL MUHUMALbHOZ0 3Hauenus keéanmoeozo uucia j =0 . B pabome

UCC1e008aH UMEHHO SIMOM CIy4all, HAOeH COOMEEMCMBYIOWUL IHEPLEMUIECKU CREeKMP.
Knwuesvie cnosa: wacmuya co cnunom 2, angular momentum, KyJI10HOBCKOe noOJe, HEPesmusUCmcKoe
ypasHeHue, NPOeKmMuHvle ONepamopbl, CHeKmp SHepIull.

1. Solving the problem

In [1], the problem of a non-relativistic spin 2 particle in external Coulomb field was
studied. In turned out that this study did not cover the case of minimal value of the quantum
number, ;=0. In the present paper, this special situation will be solved. Let us recall only the

needed points. The wave function of a relativistic spin 2 particle consists of a scalar (H ),
4-vector (H,), symmetric tensor( /,), and 3-rank tensor antisymmetric in two indices ( H,);

in total, the wave function includes 39 components. On solutions with spherical symmetry the
following operators are diagonalized

JH=j(j+V)H, JH=mH, J H =j(j+)H, JOH =mH;

R
jz

- - . (1
o, = Jj(j+DH,, JYH, = mH,; Jé)H3=](]+1)H3, J{H, = mH,.

To separate the variables, we applied the Wigner D-functions technique

j =
D*"Hs (4.0,0) D*S3 ; see in [2; 3], at this the known recurrent relations [2] were used:
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1 1 — 1 1
0,0,=+—aD , -—aD,, ——D,=——aD ,——aD,,
2 2 sin @ 2 2
1 1 —m— 1 1
0,0, =+~ap,—<pp,, =0, __Lip_Lip.,
2 2 sin @ 2 2
1 1 —m+cos @ 1 1
o,D,=+—bD,——aD,, —— D =—-—bD_ ——a 2)
A A sing 2 7 2
—-m— 1
89D+2:+lbD+l_lCD+3’ MDJrZ:__bDH__CDH’
2 2 sin @ 2 2
1 1 — 2 1
0,0, =+tep, ~Lpp, 2080, _ 1 .p -
2 2 sin @ 2

ViG+D =a, (j-D(j+2)=b,

(J=2(+3) =c

We use the following substitutions (which refer to the cyclic basis, the common

—iet

multiplier e is omitted):

L) D,
f(r) D,
£ D,
hy(r) D, ¢(r)D,,
H=h(r)D,, H, = h(r) D, ’ zzcz(’”)Do
h,(r) D, c(r) D,
hy(r) D, dy(r) D,
d,(r) D,
dy(r) D,
Jo(r) D,
E\(r)D_ E,(r)D, E,(r)D_, E,(r)D,
Ey(r)D, E, (r)D_, Ey,(r)D, Ey(r)D,,
E5(r)D,, E5, (r)D, E,(r)D,, Ey(r)D,,
"B, [T BLD, [ (B0, B (D, |
By, (r)D, B, (r)D_, By, (r)D, By (r)D,,
B, (r)D_, B, (r)D, By, (r)D_, By, (r)D, ®

In cyclic basis, the third projection of spin is a diagonal matrix. For special case j=0,
we should impose the following restrictions (because only the Wigner functions D, =1 may
be used in describing such states):

h=0,h=0, f,=0,f=0, ¢=0,c,=0, d =0,d,=0,
E,=0, E, =0, E,=0, E,, =0,

Ey, =0, E, =0, E,=0, E;=0, @)
B,=0, B, =0, B,=0, B,=0,
B,=0, B, =0, B,=0, B,=0.

In order to take into account the presence of the Coulomb field, we make the change

€:>(€+£)EDO,
r
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then the 39 equations (see in [1]) take on the form

H
N2a (b + hy)+ 2r (iDyhy + mh + hy, ) +4h, = 0;
Hl
V2a(d, +d,)+2r(iD, f, +d, —3mhy )~ 3iDyrh+4d, =0,
2ac, —3ah+2b 3c
2 6\/7;” f (Dd +C3 +T) mhl =O,
V2a(c,+¢,)+r(2iDyd, +2 f, +3h —6mhy ) +4c, +4f, =0,
2acz—3ah+2bf3 ( 3¢ j
‘Dyd, +c, +— |—mh, =0;
6\/71’ r 3
H2
B, +2
&—iDOE]l —mf, — b(By h1)+B31'=0,
V2r

4B, ~ 4By, —8mrf, +4(Ey —2h, ) +~2a(3B,, + B, ~ B, — 3By, + B, + Ey = 2(h + 1))
+27(=iDy (Ey; +3Ey, + Ey, +2h))— B+ By,'+ E, '+ 6h, ) = 0,
2B,y +~[2b(B,, —2h,)~2r(iD,Ey, + mf, + B,,') = 0,
V2B, +2B,,+2a(B,, - By, ~2h, )~ 4h, ~2r(2me, +iD, (E,, + Ey, )+ B, ~2hy ) =
V2a (B, + B, ~ By~ By, — Ey— E; —2(h + 1))
=2(2(Ey +2h,)+ 7 (4me, +iDy (Eyy + Eyy + Eyy =2k )+ B,'= By,'+ By = 2h,)) = 0,
~4mre, +/2 (aB, —bB;, —a(B,, +2h,))~2(B,, +irD, (E,, + Ey )+ 2h —r(By,'+2h,)) =
—4mrd, + \/E(bE11 +a(—By, +Ey —2h,)) + 2(B30 +E,, +2E, +r(—iD, (E, +2h)+By,'+ E21')) =0,
V2a(B,,~ By + E, +E32)+2(E13 +2E,, + By, +r(-2md, —iD, (E, + 2h2)+E22'+2h0,)) =0,
2B,y +4E,, +2E,, +\2bE,, +32a(Byy + E,y 21, )= 2r (2md, +iD, (Ey + 2k, ) + B~ E,,') = 0,
4B, +~2a(B,, — By + B,y — By, +3E,) +3E,, +2(h + 1))
+2(—2By, +6Ey + 4h, +r(—4mf, +iD, (Ey — Eyy + Ey = 6hy )+ B, = Byy'+ 3, + 2h, ) ) = 0;
H3
6c;, Jr\/E(ac2 +3af, +bf))

r

4c, +\2a(c, +¢,)+4f, +2r(-2iDyd, =3(mEy + f'))+ f1,) = 0,
6c, +\/—(ac2 +3af, +bf3)

r

+2(-2iDyd, —3mE,, +c'y) =0,

+2(-2iDyd, —3mE,, +c¢',) =0,

d,—d
—mBer d3 +d, =0, —a( ’ 1)—mBzo=O,
\/_r J2r
dl +\/§ad2 +21"(WlB30 +d'1) \/— mEll lDoﬁ = O, _iD()c3 _mE21 _d'l = Oa
7"

2d, +~2a(2d, - d,) = 2r (3mE,, +iD, (3¢, + f,)+d",) =0,
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V2a (e, —2¢,)=2(c, + f, )+ 2r (3mB,, +iDyd, —3c',+ f ) =
\/7(2ac2 bf)
r

\/51903+2f1 +2r(mB; + f')=0, —iDy,

=3mB,, +iDyd, +

30,

mE,, =0,

J_ 2r
4d, +\/§a(dl +d3)—6mrE22 +2irD, (fo —3f2)—4rd'2 =0,
d
\/_r -mE,, =0,
6mrB,, —6c, + 2irD,d, + \/7(ac2 —3af, +bf, ) —4rc' =0,
a(c1 —c3)
——>-mB,, =0,
\/EI" 22
—6mrB;, —6c, +2irD,d, + \/E(ac2 +bf, —3af, ) —4rc', =0,
~2d, +~2a(d, —2d,)+2r(3mE,, +iD, (3¢, + f,) +d",) =0,

bd .
\/_T;—mE” —iD, f, =0,

—iDyc, +

—iDyc,—mE,; —d, =0,

13 \/7r f3 +f ,=0, -3mB,,—-iDd, +

\/E(bf3—2acz)
r
V2a(e, —2c1)—2(cz+f2)+2r(—3mB33 +iDyd, =3¢+ f1,) =

Taking in mind restrictions (4), we obtain more simple system
H

| —
-c', =0,

2irDyhy +2mrh+2rh, +4h, =0;

Hl
2irD, f, = 3irDyh + 2rd,, +4d, — 6mrh, =0,
ac, ah
- =0, 0=0 (a=0
3W2r 242r ( )
2irDyd, +4c, +2rf ", +4f, +3rh’ —6mrh, =0,
ac, ah
- =0, 0=0 (a=0
3W2r 242r ( )
H

_1\7/%; =0, 0=0 (B,=0)
~2irD,E,, — 6irD, E,, — 2irD,E,, —4irD,h, + 2rB,,'— 4B, + 2rE, '+ 4E
0=0,
J2aB,, —\2aB,; —2\[2ah, =0, 0=0 (a=0),
~2irD,E,, — 2irD,E,, — 2irD, E,, +4irD,h, + 2rB,,'~

8mrc, —2rE,'—=4E,, +4rh',—8h, =0,
—J2aB,, —2\2ah,-2B, =0, 0=0 (a=0,B, =0)),
—2aB,, +2aE, —22ah, =0, 0=0 (a=0),

5 —dmrf, +12rh',—8h,

=0,
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—=2irD,E,, —4irD,h, —4mrd, + 2rE,,'+ 2E , +4E,, + 2E,, +4rh, =0,
2aB,, +\2aE - 2\2ah, =0, 0=0 (a=0),
+2irD, E,; - 2irD,E,, + 2irD,E,, —12irDyh, — 2rB,,'— 4B,, + 6rE, ' +12E,, —8mrf, + 4rh',+8h, =0,
H3

Nae, 3Nl L oo (a=0)
r r

—4irD,d, +4c, —6mrE,, —6rf"' +2rf',+4f, =0,
\/Eacz N 3x/§af0
r r

=0, 0=0 (a=0),

ad,
=0, 0=0 (a=0), -mB,;=0, 0=0 (B,,=0)
\/Er ( ) 20 ( 20

J2ad, =0, 0=0 (a=0),
—6irD,c, —2irD, f, —2rd',+2d, —6mrE,, =0,
2irDyd, —6rc',—2c, +2rf',=2 f, + bmrB,, =0,
2\/§ac2

7

=0, 0=0 (a=0),

36512 =0, 0=0 (a=0), 2iDyf,—6irD,f,—4rd, +4d, —6mrE, =0,
r

9 _0, 0=0 (a=0), 2ac,~3V2af,=0, 0=0 (a=0),
2r

—mB,,=0, B, =0, ~2ac,-3v2af,=0, 0=0 (a=0),
6irD,c, +2irD, f, +2rd',—2d, + 6mrE,, = 0,

a6 o 0_g (azo0)
r

2irDyd, —6mrB,, —6rc, —2c, +2rf',=2f, =0.
Whence it follows

H
2irDyhy + 2mrh+2rh',+4h, = 0,
Hl
2irD, f, =3irDyh +2rd',+ 4d, —6mrh, = 0,
2irDyd, +4c, +2rf',+4f, +3rh'—6mrh, =0,
H

2
=2irD,E,, — 6irD,E,, = 2irD,E, —4irD,h, + 2rB,,'-4B,, + 2rE,,' + 4E,, —8mrf, +12rh',—8h, = 0,
=2irD,E,, - 2irD,E,, - 2irD,E,, + 4irDyh, + 2rB.,'=8mrc, — 2rE, ' - 4E, + 4rh',—8h, = 0,
=2irD,E,, —4irDyh, —4mrd, + 2rE,,'+ 2E, +4E,, + 2E,, +4rh', =0,
+2irD,E,, - 2irD,E,, + 2irD,E,, —12irD,h, — 2rB.,'-4B,, + 6rE, '+ 12E,, —8mrf, +4rh',+8h, = 0,
H

3

—4irD,d, +4c, —6mrE,, —6rf"',+2rf',+4f, =0,
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—6irDyc, —2irD, f, —2rd',+2d, —6mrE,, =0,
2irDyd, —6rc',—2c, +2rf',= 2 f, + bmrB,, =0,
2irD, f, —6irD, f, —4rd',+4d, —6mrE,, =0,
6irD,c, +2irD, f, +2rd',—2d, + bmrE,, =0,
2irDyd, —6mrB,, —6rc, —2¢, +2rf',—-2f, = 0.
Let us take into account the parity restrictions [1]: P = (=1)’"
h=0, h,=0,f,=0, h,=0,f,=0,c,=0,d,=0,
E,=0,E,=0,E,=-E,,B,=B,;

312

)
the the above system simplifies
H 0=0,
H, 0=0,
H, 2rB,'-4B,,=0, 2rB,=0, 0=0, -2rB,-4B, =0,
H, 0=0, E,=0, 6mrB,=0, 0=0, 6mrE,=0, —6mrB,;=0.
We can readily see that any states with this parity do not exist.
For the parity P =(~1)’, we have the following restrictions [1]:
hy=+h; f,=+f, ¢, =+c, d,=+d;

and the system of equations reads

H
2irDyhy +2mrh+2rh',+4h, =0
Hl
2irD, f, = 3irRh+2rd',+4d, — 6mrh, = 0,
2irRyd, +4c, +2rf ', +4f, +3rh' —6mrh, =0,
H2

—6irD,E,, —4irD,E,, —4irD,h, —4rB,,'+8B,, + 2rE, '+ 4E,, —8mrf, +12rh',—8h, = 0,
—-2irD,E,, —4irD,E, +4irD,h, —4rB,'-8mrc, = 2rE, ' —4E,, + 4rh',—8h, = 0,
=2irD,E,, —4irD,h, —4mrd, + 2rE,,'+4E,, +4E,, +4rh' =0,

—2irD,E,, +4irD,E,, —12irD h, + 4rB,'+8B,, + 6rE,,' +12E,, —8mrf, + 4rh',+8h, = 0,

H3
—4irD,d, +4c, —6mrE,, —6rf, +2rf ', +4f, =0,
—6irD,c, —2irD, f, —2rd ', +2d, —6mrE,, = 0,
2irD,d, + 6mrB, —6rc',—2c, +2rf',= 21, =0,
2irD, f, —6irR, f, —4rd',+4d, —6mrE,, =0,
6irD,c, +2irD, f, +2rd',—2d, + 6mrE,, =0, the same
2irDyd, +6mrB,, —6rc',—2c, +2rf"',=2f, =0, the same

We express the variables /,,h, from the group H,, and the variables E,,E,,,B,,,E,,
from the group H,, and substitute the results in the equations of the groups H and H,:
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2 1DDd +2 1DDd +8 ! D0d2+i%Drc2+4 21202+
3 m’ 3 mr 3mr 3mr
8 3 ~D!f, + f2+D2—h+D2 ! : 2%D§f0=0,
3 3m m m* "m’r m
1 o1 1 1 1 1
+4z—2D,D0d2+4z—2DODrd2— 6i Dd +2 D o — —D,,f0—2—2Drf0—
m m m* mr m
1 1 ) 1 1 1 1
—6—2D0f2 8f, +4—— e D 1, + 2Drf2—8—22f2 Dh 6
m mr mr

—4— 1 ~Djc, +16—— 1 D.c,—4 1203c2—8 1
m m m

——0c, =0
2.2 72 2
mr

1 1 1 1 1
—4— D;c, —8¢c, —4—2ch2 —T8cz +4i— D,D.d, +4i— D,D,d, —
m m mr m m
1 1 1 1 1
Df0+4 Df0+2 Df0 sz Df2+2me2 rf2+
1 1

+2D; —2h +2D}
m m mr

—4d, -8i 1 Dcz+21 1 DDf0+21 ! =D.D, f, -
m’r

—21‘#D0Drf2 —8i—m2r D,f,— 21'%DrDof2 - 2i#D0Drh - Zi#DrDoh =0,
| 1 | 1 1 1 1
4— Dyc, +16—— Dcz+4 >D,c,+8——c 41 >D,D,d, —16i——Dd, 41 > D, Dyd, +
m’ m’r mr m’r
1 1 1 1
+6—2D02f0—8f0—12—2D,f0 — D! f,-2—D, f2+12 sz 2— D, +8——f, -
m mr m mr
1 I 1

—6— D02 h+2—
m m mr
For states with the parity P=(~1)’, the 5 independent components are divided into
large (L) and small (§) parts as follows (see in [1])
L,+S,
2
When performing the non-relativistic approximation, we should separate the rest energy
by formal change D, = M +iD,,M >0; besides, bellow we should take into account the
identify m=-M .
As known, we should assume the following smallness orders for the wave function
components and derivatives (see in [1])

h=S,, f,=L+S,, ¢,= , dy, =8, fo=5,- (6)

L~1, S, ~x, iDrwx, wa,
m mr
1. 1 ) 1 a 1 )
—iDy=>—(m+iD,)=—[m+(E+—)]~(1+—R,) ~ (1+x7),
m m m r m
1 2 a 1 a 1 1
D) = (e (B D) (B4 YY) = (=2 R~ R~ (1 mx) =),
m m r-m
21 1 21 1 8 1 1

E_(l ;R )DS10 3mD(l m )Sm 5_(1 mRo)S1o+
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+4 1 D L2+Sz+i 1 L2+S2+

3mir T2 3 mr? 2
SLD (L, + S)+2 ! D?(L, S)+ — (L, +S,)+
3m2 P27

1 1 1 2 1
+(-1-2—R))S, + D} — S, +2D, ——S, + 285, ———203512 =0,
m m mr 3m

+4 ! D (1+ ! —R )Slo+4 (1+ ! R,)D.S,, - 16L(1+iRO)SIO+
mr m

1 1 1
+2(-1-2—R))S,,—4——-D.S,, -2—D!S,, —
m mr m

—6(—-1- 21R)(L +S,)-8(L, +S)+4 ! D(L +S8,)+6— ! ~D}(L,+S,)-
m

(L+S) 2(121R)S+61DS 412 DS, -
r
—4(—1—2—R0)L2+SZ+16 12 D,L2+S 4LD2L +5, _g 212L2+S2:0’
m 2 mr 2 m’ 2 mr 2

—4(—1—2LR0)L2+S2 —8L2+S2 _4%1)3 L,+S, 21 : 8L2+S2 N
m 2 2 m 2 mr 2

+4i(l+iR0)DrSlo+4LD,,(1+iRO)SIO—

m m m m

-1-2L RS, +4 12 DS, +2— ! _D’S,, - 2(—1—21R0)(L2+S2)—

! DZ(L +8,)— 8 (L +8,)+

1

m

2 —
Sl +2Dr WSI —4EDI,S1 = O,

L+5 +2L(I+LR0)D,,512 +2iDr(1+iRo)S12 -
m- m m n

1 1
45, -8—(1+—R,)
mr m

—2i(l+iRO)D,,(L2 +Sz)_8L(l+iRo)(L2 +S2)_2iDr(1+iRo)(Lz +S2)_
m m mr m m m

11 1 1
2 (1+—R))D,5, 2D, (1+—R))S, =0,
m m m

1 L, +S 1 L +S 1 L +S 1 L +S
4-1-2 e lplatS 1 lhtS o S,
- mRO) mr "2 m* "2 m’r* 2
1 1 1 1 1 1
-4—{1+—R,)D,S,,—16—(1+—R,)S,, —4—D, (1+—R,)S,, +
m m mr m m m

+6(-1-21R)S, 85, 12— D 5, —6LD3512 ~2
m m m

2 2
r

1
_2D5(L2 +S2)+

! D (L, +S )+8 (L +S5,)—

—6(~1- 21R)S+21DS+4 ! ~D,5,=0.

We will preserve only the terms of the primary orders x°,x,x”, equating them to zero;
in this way we obtain
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x
S+ 25, _ 0, §-8,=0, 25,-25 =0,
DL g 3L 6s,—145, =0,
m mr
x2
DrzL2 + 5DrL2 + 2l)rSIO + L2 4 4S10 =(
3m*  3mir 3m m*r®  3mr
Drzsz i 3D§Lz n 2DrS10 _ 32L22 I 4R0L2 _ 4S10 -0,
m mr m mr m mr
_Dr2L2 n 2D,S,, _ 32Lzz + 2R,L, =0,
m’r m mr m
_DS _DS, + DS, 3% _ 0, not needed
m m m mr
Dr2L2 n SDrLz _ 2DrS10 n 3L2 _ 4Slo =0
m* m’r m m'r*  mr
From equations related to order x, it follows
s =s,=0, §,=-2A 3L (7)
m  mr

substituting these into equations related to order x°, we get

DL, 5DL, L _DIL, DL, 151, 4R[L,_

2 2 2.2 :0’ 2 2 2.2 0’
3m 3m’r m'r m mr mr m
_2D]L, DL, L 3L 2RI DL, ,SDL, 3L,
m2 m2F m2r2 m ’ m2 m2r m2r2

The first and the last equations coincide, so we have only three different equations
(recall that R, = D,):

LADL, DL, DL, 15, L2DL, 2D}L, 7DL, 3L

= O, = 0’
m m2 mzr m2r2 m m2 m21" m2r2
2
D!L, 5D, 3L _,
2 2 2.2 :
m myr mr

Expressing the term 37, /m’r® from the last equation, and substituting this result in
two remaining equations, we obtain one the same equation

2D, D? 12D
°L2—32"L2— —L,=0.
m m mr

Let us take into account identities D, = E+a/r,m=-M; then we arrive at

2
[d_2+ii+%+m—al][lzzo. (8)
dar- rdr 3 3 r

Near the point r = 0, solutions behave as (let L,(r)=f(r)) f=r", 4=0,4=-3;
to bound states may correspond only the value A = 0. At infinity, we get
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1 d> 6d 2ME1 2Mal
x==, (—-———+ —+ —)f=0.
r (abc2 X dx 3 X 3 x)f
Thus, we have an equation of the confluent hypergeometric type (the point »=0 1is
regular, and the point » =—oo is irregular of the rank 2). Let us introduce the shortening

notations (remembering that m=-M <0)

2mE 2ma d 4d b
=a, =b, L,=f, [+———a——]f=0.
3 3 =/ [dr2 rdr r]f
Using the substitution f =r"e” F, we obtain
F”+(2_A+i+23)p'+[w+(32_a)+w]pzo_
roor

Let us impose restrictions (relevant to bound states)

AA-1)+44=0 = A=0; (B°-a)=0 = B=—Ja=- _2”3"E (E <0): ©)

then the equation simplifies
rF"+2A+4+2Br)F'+(2AB+4B—-b)F =0.
In the variable x =-2Br, it reads
d’ d
x—f+2A4+4-x)—
dx’ S )dx

The polynomial condition leads to the following quantization rule

a=A+2—i=—n’ 2+n=i, where 2_/—2ME’ b=—2Ma;

so the energy spectrum for states with ;=0 is given by the formula
__ Mo”1
" 6 (2+n)’

f—(A+2—%)F=O.

n=0,1,2,... (10)

Conclusion

In the previous study of the problem of a non-relativistic spin 2 particle in external
Coulomb field, the case of minimal value of the quantum number j = (0 was not considered.
In the present paper, this special class of states has been invesigated, and the corresponding
wave function and the energy spectrum are found. Recall that for states with the quantum
numbers j=1,2,... exist five types of solutions and correspondingly five energy spectra [1].
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