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Dirac — Kihler Particle in the Uniform Electric Field,
Solutions with Cylindrical Symmetry

16-component system of equations describing the Dirac — Kdhler particle in presence of the external
electric field has been studied. This equation describes a multi-spin boson field equivalent to the scalar,
pseudoscalar, vector, pseudovector,and anti-symmetric tensor. On the searched solutions, the operators of the
energy and the third projection of the total angular momentum are diagonalized. After separating the variables
in cylindrical coordinates, the system of sixteen first order equations in partial derivative with respect
to coordinates (r,z) is derived. To resolve this system the method by Fedorov — Gronskiy is applied.

Correspondingly, the complete wave function is decomposed into the sum of three projective constituents.
Dependence of 16 variables on the polar coordinate is determined only through three basic functions F(r),
at this there arise differential constrains which permit to derive the system of 16 differential equations
in the coordinate z. The three basic variables are found in terms of Bessel functions. The sysytem of equations in
the variable z is solved exactly, as the result, four linearly independent solutions for the Dirac — Kdhler particle in
presence of the external uniform electric field are constructed.

Key words: Dirac — Kdhler particle, external electric field, cylindrical symmetry, projective operators,
differential equations in partial derivatives, exact solutions.

YACTHIIA JIUPAKA - KDJIEPA B OJJHOPOJHOM DJIEKTPHUECKOM I1OJIE,
PEIIEHWS C HAJUHAPUYECKON CUMMETPUEN

Hccneoyemces  16-komnonenmuas cucmema ypaeHenutl, onucwlearowas yacmuyy /[upaxa — Konepa
8 NPUCYMCMBUU BHEULHE20 DNIEKMPULECKO20 ROJIL. Dmu ypasHenus ONUCbI8aion MyIbmMUcnuHo8oe 6030HHoe noJe,
IKBUBALEHIMHOE CKANSAPY, NCEBOOCKANAPY, GEKMOPY, NCEBOOBEKMOPY U AHMUCUMMEMPUYHOMY MEH30pY.
Ha emposwuxcs pewenusix ouazoHanuzupyiomes onepamopvl dHepeuu U mpemvetl NPOeKyul NOIHO20 Y2i08020
momenma. Ilocne paszoenenus nepemennvix gvigedena cucmema u3z 16-mu ougppepenyuanrvhvix ypasuenuil nep-
6020 NOPAOKA 8 HACMHBIX NPOU3800HbIX NO Koopounamam (r,z). Ymobwr pewums s3my cucmemy, UCHOIbIYEM

memoo @eodoposa — I ponckoeo. Coenacrho 3momy memody, NOIHASA GONHOBA (DYHKYUS PACKIAObI8AEmCcs HA
CYMMY mpex npoeKmusHvlX CoOCmasaaowux. 3asucumocms 16 nepemennvix om noaspHol Koopounamsl onpeoe-
Jemcs movbko yepes mpu 6asucnvie gynxyuu  F (r) . Haxnaoviearomes dononnumensivie ouggepenyuanvioie

02panuyenus, Komopuvle No360JAI0Mm npeobpazoeamv 6ce YpaGHeHus @ HaCMHLIX NPOU3BOOHbBIX 6 CUCIeMY
00bIKHOGEHHBIX  Ouphepenyuanvhblx ypasuenuii no nepemennou 1. Tpu ocHogHvle nepemenHvle HAUOEHbL
6 mepmunax @ynxkyui beccens. Cucmema ypasHenuil no nepemeHHol 1 pewaemcs moiHo, @ pesyivmame no-
CMpoeHbl Yemblpe TUHENHO He3A8UCUMBIX peuenus ypasHenus 0as yacmuysl Jupaxka — Konepa 6 oonopoonom
9NIEKMPUYECKOM noJe.

Knrwouesvie cnoea: uwacmuya [upaxa — Konepa, euewmee snekmpuyeckoe noie, YUIUHOPUHECKAs
CUMMEMPUs, RPOEKMUBHbLE ONEPATNOPYL, YPAGHEHUS 8 HACTIHBIX NPOU3BOOHBIX, MOUHbBIE PeUleHUS.

Introduction

As the Dirac equation was proposed [1], there appeared papers in which they tried
to reproduce Dirac’s results within the tensor representations of the Lorentz group [2; 3]. Later,
and equivalent approach within the other mathematical techniques was proposed by Kéhler [4],
now mostly used the term term Dirac — Kéhler field (also there are used other terms as well:
Ivanenko — Landau field, or vector field of the general type). Scientific literature concerned
with this field is enormous — see in [5-23].
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Three most interesting points in connection of general covariant extension of the wave
equation for this field are: in flat Minkowski space there exist tensor and spinor formulations
of the theory; in the initial tensor form there are presented tensors with different intrinsic
parities; there exist different views about physical interpretation of the object: whether
it is a composite boson or a set of four fermions.

In Minkowski space and Cartesian coordinates, the Dirac — Kahler equation may
be presented as a spinor equation for a 2-rank bispinor [7]:

[i "0, —m]U(x)=0, 1)
or as the set of tensor equations [7]:

o¥+m¥ =0, o¥+m¥, =0,
0¥ +0,¥,-m¥, =0,

Gl‘i’—%q ™Mo —m¥, =0, @
0,¥, -0,¥, +¢,” 0¥, -m¥,  =0.
These two description are related in the following way [7]:
U(X)=[—i‘1’+7/' Y, +ic™ ¥+ P+iyy ¥, ]E_l, 3)
the quantity E is a bispinor metrical matrix
€, 0 ic> 0
= oﬂ e [0 —io? @
the inverse transformation is
w=-Lsp[EU], ¥=1Sp[EFU),
i 4 ©)

1 5 1 !
¥y = SpErULL W, = - Sp [Ey*U1. ¥, =~ Sp [Eoy, UL,

In this paper we will examine the problem for this particle in the external uniform
electric field. We specify the main equation in cylindrical coordinates and then separate
the variables. As a result, derive the system of 16 first order differential equations in partial
derivatives with respect to the coordinates r and z.

To resolve this system, we apply the generalized method by Fedorov — Groskiy [24],

the last is based on the use of projective operators constructed with the use of generator J*
for the wave function with the properties of 2nd rank bispinor. Correspondingly, we present the
complete wave function into the sum of three projective constituents. Dependence of each
projective constituent on the polar coordinate is determined trough one function. We introduce
differential constariants which permit us to transform 16 equations in partiall derivatives
to ordinartrt diddfereebtiola equations in the variable z. We study the introduced differential
constraints for basic F(r),F,(r),F(r). They lead to 2nd order equations for basic three
functions, solutions for them may be found in terms of the Bessel functions. The sysytem

of equations in the variable z is solved exactly, as the result we have constructed four linearly
independent solutions for the Dirac — Kéhler particle in the uniform electric field.
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1. Separating the variables, the method by Fedorov — Gronsliy
In the tetrad form , the above equation reads [7]

[iy“(X)(D, +T, ® 1 + 1 ®T, (x)~MJU(X) =0, D, =0, +ieA,. (6)

In presence of the external uniform electric field, A, = Ez, it takes the form
2
[i7/°(§+iEz)+i7/16r +7/—(i8¢ +(?®1+1®5%))+iy’0, —MU(x) =0,
r

or differently (let U (x) = w)

Jr
0,0 . i1 1, 12 72- i3 _
[iy (a+|Ez)+|y8r+F7/ Qo +T|8¢+|y 0,-M]D(x) =0. (7)
Solutions are searched in the form [8]

fu(r.z) f,(r,z) fu(rz) f,(r,2)
f,u(r,z) f,(r,z) fu(r,z) f,(r,2)

V(tr,¢,z)=e""e™F(r), F(r)= , (8)
fSl(r1 Z) f32(r1 Z) f33(r’ Z) f34(r’ Z)
f41(r,2) f42(r,Z) f43(r!2) f44(r,Z)
then the equation reads
0,:10 1, 2 M, .3 _
[(e—E2)y" +iy a—+—7/ ®oc " ——y +iy°0,—M]F(x)=0. €)]
rr r
Recall expressions for the Dirac matrices in spinor basis [7]
0010 00 0 -1 00 0 i
, 0001 , o0 -10 , 100 -0
"Mooo " o1o o " o oo 0
0100 1 0 0 O i 0 0 O
0 0 -1 0 1/2 0 0 0
, 00 01 ., |0 -1/2 0 O
"7l oo oo 7 Tlo o 12 o

0 -1 0 O 0 0 0 -1/2

Below we will apply the method by Fedorov — Gronskiy [24]. To this end, we present
the complete wave function as the 16-dimensional column

F(r.z) f..(r,z) f,(r,2) fs(r,2) flu(r.z)
E= F,(r,z) _ fou(r,2) _ f(r,2) _ fps(r,2) _ fo(r,2)

F(r,2) L f,(r,2) e fy, (r, 2) e fo3(r,2) e fo (r, 2) '

F(r.z) fu(r,2) fi(r,2) fia(r,2) faa(r,2)

Correspondingly we should present the third projection of the spin Y =S,
in 16-dimensional form.
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We readily verify that the minimal equation for this matrix has the form Y®-Y =0;
correspondingly, there exist three projective operators

=YD, REoY(-D), RE1-YY (1)
dependence of each constituent on the variable r should be determined through one function:
fn(z) 0 0
0 O f21(2)
( f13(z)+ f31(2))/2 _( f13(z)_ f31(z))/2 0
0 0 f41(z)
O 0 le(Z)
O fzz(z) 0
0 0 f5,(2)
| (f(2) = 1,4(2)) /2 _| (fe(d) + Tu(2)) 12 Y
7 (@ @)2 |20 T (@ - @)z | T T o [P0
0 0 f,,(2)
f,4(2) 0 0
0 O f43(z)
0 O flA(Z)
_( fAZ(Z)_ f24(z))/2 ( f42(z)+ sz(Z))/Z 0
0 0 f2(2) 12
0 . (2) 0 (12)

It is convenient to introduce the following notations

L@+ @)= A, 5 (1) 1,(2) = BE)

(1)~ £ =CE@, S (fa+ () = D) (13)

f(2) = A(2)+B(2),  f4(2) = A(2)-B(2),
f,,(2) = D(z) +C(2), f,.(2) = D(z) -C(2),
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then the three main constituents are presented as

f,(2) 0 0

0 0 f,,(2)

A(2) -B(z2) 0

0 0 f,.(2)

0 0 f,(2)

0 f,,(2) 0

0 0 f,(2) (14)
=[P w2 PP lem, v =] 0 R,

A(2) B(z) 0

0 0 f23(Z)

fs(2) 0 0

0 0 f43(z)

0 0 f14(z)

-C(2) D(z) 0

0 0 f34(z)

0 f.(2) 0

Further we derive the system of 1st order partial differential equations 4
with the shortening notations

d m+1/2 _ d m-1/2 _
&"' r = Q129 J"' r = 129

15
d m+1/2 _ d m-1/2 _ (15)
a_f = Fmiy/2; E‘ r - bm—1/2’

it reads
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&, 4, Fa (r,2) —IMf, (r, 2) + (—i(e —Ez) +0,) f,,(r, 2) = O,
Q2 T4 (1, 2) —iIMI, (1, 2) + (—i(e — Ez) +0,) f5,(r, 2) = 0,
&, 4, fas(r, 2) —IMf,(r, 2) + (—i(e —EZ) +0,) f,5(r, 2) = O,
Apysz Tag (1, 2) —iIMI, (1, 2) + (-i(e — Ez) +0,) f,,(r, 2) = 0,
By, 1o f21 (r, 2) —IMf,, (1, 2) + (-i(e - Ez) - 0,) f,,(r, 2) = O,
Byy.ass f2o (1, 2) —=IMFy, (r, 2) + (<i(e - Ez) - 0,) f,,(r,2) = 0,
By, 115 fa3(r, 2) —=iMf (r, 2) + (—i(e —Ez) - 0,) f,5(r, 2) = 0,
Byy.aso f2a (1, 2) —=IMF,, (r, 2) + (—i(e - E2) - 0,) f,,(r,2) = 0,

=y, T (1, 2) —IMfy (r, 2) + (-i(e - E2) - 2,) T, (r, 2) = 0,
=1, T (1, 2) —IMfy, (1, 2) + (-i(e - Ez) - 0,) f1,(r, 2) = 0,
~&n12 f23(r, Z) - iMfss(r1 Z) + (_i(f - EZ) - az) f13(r1 Z) =0,
=1, 24 (1, 2) —IMf,, (1, 2) + (-i(e - Ez) - 0,) f,,(r, 2) = O,

~b,,_y, 1. (r, 2) —iMf, (1, 2) + (-i(e — Ez) +0,) f,,(r,2) = 0,

—By0, 1o (r, 2) —IMf, (1, 2) + (i (e - E2) +0,) f,,(r, 2) = 0,
—b,, 1, i3 (r, 2) —iMf ,(r, 2) + (—i(e = E2) + 0,) f5(r, 2) = 0,
—By0, 1 (r, 2) —IMF,, (r, 2) + (i(e - E2) +0,) f,,(r, 2) = 0.

Let us transform these equations to other variables

fa(r,z)=A(r,z)+B(r,z), f,(r,z)=A(r,z)-B(r,z),

(16)

(17)

f,(r,z)=D(r,z)+C(r,z), f,(r,z)=D(r,z)-C(r,z), and soon,

then we get

1

© 00 N O O &~ W N

a1, T4a(r,2) =IMf, (1, 2) + (—i(e — EZ) +0,) f,,(r,2) = O,

bm—llZ f33(l’, Z) - iMfza(r’ Z) + (_i(f - EZ) _az) f43(l’, Z) =0,

bm+1/2 f34(r1 Z) —iM (D(I’, Z) _C(r, Z)) + (_i(f_ EZ) _az) f44(l’, Z) =0,
— a0 le(r! Z) —iM (A(I’, Z) - B(I’, Z)) + (_i(f_ EZ) _5z) fll(r’ Z) =0,
10 =y, T (1, 2) —IMfy, (1, 2) + (-i(e - Ez) - 0,) f1,(r, 2) = 0,
11 -, 4, s —IMf,, + (-i(e —Ez)-0,)(A+B) =0,
12—-a,.,,(D(r,z)-C(r,z)) —iMf,,(r,z) + (—i(e - Ez) -0,) f,(r,2) =0,
13 —b, ,, f.(r,z)=iMf, (r,2) + (-i(e - Ez) +0,) f,,(r,2) = O,

&,y T4,(r,z) —iIMf (r,z2) + (i(e —Ez) + 0,)(A(r,z) - B(r,z)) = 0,
a,.,,(D(r,z)+C(r,z)) —iMf,(r,2) + (-i(e —Ez) +0,) f,,(r,z) = 0,
A,y T45(r, 2)—=IM (A(r,z) + B(r, z)) + (-i(e —Ez) +0,) f,(r,2) = O,

by 12 (AT, 2) = B(r, 2)) =IMT;, (r, 2) + (-i(e - E2) = 0,) f,,(r, 2) = 0,
Bz T2 (V2 2) —IMF,, (1, 2) + (=i(e — Ez) - 9, )(D(r, 2) + C(r, 2)) = 0,

(18)

14 -0, F,(r,2)=IM(D(r,z) +C(r,z)) + (-i(e —Ez) +0,) f,(r,z) = 0,
15 —-b, ., (A(r,z)+B(r,z)) —iMf,(r,z) + (-i(e —Ez) +0,) f,;(r,2) = 0,
16 -b,., F.(r,2) —iMf,, (r,2) + (i(e —Ez) + 0,)(D(r,z) - C(r, z)) = 0.
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It § convenient to apply the shortening notations
a, =&, a,,,=-8&, b ,,=b, b .,=b; so we obtain (combining equations
as shown below)
2)+12)
a,(D(r,z)+C(r,z)) —iMf,(r,z) +i(—(e —Ez) —i0,) f,(r, z) —a,(D(r, z) - C(r, 2)) —
—iMf,, (r,z) +i(—(e —Ez) +i0,) f,,(r,z) = 0.
2)-12)
a,(D(r,z)+C(r,z)) —IMf,(r,z) +i(—(e —Ez) —i0,) f,,(r, 2) +
+a,(D(r,z)—-C(r,z)) +iMf,, (r,z) —i(—(¢ —Ez) +i0,) f,,(r,z) = 0.
3)+9)
a f(r,z)+i(—(e—Ez)—i0,) f5(r,z)—a,f, (r,2) +i(—(e —Ez) +i0,) f,(r, 2) —
—IM (A(r,z)+B(r,z))-iM (A(r,z) -B) =0,
3)-9)
af,(r,z)+i(—(e—Ez)—i0,) f,,(r,z) +a,f, (r,z) —i(—(e —Ez) +i0,) f,,(r, ) —
—IM (A(r, z)+ B(r,z)) +iM (A(r, z) - B(r,z)) = 0.
5) +15)
b, 1, (A(r,z)—B(r,z)) —iMf, (r,z) +i(—(e — Ez) +i0,) f,,(r, 2) -
—b,, 1, (A(r,z)+ B(r,z)) —iMf ,(r,z) +i(—(e —Ez) —i0,) f,5(r,z) = 0,
5)-15)
b, (A(r,z) - B(r, z)) —iMf,, (r, z) +i(—(e — Ez) +i0,) f,,(r, Z) +
+b, (A(r, z) + B(r, 2)) +iMf ,(r, z) —i(—(e — Ez) —i0,) f;(r, ) = 0.
8)+14)
b, f,,(r,z) +i(—(e —Ez)+i0,) f,,(r,z) —b, f, +i(—(e —Ez)—i0,) f,,(r,z) -
—iM(D(r,z)—C(r,2))—iM(D(r,z) +C(r,2)) =0,
8)-14)
b, f,, +i(—(¢ —Ez)+i0,) f,, +Db,f, —i(-(¢e —Ez)—i0,) f,, —
—iM (D(r,z)-C(r,z))+iM(D(r,z) +C(r,z)) = 0.
Equations 1) and 22):
1) af,(r,z)—i((e—Ez)+io,)(A(r,z) - B(r, z)) —iMf,(r,z) =0,
11) —a, f,,(r,z)—i((e —Ez)—i0,)(A(r, z) + B(r, z)) —iMf,(r,z) = 0;
let us use the notations
P=(e—-Ez)+i0,, Q=(e—Ez)-i0,, P+Q=2(e—Ez), P-Q=2i0,,
then we have
a f,(r,z)—iP(A(r,z)—B(r,z))—iMf,(r,z) =0,
—a, T, (r, z) —1Q(A(r, z) + B(r, 2)) —iMf,(r, z) = O;
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we sum and subtract the last equations

a,(f3,(r,z) = f5(r, 2)) —i(P+Q)A(r, 2) +i(P - Q)B(r, z) —iM (f,,(r, 2) + f5(r, 2)) =0,
&, (f,,(r,2) + f55(r, 2)) —i(P —Q)A(r, 2) +1(P + Q) A(r, 2) —IM (f,(r, 2) - f5(r, 2)) =0,

or
a (f,(r,z)—fu(r,z))-2i(e —Ez)A(r,z) —20,B(r, z) —iM (f,,(r, ) + f5,(r, 2)) = 0.
a (f(r,z)+ f5(r,2))+20,A(r, z) + 2i(e —Ez) A(r, z) - IM (f,,(r, z) — f,5(r,2)) = 0.
Equations 6) and 16):
6) b, f,,(r,z)—i((e —Ez)—i0,)(D(r, z) + C(r, z)) —iMf,(r, z) =0,
16) —b, f,(r,z)—i((¢ —Ez)+i0,)(D(r,z) —C(r, z)) —iMf,,(r,z) =0,
or

b, f,, (r,z) —iQ(D(r,z) + C(r,z)) —iMf ,(r,z) =0,
—b, f,,(r,z) —iP(D(r,z) —C(r, z)) —iMf ,(r,z) = 0;
we sum and subtract these equations
b, (3, (r, 2) = f1,(r, 2)) —=i(P+Q)D(r, 2) +i(P—Q)C(r, 2) -iM (f,(r, 2) + f,,(r, 2)) = 0,
b, (5, (r,2) + f,,(r, 2)) +I(P—Q)D(r, 2) —i(P+Q)C(r, z) —i(f,,(r, 2) — f,,(r,2)) =0,
or
b, (f,,(r,z)— f,(r,2))—2i(c —Ez)D(r, z) —20,C(r, z) —iM (f,(r, 2) + f,,(r, 2)) = 0,
b,(f,(r,z)+ f,(r,2))—20,D(r, z) + 2i(e — Ez)C(r,z) —i(f,,(r,z) - f,,(r,2)) = 0.
So we have four equations:
a (f,(r,z2)—f,(r,2))—2i(e —Ez)A(r,z) —20,B(r, z) —iM (f,,(r, ) + f,,(r, 2)) = 0.
a (f,(r,2)+ fu(r,2)) +20,A(r, z) + 2i(e —Ez) A(r, ) —iM (f,(r, 2) — T ,(r, 2)) = 0.
b, (f,,(r,z)— f,(r,2))—2i(c —Ez)D(r, z) —20,C(r, z) —iM (f,(r, 2) + f,,(r, 2)) = 0,
b, (f,(r,2)+ f,(r,2)) —20,D(r, z) + 2i(c — EZ)C(r, 2) —i(f,, ,, — f,4(r,2)) =0.
The remaining (non-modified) equations are
4) a,f,(r,z)+i(-(e—Ez)-i0,) f,,(r,z) —iMf,(r,z) = 0,
7) b, f(r, 2) +i(—(e —Ez) +i0,) f,5(r, ) —iMf ,(r, ) = 0,
10) -a,f,,(r,z)+i(-(e—Ez)+i0,) f,(r,z) —iMf,,(r,z) =0,
13) —b, f,,(r,2) +i(—(¢ —Ez)—i0,) f,,(r,z) —iMf,,(r,z) = 0.
Recall dependence of 16 variables on the basic functions F(r):

Y, f,, f,; AC= F(r), ¥,, f,, f,, B D= F/(r),

(19)
\P3’ f12’ fZl’ fl4’ f41’ f23’ f32’ f34’ f43 = F3 (3)

Thus, we arrive at the system
2)+12)
a,(D(r,z)+C(r,z))—iMf,(r,z) —i((e —Ez) +i0,) f,,(r, z) —a,(D(r,z) - C(r, z)) —
—iMf,, (r,z)—i((e —Ez)—-i0,) f,,(r,z) =0,
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2)-12)
a,(D(r,z)+C(r,z)) —iMf,(r,z) —i((c —Ez) +i0,) f,,(r,2) +
+a,(D(r,z)-C(r,z)) +iMf,,(r,z) +i((¢e — Ez)-i0,) f ,(r,2) =0,
3)+9)
a1f43(r1 Z) _i((f_ EZ) +i82) f33(l’, Z) —alel(r, Z) _i((f_ EZ) —i@z) 1:11("1 Z) -
—IM (A(r,z)+B(r,z2)) —iM (A(r,z) - B(r, z)) =0,
3)-9)
a1f43(rv Z) _i((f_ EZ) +iaz) f33(l’, Z) +a1f21(r’ Z) +i((€_ EZ) _iaz) fll(r’ Z) -
—M(A(r,z)+B(r,z))+IM (A(r,z) - B(r,z)) =0.
5)+15)
b, 12 (A(r, 2) —B(r, 2)) —iMf,, (r, 2) —i((e — Ez) —i0,) f,,,(r, 2) —
b, 1, (A(r,z)+B(r, z)) —iMf ,(r, ) —i((e —Ez) +10,) 5 (r, ) = 0,
5)-15)
b (A(r,z)—B(r,z))—iMf,,(r,z) —i((e —Ez) —i0,) f,,(r, z) +
+b, (A(r, z) + B(r, 2)) +iMf 5 (r, z) +i((e —Ez) +10,) f 5(r,z) = O,
8) +14)
b, f,,(r,z) —i((e —Ez)-i0,) f,,(r,2) b, f, —i((e —Ez) +i0,) f ,(r,2) -
—IM(D(r,z)—-C(r,2)) —iM(D(r,z)+C(r,z)) =0,
8)-14)
b, f,, (r,z)—i((¢ —Ez)—i0,) f,,(r,z) +b, f,(r, z) +i((e —Ez) +i0,) f,,(r,z) —
—iM(D(r,z)-C(r,2))+iM(D(r,z) +C(r,z)) =0,
4) a,f,(r,z)—i((e—Ez)+i0,) f,,(r,z) —iMf,(r,z) =0,
7) b, T, (r,z)—i((e —Ez) —i0,) f,5(r, z) —iMf ,(r,z) =0,
10 —a, f,(r,z)—i((e —Ez)—i0,) f,,(r,z) —iMf,,(r,z) = 0,
13) —b f,(r,2)—i((e —Ez) +i0,) f,,(r, z) —iMf, (r,z) = 0.
a (f,(r,z2)—f,(r,2))—2i(e —Ez)A(r,z) —20,B(r, z) —iM (f,,(r, z) + f,,(r, 2)) = 0.
a (f,(r,2)+ fu(r,2)) +20,A(r, z) + 2i(e —Ez) A(r, ) —iM (f,(r, 2) — f,,(r, 2)) =0,
b, (f,,(r,z)— f,(r,2))—2i(c —Ez)D(r, z) —20,C(r, z) —iM (f,(r, 2) + f,,(r, 2)) =0,
b,(fy,(r,z)+ f,(r,z))—20,D(r, z) + 2i(e — Ez)C(r, z) —i(f,,(r,z) - f,,(r,2)) = 0.
Remembering on definitions
Quap =8y, Quap =8, by, =b, by, =by;
we get
2)+12)
a“m+1/2D(r’ Z) + am+112C(r! Z) _iMflz(r1 Z) _i((f_ EZ) + Iaz) f32(r1 Z) _am+112D(r! Z) +am+1/2C(r1 Z) -
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—iMf,, (r, ) —i((c — Ez)—id,) T, (r,z) =0,
2)-12)

82D(1,2) +8,,4,C(1, 2) —IME, (1, 2) ~i((c ~ E2) +10,) (1, 2) +
+8,1,D(1,2) ~8,,,C (1, 2) +IME, (1, 2) +i((e ~E2) ~i8,) £,,(r,2) = O,

3)+9)
A, 45 Fa(r,2)—i((e —E2) +10,) f,5(r,2) —a,, 4, T, (r, 2) —
—i((e —Ez)—10,) f,,(r, ) —2IMA(r, z) = 0,
3)-9)
a4, fa(r,2)—i((e —Ez) +10,) T, (r, z) +a, ,,, f,,(r, 2) +
+i((e —Ez)—-10,) f,,(r, ) —2iMB(r, z) = 0.
5)+15)

bm—1/2A(ra Z) - bm—ﬂZB(r’ Z) - iMle(r’ Z) - i((f - EZ) - iaz) f41(r, Z) -
b, ,,A(r,z)-b, ,,,B(r,z) —iMf ,(r,z) —i((e —Ez) +10,) f 5(r, z) = 0,
5)-15)
b, 1, A(r,2)—-Db,, ,,,B(r,z)—iMf, (r,z) —i((e —Ez)—-i0,) f,,(r,z) +
+b,, ,,A(r,z)+b, ,,B(r,z) +IMf,(r,z) +i((e —Ez) +i0,) f,;(r,z) =0,
8)+14)
bry fau (1, 2) —i((6 — E2) —10,) £,,(r, 2) = by, f1, —1((e — E2) +10,) f,,(r, 2) - 2iIMD(r, 2) = 0,
8)-14)
By.yo fay —1((e —Ez)—-i0,) f,, +b,,.,, T, +i((e —Ez) +i0,) f,, + 2IMC(r,z) = O,
4)  a,,,f.r2)—i((e—Ez)+id,) f,(r,z) —iMf,(r,z) =0,
7) bm—1/2 f33(l’, Z) _i((f_ EZ) _iaz) f43(r’ Z) - il\/lf23(l’, Z) = 0’
10 _am+112 f22(r1 Z) _i((f_ EZ) - iaz) le(r’ Z) - iMfsz(r' Z) = 01
13) b, 4, f.(r,2)—i((e —Ez) +i0,) f,,(r, ) —iMf,,(r,z) = 0,
A2 (T (1, 2) = 5(r, 2)) = 2i(e — E2) A(r, 2) —20,B(r, 2) —IM (f,,(r, 2) + f55(r, 2)) = O,
Ay, 1o (F(r,2)+ f,5(r,2)) +20,A(r, z) + 2i(e —EzZ) A(r, z) —IM (f,(r, 2) — f,,(r, 2)) =0,
bm+l/2( f32(l’, Z) - f14(r! Z)) _Zi(f_ EZ) D(I’, Z) —282(:([’, Z) —iM ( fzz(ru Z) + f44(r’ Z)) =0,
Byy.00 (f3, (1, 2) + £1,(r, 2)) =20,D(r, 2) + 2i(e — EZ)C(r, 2) —i(f,,(r, 2) — f,,(r, 2)) =0,
Taking in mind dependence of 16 variables on the three basic functions: F (r):

f e AC = 1 (DR, (R, AR, C(2)R(r);
f. 1 B.D = 1,(9)F,(N), TL,(2)F,(r), B(2)F,(r), D(@)F,(r);
f12’ f21’ f14' f4l = flz(z) F3(r)! fZl(Z)F3(r)’ fl4(Z)F3(r)1 f41(Z)F3(r)
fogr Ty o T = T5(D)R(r), T3, (D)R(r),  fh(2)F(r),  fu(2)Fs(r),
we transform the above equations to the form

(20)

23
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2)+12)
a,..,,D(@)F,(r)+a,.,,C(2)F.(r)—iMf,(2) R (r) —i((¢e —Ez) +i0,) f,, (2) R, (r) -
-a,,.,,D(2)F,(r)+a,,,,C(2)F (r) —iMf,, (2) K, (r) —i((e —Ez) —i0,) f,,(2) F;(r) =0,
2)-12)
a,..,D(2)F,(r)+a,,,,C(2)F(r)—iMf, (2)F,(r)—i((c —Ez) +i0,) f,, (2) K, (r) +
+a,,1,D(2)F,(r) - 2,,,,C(2) R (r) +iMfy, (), (r) +i((e - E2) -i0,) T, (2) R, (r) =0,
3)+9)
a2 T (DF(r) —i((6 —E2) +10,) T35 () Fi(r) — a4, T, (2) Fy(r) —
—i((e—Ez)-i0,) f,,(2)F,(r)-2iIMA(z)F,(r) =0,
3)-9)
a, 1, Fe (2R () —i((e —Ez)+i0,) T, (2)F(r) +a,, 4, f,, (2) K (r) +
+i((e —Ez)-i0,) f;(2)F(r)-2iMB(z)F,(r) =0,
5)+15)
b, .,,A(Z)F(r)-b, ,,B(2)F,(r)—iMf, (2)F,(r) —i((e —Ez) —i0,) f,,(2) F,(r) —
b, .,AZ)F (r)-b, ,,,B(2)F,(r) —iMf,,(2) K, (r) —i((e —Ez) +i0,) f 5 (2) F;(r) = 0,
5)-15)
b, 1, A(Z)F (r)—=b, ,,B(2)F,(r)—iMf,, (2) F,(r) —i((e —Ez) —i0,) f,,(2) Ky (r) +
+b,, 1, A(Z)F (r)+b,, ,,,B(2)F,(r) +IMf ()R, (r) +i((e —Ez) +i0,) f 5 (2) F,(r) =0,
8) +14)
By.v2 o (2)F(r) —i((e — E2) —i0,) T, (2) F, (1) —DB,,.00, 1, (2) R () —
—i((e—Ez)+10,) f,,(2)F,(r)—2iIMD(z)F,(r) =0,
8)-14)
B,.y0 F2 (2)F(r) —i((e —Ez)—i0,) f,, (2)F,(r) +b,.., f, (2) R (r) +
+i((e —Ez)+i0,) f,,(2)F,(r) + 2IMC(z2)F,(r) =0,
4) a1, fu (DF,(r)—i((e —Ez) +i0,) f,, ()R, (r) —iMf, ()R, (r) =0,
7) B, 1, Fa (D) F(r) —i((e —Ez) —i0,) f 5 (2) Ry (r) —iMf , (2) K (r) =0,
10 —a,.1, 1 (2)F,(r)—i((e —Ez) —i0,) f,,(2) F;(r) —iMf,, (2) K, (r) =0,
13) —b,, 1, 1 (2)F(r)—i((e —Ez)+10,) f,,(2) R, (r) —iMf () F,(r) =0,
A, 1, (1 (2)— T5(2))F(r) - 2i(e —Ez) A(2) R (r) — 20,B(2) F,(r) —iM (f,,(2) + 55 (2)) R (r) = 0.

a1, (£4,(2) + 1,5 (2)) R (r) + 20, A(2) K (r) + 2i(e — EZ) A(2) Ry (r) —IM (f,,(2) — f5(2)) R (r) =0,
bm+1/2 ( f32 (Z) - f14(z)) Fs(r) - Zi(f - EZ)D(Z) Fz(r) - 2azC(Z) Fl(r) —iM ( f22(2) + f44(2)) Fz(r) = 0,

bm+1]2( f32 (Z) + f14(z)) Fe(r) - 281 D(Z) Fz (I’) +2i (5 - EZ)C(Z) Fl(r) - i( f22 (Z) - f44(z)) Fz (r) =0.

It is convenient to collect equations into the three group (following the type of the basic
function, below we should set B(z) =0,C(z)=0):
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I
f43(z)am—1/2 Fs(r) _i((f - EZ) + iaz) f33(Z) Fl(r) - le(z)am_uz Fs(r) -
—i((e—Ez)—-1i0,) f,,(2)F(r) - 2IMA(z) K (r) = 0,
fia(2)a, 1,5 (r) —i((e — Ez) +10,) f55(2) Ry (r) + f,1(2)a, 4, R () +
+i((e —Ez)—10,) f,,(2) R (r) —2iMB(z)F,(r) = 0.
(fu(2) - f5(2)a,_y, K (1) - 2i(e —EZ) A(z) R (r) - 20,B(2) F,(r) -
—IM(f,;(2) + f5(2))R(r) = 0.
(fu(2) + f5(2))a, 1, F5(r) + 20, A(2) R (r) + 2i(c — EZ) A(2) R (1) —
—IM(f,;(2) - f5(2))R(r) =0,

f,(2)b,.,F (1) —i((e —Ez)—i0,) f,,(2)F,(r) - f,(2)b,..,,F(r) -
—i((e —Ez)+10,) f,,(z)F,(r)—2iMD(z)F,(r) = 0,

f34 (DBy,0.F: (1) —i((e —E2) —i9,) £, (D) R, (1) + ., (2)by,, 1, R (1) +
+i((e —Ez) +10,) f,,(z)F,(r)+ 2iIMC(z)F,(r) = 0,

(f2(2) = T (D)0, R () = 2i(e — EZ) D(2) F, (r) - 20,C(2) R (r) -

=M (f,,(2) + f,,(2))F,(r) =0,
(f(2) + £, (D)0, F5(r) —20,D(2) F, (r) + 2i(e — Ez)C(2) Ry (r) —
—i(f,,(2) - T, (2))F,(r) =0,

Il
D(2)a,.,,,F, (1) +C(2)a,,..,,F (r) —iMf, (2) K (r) —i((e —Ez) +i0,) {5, (2) K, (r) —

~D(2)a,.4,F (1) +C(2)a,.,,F (r) —iMfy, (2)Fy () —i((e - E2) -i9,) ,,(2) R, (r) = 0,

D(2)a,.,,F, (r)+C(2)a,,,,,F (r) —iMf, (2)F(r) —i((e —Ez) +10,) f,, (2) K, (r) +

+D(2)a,.1,,F (1) =C(2)a,..,, R (1) + 1My, (2) Fy(r) +i((e —E2) -10,) T, (2) R, (r) = 0,

A2)by, 11, (1) = B(2)B,, 41, F (1) —iMF, (2) Fy(r) —i((¢ —E2) -i0,) T, (2) Fy(r) -

—A(2)b,, 1, F (1) = B(2)0,, 1, F, (1) —iMf, (2) F, (r) —i((e —E2) +10,) f5(2) R, (r) = 0,

A(2)by, 11, (1) = B(2)B,, 41, F (1) —iMF, (2) Ry (r) —i((¢ —E2) —i0,) T, () Fy(r) +

+A(2)by, 1, (1) + B(2)b,, 1), (1) + 1M (2) Ry (r) +1((e — E2) +10,) T5(2) F;(r) = 0,

f1a(2)a,,0,F () —1((e — Ez) +10,) f5,(2) K, (r) —iMf, (2) F(r) = O,
f2(2)D,, 1, R (1) —1((e — E2) —10,) f 5 (2) R, (r) —IMf 5 (2) F5(r) = 0,
— 5 (2)a,.1,F (r) —i((e — Ez) —i0,) f,, (2) R (r) —iMf,, (2) K, (r) = 0,
— ()0, 1. R () —i((e —E2) +i0,) f,(2) Ry (r) —iMf,, (2) R, (r) = 0.

In accordance with the general method by Fedorov — Gronskiy, we should impose
the relevant differential constraints which permit us to transform all equations to algebraic form

B(z)=0, C(z)=0,
a, 1,F(r) =CF(r), b,,F(r)=C,F(r),
b, 4, (r) =CR(r), a,,.,F(r)=C,F(r);

in this way we obtain

(21)
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fi3(2)C R (r) —i((e —Ez) +10,) T3 (2) R (r) — f,,(2)C, R (r) -
—i((e—Ez)—-1i0,) f,,(2)F(r) - 2IMA(z) K (r) = 0,
fi3(2)C R (r) —i((e —Ez) +i0,) T, (2) R (r) + f,,(2)C /R (r) +
+i((e —Ez)—i0,) f,,(z)F(r) =0,
(f(2) — F5(2))C,R(r) - 2i(e —E2) A(Z) K (r) —IM (f,,(2) + f5,(2)) R (r) = O,
( f41(Z) + f23(z))C1F1(r) + 282 A(Z) Fl(r) + 2i(5 - EZ)A(Z) Fl(r) —iM ( fll(z) - f33(2)) Fl(r) =0,

]
f34(Z)C2 Fz(r) _i((f - EZ) - iaz) f44(Z) Fz(r) - flz(Z)Cz Fz(r) -

—i((e —Ez)+10,) f,,(z)F,(r)—2iMD(z)F,(r) = 0,
f2(2)C,F,(r) —i((e —Ez)—10,) f,,(2) F,(r) + f,,(2)C,F,(r) +
+i((e —Ez) +10,) f,,(2)F,(r) =0,
(fsz (Z) - f14(z))C2 Fz(r) - 2i(5 - EZ) D(Z) Fz(r) —iM (fzz (Z) + f44 (Z)) Fz(r) =0,
(f52(2) + 1,,(2))C,F,(r) —20,D(2)F, (r) —i(f,,(2) — f,,(2))F,(r) =0,

I
D(2)C,F;(r) —iMf, (2)F;(r) —i((e —E2) +i0,) 5, () Ry (r) -

—D(2)C,F;(r) —iMf,, (2) R, (r) —i((e — Ez) —i0,) f,(2) Ry (r) = 0,
D(2)C,F,(r) —iMfy, (2)F,(r) —i((e — Ez) +i0,) {5, (2) Ky (r) +
+D(z)C,F,(r) +iMf,, (2) R (r) +i((e —Ez) —i0,) f,,(2) K, (r) =0,
A(Z)C;R,(r) —iMf, (2) Ry (r) —i((e —Ez) -i0,) (1) K(r) -
—A(Z)C; R, () —iMf, (2) R () —i((e - E2) +10,) f,5(2) K(r) = O,
A(Z)C;R,(r) —iMf, (2) R, (r) —i((e —Ez) -i0,) (1) K (r) +
+A(z)C,R (r) +iMf ,(2) R, (r) +i((e —Ez) +10,) f,,(2) K, (r) =0,
fu(DC, R (r) —i((e —E2) +10,) £, () R, (r) —IMf,, (2) F,(r) = 0,
f22(2)C;F,(r) —i((e —E2) -i0,) f,s (D) R, (r) —IMf,(2) K, (r) =0,
—f,(2)C,F(r) —i((e —Ez) -i0,) f,,(2) F;(r) —IMf,, (2) K, (r) = 0,
- 11(Z)C3F3(r) _i((f_ EZ) + iaz) le(z) Fs(r) _iMf41(Z) Fs(r) =0.

Reducing the total multipliers, we derive the system of differentuial equations

in the variable z:

!
C,f,—i((e—E2)+i0,) f,, —C, f,,—i((e —Ez)—id,) f, —2IMA =0,

C,f,y—i((e—Ez)+id,) f,, +C,f,, +i((e —Ez)—id,) f,, =0,
C,(f,, - f,,)—2i(e —Ez)A—iM(f, + f,,) =0,
C,(fyy+ fpp)+20,A+2i(c — E2) A—IM (f,, — f,,) =0,

C,f,, —i((e—Ez)-io,)f,,—C,f,—i((c-Ez)+i0,) f,, —2IMD =0,
C,f, —i((e-—Ez)-io,)f,, +C,f, +i((c-Ez)+i0,)f,, =0,
C,(f,—f,)—2i(e—Ez)D—-iM(f,, + f,)=0,
C,(f,+f,)-20,D-iM(f,-1,)=0,
Il
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C,D—iMf, —i((e—Ez)+i0,) f,, -C,D—iMf,, —i((e —Ez)—i0,) f, =0,
C,D—iMf, —i((e —Ez)+i0,) f,, +IMf,, +i((¢ —Ez)—i0,) f,, =0,
C,A—iMf,, —i((e—Ez)—-io,) f,, —C,A—iMf, —i((e —Ez) +i0,) f,; =0,
C,A—iMf,, —i((e —Ez)-i0,) f,, + C,A+iMf, +i((e —Ez) +i0,) f,; =0,
C,f, —i((e—Ez)+i0,) f,, —iMf, =0,
C,f,—i((e—Ez)-i0,) f,, —IMf,, =0,
—C,f, —i((e—Ez)-i0,) f, —iMf,, =0,
—C, f,, —i((e —Ez)+i0,) f,, —iMf,, = 0.
2. Differential constraints
Let us study the above differential relations

a'm—1/2|:3 = ClFl’ bm—:lJZ Fl = C3F3’ let CS = Cl'

(22)
bm+l/2F3 = C2F2’ am+1/2|:2 = C4F3' Iet C4 = C2'
We readily derive the 2nd order equations
(am—llzbm—llz _Clz)Fl =0, (bm—1/2am—l/2 _Clz)F3 =0, (23)
(bm+112am+l/2 _CZZ)FZ =0, (am+112bm+l/2 _CZZ)FS =0.
Taking in mind the definitions

d m+1/2 _ d m-1/2 _

E*‘ r = Ymrv2y E r = 429
d m+1/2 _ d m-1/2 _

E_ r ~ Mm+1/20 E_ r - bm—1/2’

we arrive at four differential equations for 3 functions:
4 (4m-2)m+3) 4t (1-4m?) _
(dl’2 - Ar2 _Clz)Fl =0, (dr2 + Ar2 _Clz)FS =0,
4  (4m(m+2)+3) o dr (1-4m?) .
due to 2nd and 4th equations we have evident constraint C? = C? = C?, so obtain
d> (m-1)*-1/4 _
S
d> (m+1)?>*-1/4 B
e -C*)F, =0, (24)
d> m*-1/4

(W_T_CZ)FB =0.

From the last equation, from the needed asymptotic at infinity r — +oo we conclude that
parameter C should be imaginary C =iX, so we obtain

+Cr iXr L—iXr
e ~e™ e,

Let us consider in detail the third equation. In the variable x =Cr =iXr, it reads
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d? m?-1/4
(dXZ - X2 _1) I:3 = 0

Its solutions are searched in the form F, = x"e® f,(x); after simple calculation we derive
an equation for function f,(x):

d? 2A d
— f,+[—+2B]— f
dx? 3+[x " ]dx !

Imposing the the evident constraints, we get

2
A(A—l)—gm ~1/4) (B 1)+ 2AB]f3 ‘o
X

AA-1) —(m?-1/4)=0 = A=i|m|+%,
B=+1, F,=x"¥f,(x)=(Xr)"™"?e"™ f,(x);
so we arrive at the simpler equation for f,(x):

d? d
XW f3 +(2A+ ZBX)& f3 + ZIA\Bf3 =0.
In the variable 2Bx =-y, it reads

d? d
2Bx = -y, yd—y2f3+(2A—y)d—yf3—Af3=0,

which is identified with the confluent hypergeometric equation
L+ e-n) L -a)F@cy) =0
dy? dy ” ’
its solutions may be related with Bessel functions. For definiteness, we set
B=-1, y=2iXr, F(ac;2iXr), a=A==%|m| +%, c=2A=2(%] m|+%); (25)

depending on the sign of the quantum number m, we have two different possibilities.
Two other cases differ only in formal changes

1 1 1
m-= = (m-1°-=, (m+1)*-=. 26
2 ( ) 2 ( ) 2 (26)

3. System of equations in z -variable
From studying the differential constraints, follow identities

C,=C,=C,=C,=C;
then we have the system

!
of , —i((c — E2) +i0,) f, —Cf,, —i((e — Ez)—id,) f,, —2IMA =0,

cf,; —i((e —Ez)+i0,) f,; +cf,, +i((e —Ez)—i0,) f,, =0,
c(f,, — fu)—2i(e—Ez)A—iM(f, + f,;,) =0,
c(f, + fu)+20,A+2i(e —Ez)A—iIM (f, - f,;) =0,
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I
of,, —i((c — Ez)—id,) f,, —cf,, —i((c — Ez) +id,)f,, — 2iMD = 0,
of,, —i((e —Ez)—id,) f,, +cf, +i((c —Ez)+id,)f,, =0,
c(f,, — f.,)—2i(e—Ez)D—iM(f,, + f,,) =0,
c(fy, + f,)—20,D—iM(f,, — f,,) =0,
i
cD —iMf,, —i((e — Ez) +i0,) f,, —cD —iMf,, —i((c — Ez)—id,) f,, =0,
cD —iMf,, —i((e — Ez) +i0,) f,, +iMf,, +i((c — Ez)—id,) f,, =0,
CA—iMf,, —i((e — Ez)—i0,) f,, —CA—iMf,, —i((c — Ez) +id,) f,, =0,
CA—iMf,, —i((c — Ez)—id,) f, + CA+iMf,, +i((c — Ez) +id,) f,, = 0,
cf, —i((e —Ez) +i0,) f,, —iMf,, =0,
cf,, —i((c — Ez)—i0,) f,, —iMf,, =0,
—cf,, —i((e —Ez)—id,) f,, —iMf,, =0,
—cf,, —i((e — Ez) +i0,) f,, —iMf,, = 0.

Solving the first 8 equations with respect to the variables

f,, f o fon  fu, fi, o, fle, We obtain

_ —iMD +if,,(Ez—¢) + f,' _i(-MA+ f, (Ez—¢) +if,,)

f12 - J le - J
c c

_ i(IA"+2A(Ez—€) - Mfy,) - D'-iD(Ez —¢) +iMf,,

23 ! 32 '
. ¢ _ ¢ 27)

_ D'+iD(Ez—¢)—iMf,, _—A'+iMf;

f14 - ! f41 |
c c
f/+i(MD+ f,, (e —Ez)) i(MA+ f (e —Ez) +ify)

f34 = c 1 f43 = c .

Substituting them into remaining 8 equations, we derive

_2IED _
—=0,
D(c® +2(e —E2)’ —~2M?)+2D" _
. :
2\ 2
2A(E(Ez |C) 2E26+5):0’
2( A" —iA(Ez—¢) + A(c? + E(Ez2 —i) - 2Eze —~M? + ¢2
( iA'(Ez—e)+ (c +C( z |) ze +e )):O,
f44"+f44(02+E(Ezz—i)—2EZe—M2+52):O’
c
MA(EZ —¢) + fyy (* + E(E2” +1)~ 226 =M +.67 )+ ] o

c
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o+ £, (C° +E(E2* +i) —2E2e —M* +¢°)

- =0,
c
MA(e — E2)+ f,, (¢* + E (E2* —i) - 2Eze ~M?+* )+ £, .
c
whence it follows
D=0,

2A(E(EZ” -i)-2E2c+¢°)=0 = A=0,
2(A”—iA’(Ez—e)+A(c2+E(E22—i)—2E25—M2+62)):O —0=0,
f, + f44(C2+E(E22—i)—2E26—M2+62):0,
f33<C2+E(E22+i)—2E26—M2+62)+ f, =0,
f, +f, (c2+E(E22+i)—2EZe—M2+52):O,
fy(c* +E(E2° i) —2E2¢ —M? +&% )+ £,/ = 0.
Thus, we arrive at equations

D(z)=0, A(z)=0,

2
% fyy+ £, (E°2° —iE —2Eze +€° ~M?+¢?) =0,

2
% f,, + fZZ(E222+iE—2EZe+52—M2+c2)=o,
z
— o+ Ty (E?Z° +IE—2Eze +€* —~M? +¢?) =0,
d 2 33 33
z
d2
7 Tt f,(E*2* —iE—2Eze +¢* =M? +¢%) =0,
z
physical dimensions of involved parameters are

[2]=L, [c]=[E]=%, [Ez]=[e]=[M]=%.

The last four equations may be re-written differently

2

prel f,+((c-Ez)’-iE-M?+c®)f, =0,

2
% f,+((e-Ez)’-iE-M?+c*)f, =0,
z
precy f,, +((e—Ez)’ +iE-M?+c?)f,, =0,
z
2
o fo +((e—Ez)’ +iIE-M?+c?) f, =0,
z
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they may be solved in confluent hypergeometric functions So we have constructed four linearly
independent solutions of the Dirac — Kéhler particle. For each solution the corresponding
remaining variables are

f Hi(e—ED)fy

f.(2), f,(2)=0, f, = c , fx(2)=0, f,=0,
f.(2)=0, f41:+”\:f111 fu(2)=0, f,;=0,
f,,(2), f(z)=0, f,, =0, f,;4 ) =01,
f@=", f,=0, @)= g =g
f,,—i— EZ
e I O e e A N S SRR
f.(2)=0, f,=0 f,(2)=0, f;=0,
f5(2), f(z)=0, f,, =0, f,;4)=0,f,,
fo —i(e —Ez) f5

f,(z)=0, f,=0, f,(2)=0, f,=-

c

Conclusions

The system of equations describing the Dirac — Kéhler particle in presence of the external
electric field has been studied. After separating the variables in cylindrical coordinates,
we derive the system of sixteen first order equations in partial derivative with respect
to coordinates (r,z). To resolve this system, we apply the method by Fedorov — Gronskiy and

decompose the complete wave function into the sue of three projective constituents.
Accordingly, dependence of 16 variables on the polar coordinate is determined only through
three basic functions F (r), at this there arise differential constrains which permit to derive the

system of 16 differential equations in the coordinate z. The last is solved exactly, as the result
we have constructed four linearly independent solutions for the Dirac — Kéhler particle
in presence of the external uniform electric field.
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