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Abstract

In the present paper, the system of 11 equations for massive
Stueckelberg particle is studied in presence of the external
uniform electric field. We apply covariant formalism accord-
ing to the general tetrad approach by Tetrode-Weyl-Fock-lva-
nenko specified for cylindrical coordinates. After separating
the variables, we derive the system of the first-order differ-
ential equations in partial derivatives with respect to coordi-
nates (r, z). To resolve this system, we apply the Fedorov-
Gronskiy method, thereby we consider the 11-dimensional
spin operator and find on this base three projective opera-
tors, which permit us to expand the complete wave function
in the sum of three parts. Besides, according to the general
method, dependence of each projective constituent on the
variable r should be determined by only one function. Also, in
accordance with the general method we impose the first-or-
der constraints which permit us to transform all differential
equations in partial derivatives with respect to coordinates
(r, z) into the system of 11 first-order ordinary differential
equations in the variable z. The last system is solved in terms
of confluent hypergeometric functions. In total, four indepen-
dent types of solutions have been constructed, in contrast to
the case of the ordinary spin 1 particle described by Daffin-
Kemmer equation when only three types of solutions are pos-
sible.
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AHHoTauua

B HacToswei pabote cuctema 11 ypaBHeHuit ans Maccue-
Hoi uactuubl LlTiokenb6epra uccnepyetca B NpUCyTCTBUM
BHelWHero OfHOPO/HOMO 3neKTpuyeckoro nons. Mpumensert-
cq TeTpaaHbli (hopManuaM, cornacHo Metogy Tetpopa-Beit-
na-®oka-MeaHeHko. Mcnonb3ayoTca LUAMHAPUYECKNE KOOP-
AWHaTbl M COOTBETCTBYIOWANA ANaroHanbHas Tetpaaa. Pasge-
NUB NepeMeHHble, NONYUUnKU cucTeMy AuddepeHLUanbHbIX
ypaBHeHuIA NepBoro NopsAAKa B YaCTHbIX MPOU3BOAHDIX MO KO-
opauHataM (7, z). N pewweHns 3Toll cUCTEMbI NPUMEHSIET-
ca metop, ®epopoBa-lPOHCKOro, COrNacHo KOTOPOMY Ha oC-
HoBe 11-MepHOro onepatopa CnMHa BBefeHbl TPU NPOEKTUB-
HbIX Oreparopa, No3BoOASIWME Pa3NOKUTb MONHYI0 BOHO-
BYI0 (byHKLMIO B CYMMY Tpex yacTeid. CornacHo obwemy Me-
TOy, 3aBUCMMOCTb KaXKA0# NPOEKTUBHOW COCTaBnAoWeN 0T
nepeMeHHoi T QOMKHa onpefenaTbcs TONbKO OfHOK (hyHK-
uuen. Takke ucnonb3yotca andibepeHunanbHble orpaH1ye-
HWSl MepBOro NopsiAKa, COBMECTUMbIE C CUCTEMOIA YPaBHEHMUI
W nossonsiowme npeobpasoBatb BCe YPaBHEHMS B YACTHbIX
NPOU3BOAHBIX MO KOOPAWHATaM (7, z) B 06bIKHOBEHHbIE BUt-
(hepeHuManbHble ypaBHeHUs N0 nepeMeHHon z. MocnepHss
CUCTEMaA pelleHa B TePMUHAX BbIPOXAEHHbIX runepreoMer-
puueckux dyHKumit. MocTpoeHbl ueTbipe HesaBUCUMbIe pe-
WeH!s, B OTAMYME OT cnyyas 06blUHOM uacTMubl CO Chu-
HoM 1, onucbiBaemMoit ypaBHeHueM [adduHa-Kemepa, korpa
BO3MOXHbI TONbKO TPU pelleHus.

KnioueBble cnosa:

yactuua lTiokenbbepra, TeTpagHbliA hopManuaM, LUITUMHAPK-
yecKasl CUMMETpUs, BHelHee 3NIeKTpUUecKoe none, pasgene-
HWe NepeMeHHbIX, YPaBHEHUS B YaCTHbIX MPOU3BOAHbIX, TOU-
Hble peleHus
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1. The basic equation

The initial Stueckelberg system [1-5] of equations for a
massive particle in presence of external electromagnetic
fields is

—D*U, — pu¥ =0,
D,V + D0, — pu¥, =0,
Da\lfb - Db\I]a - /J,\I/ab = 0,

where D, = 0, + ieA,. As the wave function, we will use
the 11-dimensional column

(I)(x) = (‘llv \1107 \Ijla \1127 \1137
Wor, Woo, W3, Waz, U3y, Vo) = (H, Hy, Hy)',

where ? denotes transposition. The above system can be pre-
sented in the block form

D,G"H, + pH =0,
A“D,H + K*DyHy — puH, = 0, (1)
DaLaHl — /JHQ = O,

or differently
(=D, — 1)@ =0,
0 -G* 0 H
r“=14A* 0 K*|, &=[|H,|. (2

0 Le 0 Hy

All blocks were defined in [3-5]. This matrix equation for

Stueckelberg particle can be extended to the Riemannian

space-time in accordance with the known tetrad procedure
U(x)=0.

[To‘(m) (6?“ + Z(x) - ieAa> — i
) ®

Local matrices I'* () are determined through the tetrads

[(z) = efy) (x)I'* =

0 —Gae‘("a) 0
— (A%, 0 Ko . (4)
0 L“e?‘a) 0

The connection X, () is defined by the formulas

0 0 0
j =10 ji* 0],
0 0 s
1.,
V(@) = 55"y (@)ewsa(), (5

1.,
Yi(x) = 5.7(11))@5@)6(17)!3;04@)7

1.,
Ya(z) = 5](2b)65($)6(b)6;a($)>

where jgll’) and j&l’) designate generators for vector W, (z)

and antisymmetric tensor W[, (), respectively. Equa-
tion (3) may be presented with the use of the Ricci rotation
coefficients

c @ 8 1 -q -
{P <e(c)8a:a + 37 O abe — zeAc> — u] U(z) =0.
(6)
In more detailed form, Eq. (6) reads
M s b 1 )
—-G° <€(C)aa +](1b) §’Yabc — Z@AC> H1 — /.LH = 0,

A° (ef)0a —ieA.) H+

, ab 1 .
+ K¢ (6(@6)aa + ]f”zb)i%bc — zeAc> Hy — /j,Hl = 07
(7)
b L .
L* <6?c)8a + J(1b)§%bc - ZeAc> Hy — pHy =0.
Let us consider the Stueckelberg equation in presence of the

uniform electric field. In cylindrical coordinates and corre-
sponding diagonal tetrad

xa = (t7 r, d)a Z)a
dS? = dt* — dr® — r?d¢* — d2*, Ay = —FEz,

the above equation takes the form (let e £ = E):

0 0
0 . 1
[F <at +zEz> +T —ar+
Dy + ' 0

+I‘3u]‘l/:0. (8)
T 0z

+1?
In block form, it reads

0 0
_ O — ) —_— 17_
[ G <at+zEz> G o

1/0 ) 0
—G2; < +]112> — G362:| H1 — ,LLH = 0,

A° g+iE2’ +A12+A216¢+A33 H+
or r 0z

ot
0 0
K = +iE K= 9
+[ (8t+2 z>+ o )
<12
_,_K?m +K3a] H, = pHy,
r 0z
B d Oy + ji2 0
02 P = 22T 137V = uH,.
[ TR R R

In the following, it will be convenient to apply the cyclic ba-
sis, in which the third projection of the spin is diagonal (see
details in [3-5]).
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2. Separation of the variables

We apply the following substitution for the wave function
in cyclic basis

_ [ H(r2) _
U =e e [ Hi(r,z) |, H=h(rz),
HQ('I",Z)

ho(r, z)
= | hi(r,2) = (Ei(r,z2)
Hy = ho(r,z) | H2_<Bi(7’,z) (10)

hs(r, z)

Then Egs. (9) read
d
o o_ a4
|:‘|'Z(€ E2)G° -G o

1, ) d
—Gz; (zm+j112) — dZG?):| Hl = N,H,
. 0 1 d m 5 d 4
—i(e — Ez)mA" + A" — + — A"+ —A°| H+
dr r dz

_ d
—i(e— E2)K°+ K'—
+{ i(e 2)K” + dr+
. .12 d
zm+b+zppquh

K
* d

d
—i(e — B2)L° + L' —
{z(e z)L” + dr+

. +.12 d
+ym2]1+wgﬂmzum_

After simple calculation, we obtain the system of 11 equations.
With the use of the shortening notations

d n m d m—+1
Gy, = — Gm = 7 )
dr r T ar r ()
_ 4 m , _d m-1
m dT r ) m—1 — d?“ r 9

it reads

i(e — Ez)ho + d

7h2 - bm,—lhl + a7n+1h3 = /’Lha
dz

d
—Z(E — EZ)h — deQ + bm—lEl — Clm_;,_lEg = /,Lho,
4

d
—amh + am+1B2 — 7B3 + ’L(G — EZ)El = ,uhl,

dz
d .
d7h + Z<6 - EZ)EZ - am+1B1 - bm,—lBS = Nh27
z
d .
bmh + b.mBg + IBl + Z(E — EZ)Eg = Mh,g,
z
amho — Z(G — EZ)hl = [J,El,
d )
_@ho —i(e — Ez)hy = pEs,

_b7nh0 — Z(E — EZ)h3 = ,LLE3,

d

—bphe + —hs = ubB;,
dz

_4

bm—1hi + ami1hs = pBs, d
z

hl - amh2 = /J,B3

3. The Fedorov-Gronskiy method

To resolve the last system, we will implement the
Fedorov-Gronskiy method [6]. To this end, let us consider the
T1-dimensional spin operator Y = —i.J'2. We readily verify
that it satisfies the minimal equation Y (Y —1)(Y +1) = 0.
This permits us to introduce three projective operators

1 1
P==-Y(Y -1 P,==-Y(Y+1
1 2 ( )a 2 2 ( + )7 (12)

Py=1-Y? Py+P,+P=1.

Therefore, the complete wave function may be decomposed
into the sum of three parts
U=Uy+W,; +¥_,,

(13)
U, =PV, o=0+1,—1.

We can readily find an explicit formula of them. Besides, ac-
cording to the Fedorov-Gronskiy method, dependence of each
projective constituent on the variable r should be determined
by only one function

Wy (r,z) =(0,0,h1(2),0,0, By (2),
0,0,0,0, Bs(2))" f1(r),
Wy (r,z) =(0,0,0,0, h3(2),0,0, E5(2),

Bi(2),0,0)" fa(r),
U3(r, 2) :(h1 (2),ho(2),0, ha(2),
0,0, Es(2),0,0, By(2),0)" fa(r).

Acting by projective operators on the above system of 11
equations P;(A11x11¥) = 0, we get three subsystems. Be-
sides, in accordance with the general method, we should im-
pose the first-order constraints which permit us to transform
all differential equations in partial derivatives with respect
to coordinates (r, z) into the system of ordinary differential
equations of the variable z

(14)

P
~an fy(P)R(:) + anfy(r)Ba(2) — () 5 Bs(e)+

+i(e — E2) f1(r)Ei(2) = pfi(r)hi(z) =
am f3(r) = C1fa(r),
am f3(r)ho(z) — i(e — Ez) fi(r)hi(z) =
= pf1(r)Ev(z) = an f3(r) = Cifi(r),

i) A () = an fo()haz) =

= Mfl(T)Bg(Z) = ame(r) = lel(r);
Py
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b Fo(PVR(E) b o) Bal2) + olr) S Ba(2)+
+i(e — Ez) fo(r)Es(2) = pfa(r)hs(z) =
b f3(r) = Cafa(r),
—bm f3(r)ho(2) —i(e — Ez) fa(r)hs(2) =
= pufa(r)Es(2) = by f3(r) = Cafa(r),
b o ha2) + Falr) o hs(z) =
= pfo(r)Bi(2) = by f3(r) = Cafa(r);
Py
“ile ~ Ef(r)ho(2) — Fo(r) b
+bm—1 f1(r)h1(2) = b1 f1(r)h3(2) =
= pufs(r)h(z) = bp—1f1(r) = Csf5(r),
~ile ~ B2) fs(r)h(z) — () 3 By
b1 f1(r)E1(2) — amy1 fo(r)E3(z) = pfs(r)ho(2)
= bn-1f1(r) = C3f3(r),  ami1fa(r) = Cafs(r),
fg,(?“)dizh(z) +i(e — Ez) f3(r)Ea(z)—
—0m11f2(7)B1(2) — b1 f1(r) Bs(2) = pf3(r)ha(2)
= b1 f1(r) = C3f3(r),  ami1fa(r) = Cafs(r),
—f3(7’)d%ho(z) —ief3(r)ha(2) = pfs(r)Ea(z),
brn—1f1(1)h1(2) + @1 fo(r)hs(2) = pfs(r)Ba(2)
= b1 f1(r) = C3f3(r),  amirfo(r) = Cafs(r).

Thus, we get the following system

@ ha(e)+

(2)+

iBg +i(e — Ez)E;

—C1h+ C1By —
dz

= ,uhh

A,

Clho—i(E—EZ)hl dz

= puky, Cihy = puBs,

d
Cgh + CQBQ + %Bl + ’L(G — EZ)Eg = ,uhg,
—Cgh() — ’L(G — Ez)hd = /.LE3,

d
—CQhQ + dfhg /J,Bl,

d
—i(e — Ez)hy — £h2 + Cshi — C3hs = ph,

—CyE; =

d
—i(G — Ez)h - deQ + CgEl ,uho,
z

d .
@h +i(e — Ez)Ey — CyBy

—diho — ’L(G — EZ)hQ

— U3Bs = pho,

,LLEQ, Cghl + C4h,3 = /J/BQ,

and the constraints

b7n—1f1(r> = C3f3(7’)> amf3(7") = C1f1(7’)a
amy1fo(r) = Cafs(r), bmfs(r) = Cafa(r).

Egs. (15) transform into equations for separate functions

(19)

bm—lame(’r) - 0103f3(r)7
ambm*lfl(r) = CIC?)fl(T)? (16)
Um+10m f3(1r) = C2Cyf3(r),
bTVLa77L+1f2(T) = 0204f2(r>~

Evidently, within each pair we canassume C3 = C1,Cy =
Therefore, the above differential conditions and the second-
order equations take on the form

bn—1f1(r) = C1f3(r),  amf3(r) = Cifi(r), (1
am+1fa(r) = Cofs(r),  bufs(r) = Cafa(r);
(b1 — }fs( ) =0,
[am m—1— Cif1(r) =0,
f3(r) = [brmami1 — C31f2(r) = (18)

Explicitly, Eqgs. (18) are red as
2 1d m? )
<dr2+rdr 7«2_Cl)f3(T):O’

(£ 2ty

ﬁ_'—rdr r2

e d_w
dr2 ' rdr 2

- ) fir) =

@)ﬁ(%—&

? 1d (m+1)>
2 -2t o2 =
<d7"2 rdr r? 2 | J2(r)
So we get the following constraint C3 = C3 = C} = C?,
and only three different equations
? 1d (m-—1)2
1 (—5+-———2-C? =
(er rdr 72 ¢ > hir) =0,

> 1d (m+1)? )
Qﬁ Tw‘ra‘c)ﬁm—u 9)
2 1d m? )
? @w+mﬁ‘ﬂ‘0)ﬁm—

They are solved in Bessel functions. More details on the pa-
rameter C? are given later. The meaning of parameter C
may be understood if we turn to the Klein-Fock-Gordon equa-
tion in cylindrical coordinates in presence of the uniform elec-
tric field

d? d? 1d m?
[d 2 (e EZ) ar? ' rdz r2
xe'emP R(r)Z(z) = 0.

The variables are separated as follows

{ddz t(e—E2)? -2+ A} Z(z) =0,
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d? 1d m?

PR

rdz 12 R(r) =0,

so C? = )\ is the separation constant associated with the
cylindrical coordinate system (see (19)).

4. Solving the equations in the variable =

Below we will take into account the identities C; = Cy =
C3 = C. We should solve the system of equations in the vari-
able z:

d
—Ch + CBQ — %Bg + Z(E - EZ)El = Mh,l,

d
—*hl — Chg = /J/Bg,

ho —ile — E2)hy = uFE
Cho —i(e z2)hy = pEy, dz

d
Ch + CBQ + IBI + Z(G — EZ)Eg = /Lh,g,
¥4

d
—Ch() — 2(6 — EZ)hg = NE& —Chg + dfhg = ,uBl,
z

d
z

d
—i<€ — Ez)h - £E2 + CE1 — CEg = /J,ho,

d
%h + 2(6 - EZ)EQ - CBl - CBg = /J,hg,

d
dz
First, we resolve the subsystem of 6 equations

h() — ’L(E — EZ)hQ = MEQ, Chl -+ Ch3 = /,LBQ

d
*’L(G — EZ)h — deQ + CEl — CEg = /Lh,(),
z

d
—h + ’L(E — EZ)EQ — CBl — CBg = /Lhz,

dz
Cho - ’L(E - EZ)hl = ,LI,El,
—Cho - Z(E - EZ)h3 - ,LLE3, (21)
d d
—Chg‘i‘*hg:/,LBl, _7}?/1_0}12 :/LBg,
dz dz

as algebraic one with respect to the variables
d
ho, ho, B, E3, By, Bs. This results in (let d, = d—)
z
e d,Eop —i(Chy — Chs + hu)(Ez — €)
0 — 202 — /1/2 9
2 — 262 — //LQ ’
1 .
E, = m (CdzEzﬂ + i(h (C = p)(C + p)+
+C(Chs — hp))(Ez — 6)), (22)
Es = ! Cd,E i (C*hy + Ch
3= m Lol — 1 1+ Chpu+

+ha(C = ) (C +p)) (B2 =€) ).
_ 1
o opt =207

+h3(C — u)(C + u)) +iCEypu(Ez — 6)),

1
o opP =20

+C(Chy — hp)) + iCEop(Ez — e)).

B (—dz (02h1 + Chu+

By (d: (0 (C = w)(C + )+

Now substitute these expressions into remaining 5 equations
d

—ie = B2)ho — —
z

hg + Chl — Chg = ,uh,

d .
—£h0 — ’L<€ — EZ)hQ = /J,EQ,

Chl + Chg = ,LLBQ, (23)
d
—Ch + CBQ - %Bg + Z(C — EZ)El = Mhl,
d
Ch + CB2 + %Bl + 2(6 — EZ)Eg = /j,h,3
As a result, we obtain
d*hp Cd?h, Cd?hs
1 z z _ z
202 — 112 + 202 — 2 202 — M2+
(e — Ez)? Cle — Ez)?
+M<2C2—u2 1)h+ 207 — 12 +C ) h+
(e — Ez)?
—1) =o0:
+Chs <u2 —en 0;
9 C2d§h3 df«hl ([L2 — 02) +
207 — p? pd —2C%p
Cd?h C?hs(e — Ez)?
e SN > Mg B A S
+M2—202+ 2C w3 — 202
(n* — C?)(e — E2)?
+<— 2C2M—/L3 — K hi+
(e — Ez)?
; Cdhy | dhs(p* — C?) |
202 — pi pd —2C%p
Cd2h C2hy (e — Ez)?
—=* 4+ B _——
tomm 2 + ByC + 202
(12— C?)(c — Ez)?
+h3 ( 22 — 1 W+
C(e— Ez)?
d2
4 [d2+(eEz)2,u2202] B, =0;
z
) —MB2+Ch1+Ch3:O
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With the use of equation 5, from equations 2 and 3 we can
eliminate the variable Bs. In this way we obtain the system
of 3 equations for variables h, hy, hs

1 p2(d* — 20% + p® + (e — E2)*)h+
+Cu(d? 4+ 2C% — 1 + (e — E2)*)hy—
—Cp(d? +2C°% — p* + (e — E2)*)hs =0,  (24)
2 Cu(d? +2C? — i + (e — Ez)?)h+
+(u? — C?)(d? +2C? — 1> + (e — E2)*)hy —
—C*(d?> +2C* — p* + (e — E2)*)hs =0,  (25)
3 Cu(d2 +2C% — 1 + (e — E2)*)h+
+C*(d? +2C* — pi* + (e — E2)*)hy—
—(p? = C?)(d2 +2C? — 1> + (e — E2)*)hg = 0. (26)

The structure of these equations may be presented shortly as
follows

1 A1h"+Blh+Clh/1/+
+D1hy + Mihi 4+ Nihy =0,
2 Ash” + Byh + Czhlll-l-
+Dshy + Myhiy + Nohs =0,
3 Ash” + Bsh + Csh{+

Dshy + Mghg 4+ N3hz = 0. (27)

We will combine these equations in three different ways.
The first variant is

(aA; +bAy + cA3) " 'h" + (aBy + bBy + ¢B3)h+
+(aCy +bCy + cC3) "+
+(aD1 4+ bDs 4 cD3)hi+
+(aM; + bMy + cM3) " hi+
+(aNy + bN3 + ¢N3)hs = 0.
This results in
R" + (aBy + bBy + ¢B3)h + (aDy + bDy + ¢D3)hi+
+(aNy + bNy + ¢N3)hs = 0,
where a, b, c obey the linear system
aAi +bAs + cA3 =1,
aCy +bC5 4+ cC5 =0, (28)
aMi 4+ bMy 4+ cM3 = 0;
its solution is
1 C C
a:m, T 202 — ¥ C:2C’2u—,u3’
The second variant is
(aA; +bAy + cA3) "R + (aBy + bBs + cBs)h+
+(aCy +bCy + cC3) ' hy+
+(aDy + bDy + ¢D3)hy+

+(aM; + bMy + eM3)~°hy+
+(aNy 4+ bN3 + cN3)hs = 0.
This results in
hY + (aBy + bBg + ¢B3)h + (aDy + bDy + ¢D3)h,+
+(aNy + bNy + ¢N3)hs =0,
where a, b, c obey the linear system
aA; +bAy + cAs; =0,
aCy +bCy + cC5 =1, (29)
aMy + bMs + cMs = 0;
its solution is
. C _ 1
202 — p3’ u? — 202’
The third variant is
(aA; +bAy + cA3)"°h" + (aBy + bBy + cB3)h+
+(aCy +bCy + cC3) " hy+
+(aDy + bDy + ¢D3)hy+
+(aMy +bM; + cMs) ' hi+
+(aNy + bNy + ¢N3)hs = 0.
This results in
h% + (aBy 4+ bBy + ¢B3)h + (aDy + bDy + ¢D3)h,+
+(aNy + bN3 + ¢N3)hs = 0,

where a, b, c obey the linear system
aA; +bAy 4+ cA3 =0,
aCi 4+ bCs + c¢C3 = 0, (30)
aMy +bMs 4 cM;z =1,

its solution is
C 1
== 0=0, c=—F——.
u—2C?%u 202 — p?
So after this transformation we get three second-order sep-
arate equations

a

2

d 2 2 2
d2
Tt (202 — 12 + (e — E2)?)hy — 2Chpu = 0,
d2
—hat (202 — pi® + (e — E2)*)h3 + 2Chu = 0. (31)

Let us introduce new variables

Then instead of (31) we can obtain one separate equation
d2 2 2 2
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and one subsystem

a2
|:M+202+M++(6—E2’)2] hZO,

2
(£ e -5 o

—24*G — 4uCh = 0.

The last subsystem can be presented in the matrix form

h 0 0\ /[h
2(&) = 1) (&)
DU = 2, AV, (34)

Let us find transformation which diagonalizes the mixing ma-
trix A

U= SU, DU =2u(SAS- )T, = (g) .

For transformation matrix S we derive the following equa-

tions
SA= A5, A= (Al 0)7

S11 S12 0 0y _ (M O S11 S12
So1 S22 ) \2C 0 Ay) \s21 822/
whence it follows
5122C = A\1811,  Si2ft = A1S12,
)\1 —20 S11 —0
0 ()\1 - M) s12) 7
5902C = /\2821, Soo b = >\2522,
)\2 -2C Sa1\ 0
0 (A2—p)) \s22)

The first row is specified by relations \; = 0,s12 =
0,s11 = 1; the second row is specified as Ay = , S90 =
1, 891 = 2C/ . Thus, the needed transformation matrix S

IS
1 0 1 0
S:(zc 1), 5‘1:<_20 1). (35)
Iz M

Therefore, we derive three separate equations:

2
[d +2C? 4 p? + (e — Ez)z} h=0, (36)

dz?
d? _

[d2 +20% — 1 + (e — Ez)Q] G=0, (37
z
d? _

{dz +2C% — p? + (e — Ez)z} H=0, (39
z

where - -
h=h, H=H=hy+hs,

_ 2
Gty —hs G=Shin —h
I

Besides we should remember the existence of the fourth in-
dependent equation for the variable Es:
d—272027 2+ (e—E2)?| E;=0. (39
a2 o’ € z o = 0.

So, in total, four independent types of solutions exist for
Stueckelberg particle in the external uniform electric field,
in contrast to the ordinary spin 1 particle described by the
Daffin-Kemmer equation when only three independent solu-
tions are possible. All four equations (36)-(39) have the same
mathematical structure. In the papers [7, 8], solutions for
equation of the form (39) were constructed in terms of the
confluent hypergeometric functions.

The authors declare no conflict of interest.
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