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The aim of this article is the construction of the formalism for 
the relativistic description of two particles with spin 1/2 . We use 
the two-particle three-dimensional equation, obtained by quasipoten
tial approach . Quasipotential equation in the relativistic configura
tional space with OBEP potential is reduced to the system of partial 
equations which is the analog of nonrelativistic Hamada-Jonston sys
tem . WKB approach is used to calculate mass spectra and leptonic 
width of mesons in quark model. 
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Theoretical Physics, JlNR. 
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I. Introduction 

The present paper may be treated as a . sequel to papers/1-3/ 
on the three-dimensional relativistic description of two-par
ticle system with spin 1/2 in the quantum field theory. Princi
pal formulae, allowing the practical application of our mathema
tical technique are obtained herein. It will be applicable to 
such attractive problems as the calculation of levels and width 
of systems like positronium, muon and baryon as well as bound 
states in a quark - antiquark system, that is old .f , W , cp 
and new !1/~ 1 )"" -mesons. lAtely a nonrelativistic quark model 
based on the Schrodinger equation is widly used for the mass 
spectrum description of hard vector mesons of the~/'~ -particle 
type. Por this purpose a confining potential is chosen and added 
by the Breit-Permi potential accounting for spin effects. 

V ( r) = V ( r) +- V ( r). (1.1 > 
ctJnf Spc·n ll 

The Brei t-Permi potential is known to represent 'II" Yc Jl 

expansion of Peynman matrix element of one-boson (OBEP) or one
gluon exchange. However, such a quasirelativistic approach app
lied to ordinary light vector ..f V , 'f mesons is not self
consistent. It was shown in paperf4/ that in this case the cont
ribution of relativistic corrections appears to be of the same 
order as the contribution of the nonrelativistic Hamiltonian, 
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which was initially taken as the principal one. Therefore an 
essentially relativistic approach is needed here. 

In the present paper for the mass spectrum description of 
a system consisting . of two fermions (for example, quark and an
tiquark), we use the equation of quasipotential approach /5/. 
As tn previous papers we use the relativistic three-dimensional 
two-particle quasipotential equation, obtained by Kadyshevsky, 
on the basis of the covariant Hamiltonian formulation of field 
theory and later in papers 161 on the basis of the covariant 
technique of equating times in the two-particle wave function of 
Bethe-Salpi ter equation. In the case. of equal masses mJ. = m~ am 
this equation, written in the centre-of-mass-system ( j5';. "'-p; -=p) 
has the form 

V/ -:JfJJZ[ ri>lG"~' (1 2) 

(2£"-.2~) {q CPJ=(.a;Jjz V<P.K;EJlf(if)." 
tG.tG.:z K 'I G:"" r. etc; G' 

G'.LG.2 .L~~ I J. ~ 

Now consider in more detail the part of quasipotential (1.1), 
containing spin effects. In the case of vector-boson exchange 
the quasipotential in r.h.s. of equation (1.1) represents the 
Feynman matrix element / 1 / , 

1 
- "J. -(;.J. .... _(;z G"3 ,.... 

<p·G ·-f,Cl.zjTl2Jfi(Ci ·-ll ii)= "- 2 u (fj~U o~jU(-PJ'teU {-~ej_ 
I "/.) V I 'J I I '.1 tr'( / M L ( - -) 2. ./ - t>- I< 

i<. 1r- (2) G" 

= \ ~ f Tv (?c-Jp· p) ~ .tp G".1p 
L G",L G'2 ' 

G:4.p~p p p 

( 1.3) 

) 

.JW is the mass of a boson, t C: are two-component spinors. 
Applying to (1.3) the suggested transformation 111 from the 

four-dimensional representation to the three-dimension one 1 ) 

and separating the Wigner matrix of spin rotation, we obtain: 

1 J This transformation (1) plays the same role as the 
Foldy-Wenthuysen one /8/, allowing one to pass to the three
dimensional description of the spin. However, in contrast to (8) 
the discussed in (1) transformation does not deal with the 
expansion of interaction terms in powers of V~/ cz.. 
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"' 

IV ( 1<(-)p ·p):::- V l,/1'/+f.t(G'J.~)(G'2~)-(~G;.2) :>€. .7-t 
~ (z).... .... ._ ~.i! - -.- -- -- ~ 

I ./" ~ ~ iil/J 

( 1.4) 

+ tf/?, ~o c"(~ +~)[j)K~)+ :,2 ( p/Je0~+~?o ll'0 
(jl,k)-m <-J -r 

t-:2 ( C::pX~3CJ(G;pJ(c;;; x) J . 
Here the quantity ~ means a half-transfer of momentum, that 
can be expressed through the momentum transfer in the Lobachev
sky space introduced into /7/: - ---.-

.....,.. - - -.L - - p ( J( p ) .t1 = K (-) p =AI' 11 = k - m Ko - Po -+Yh 

by the formula a; = tlrl11/.:l (A a.,. m i"' 11 I. 

( 1. 5) 

Expression (1.4) has a form of the geometrical generalization 
of the Breit-Fermi potential taken in the momentum representation. 

It is convenient to solve equat'ion (1.3) by transformation 
to the relativistic configurational representation (RCR), intro
duced initially in 111. To obtain this, instead of the Fourier
transformation there is used an expansion over the complete 
and orthogonal system of functions in the Lobachevsky space/91. 

~ ( p / n, r) = ( Po:.n_P i? j - J. - ,· r m. 

( 1.6) 

Po= ,/n1~p:1' --< 
' n = 1. 

For these functions in papers / 6 •121 we found an expansion 
over spherical harmon~s: _.!.J!.. 
~ ~ r rr,·.r:. +t+tJ nA (.,..,~ 
5CPi~rJ=r~~ L.J~f+.J.) 7 .~ _r(elt?t) Fe ~"' = 

t=o [(t ~ +.L} -}~i.e (1.7) 
)I 

c:>Q e (P'-) =L(~l+J) L. rfJe {ckx,r) Pe p 1-Z 

f=O 
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as well as the condition of completeness and orthogonality for 
radial parts 

Ooc::l 

.:JSkx 17C' fr-2Jr- rPe ( c/,1t, r-) p(clt?r:; t-) = S'( X'-"k1 
q~ 0 (1.8) 

:u-r' 
.J/~3 

..0 ~ 

j .s/, ~x: ix ~ {c/..x, r-) 'fJe(cJx1 r'} = d( r- r-'); 
0 

In 12 ,31 there was disoussed a problem on the form of the 
second and third terms (1.4) in the relativistic configurational 
representation. There are transforms of all the five spin struc
tures present in (1.4) in this paper. 

Equation (1.2) transformed into RCR is a finite-difference 
one and may be reduced to the system of partial equations, being 
a relativistic analog of the nonrelativistic Hamada-Jonston 
system / 11 1. 

To solve partial finite-difference equations we use the 
suggested analog 1121 of WKB method for RCR. 

Calculation of the electromagnetic decay width of mesons 
is another important problem. To determine lepton width of vec
tor mesons we use the V.Royen-Weisscopff formula (with account 
of colour). 2. 

2 -2 I rv = 1 6 11 o1. A. eo 
2 !fn e co J I , 1. 9 > 

~e~- v 1 ' 

and for the two-photon decay of pseudoscalar mesons we use for
mula /14/ 

2 -2 " I 2 r; ... J-r=i271d. m e
7 
/~t(o). c1.10) 

In these formulae M v is the mass of a meson; m and ef are 
the mass and charge of quarks, and V{. ~ (o) is W F of system of a 
quark and anti~uark. Usually instead of this WF the nonrelati
vistic WF is used in the Coulomb field neglecting the rest of the 
spin part of the OBEP. The width of states with li: 0 in terms 
of the relativistic theory is known to turn into zero due to the 
behaviour of the WF at the origin of coordinates as 'f/'(11:{S"C e 
This behaviour is of a kinematical character and is connected 
with the behaviour of free solutions je ( IC r) ._ (l~r-) < for 
'l- 0 • In a relativistic equation there is used another 
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, 
complete system of functions (1.6) havipg an essentially different 

r#e 
behaviour as r-- 0 , so that ~ (o):i:O at e i: D • 

In section 2 a quasipotential equation will be transformed 
to the system of partial finite-difference equations, in the 
relativistic configurational representation; section J is devoted 
to the solution of unbounded equations of the system through the 
WKB method; section 4 gives formulae for the width of vector 
meson decays and pseudoscalar mesons, using the exact Coulomb 
solution of the quasi potential equation at r = 0 • 

2. System of Partial Two-Particle Equations in the 
Relativistic Configurational Representation 

For the quasipotential andWF the transformation into the 
relativistic configurational representation is performed by for-
mulae: 

V(r;n,-pj = (2m-
3]J.12.tl ~*c tt,·7 JVr~G P), 

':!' ( r-J =: (:u;-fj )..R ~rp; .;;;r-)Y! { p) 
~G.:l p G'~Gg 

(2.1 ) 

(2.2) 

In 115/ the physical meaning of the parameter r- present in 
the function is discussed in detail • 

Applying (2.1) to (1.4) we obtain: 

V { " n; p) = ~ ( ~ fo) + ~ ( r; ~ ,· f", P) (2.)) 

~(lj,Po) =-?/{{;p)·L}[V(r) + /6Ji' S(r~J.) S(ff)1 + 
.t'tiiC r- J (2.4) 

+[.If~"~,.;-¥ cr~!.t; sci?J}[r~~J-(SfJ!p~J 
Tr(r. ... , ~~- 2/i(.-.~14[ -- V') )j (2.5) v~ ) ,., "fo I p J-- :Jv l'SL.J 7 Poff{r-) +(p~-1'} r(,. -

- 4,'Po (;>-;;; /lcr) -iS;, ;t -(s(l 2-A] CfJ rr-j. 
The following notations are introduced here: 
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-S == ~+G; · L =[il)(r] ·S = 3(<i;~{G;i:)- Cc.t~) 
.., J I J ~~ • ( 2 • 6 ) 

/l(r) = i (rt/.. ro< Stncx~cosa)V, (r) rcr-o ..... ~< (2. 7) 

r 2 {!2,.,L!fl. z.J tltr« 
'f{ r) == M r= . )( ") '.!" +.Jyr 11 -:t£!; v'. _, + -( r-,;, i-11/-· 

(2.8) 

3 2(1.-./I!-2.1 3 
+ - J_j'A 4- ./ - ..2. cJ, rQI } T 7 ( r) 

L.- ~ V~ul< 
~ 

\{Uk(r) -the Yukawa potential transform: -o//(;u~~~zJ. 

¥.:": {r) = ! ~hra. ) ()( = cwccor r:~ (;1'1~<. ~) <2
•
9

) 
it.t~< f// r s rn "I • 

In formulae (2.3)-(.29) we assume the mass of interacting par
ticles m to be equal to 1. 

Formula (2.3) is spli_tted into two parts ~ ( r1 fo) 
independent of the single vector "relativistic coordinate" di
recti~ ff and ~(fjn1 " f'o1 jJ) containing the dependence 
on · J? through expressions of the type 

cpr i?) I c-?I{ "ii 1 I s~ 2 <2.10> 

The necessity of such a splitting becomes obvious in the course 
of the transformation of the complete equation (1.2) into RCR 
using formulae (2.1), (2.2). 

{:l E'.r -;;;) '1! ( rJ -=fJ.QP cl _nkj r; ~ (pj n: Ill.)" 
GiJ.G.z 

~*--.- ~ iJ'"C".t,G'z' -. 
x '? ( K; n.t., '2t) L.. v Ci;, P, E) Y: ( r .t) 

c:-~: G'./ C: 4. ·c-.~ G'£ 'G-l , (2.11) 

H :=cit (t·if) + t" ~ sh {tJ d) 1- l.le~ exp ft" ~f,_) 
dr r k (~~ I' . (2.12) 

8 

~ 

/.J.e¢>- angular part of the Laplas operator, ~ = 4 . Due 
to the character of the addition theorem of the relativistic 
plane waves 1161: 

~ (-;' ,· n, '"1) = ~ ( iC(-JP / fi/1 
1 

oz) f. (p·"h r) 
p '? I 1 (2.13) 

~""10 

nAp = [ m-;{- p ( L - P;::, ) j / ( fo - p n) 
(2. 14) 

"V;C~~-f'o1 p) enters into equation . (2.12) in a nonlocal way: 

.., ...:. \1 v.G"~' c-l 
(AE'I.-:u.{) ~ ~r) = ~. i. (fip) l:f! (F) -r 

J. .,2 ~ G".,t G' .J. G"-1 (;" I,_.. 1 ( 2 o 15 ) 
I uz 

I I r ~~ 
+jJ~ 2. J.12P ~ (p-,- i1, r)~ ff{p~- h;, ~JV(tr~,~/1 ;ji) ~~ (~) 

~'<> .. ~ G"'..t G"'..t P ' Gz 

since substituting it into the equation the dependence on vee-- -tor n.~_ turns to the dependence on vector ntAp• The vector - -rotation n i - n .t/1 r taken into account gi vee the following 
dependence of expressions (2.10) on the vector ~ and ;Do : 

( -- J 2 -~) p n~llr =m /(f'o-pH_t -po (2.16) 

L/?~-P] = m C pxnt.] / ( jJo -jJii;_) (2.17) 

1 - - -- r:7 T z T LC".t. 11i./l ){G'.( 11:~_ ) = L.t + ,i 
p ~p {2.18) 

"':7 T 2 (- _ - ..., -...--.. 2. 
~.l ::: m . G".L 11,t)(G'~ 11.t) /{ f>o -f'l't.t) 

77 T rn z { i. r; ..... .... / .... -pI "-?" -.'){c---. ..... )'1(1. 1~:. \... c~ = -,~ .."l --L(c-..t 11..t)LC:.,p;t-{G'.s.p G"'.Ln.tu - D+nri {f.,- ""s.) m , .. 

. --. .... J-1. -..... ... ... 11.t 2 
+2 (G'.I.f')(G;,_pJ{.L-~) 

m l'o+rH , , 
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However, with the help of the correlation: 

exp{t'_,L.d_Jfif(p- ·n?J::_!!!:_ i 1'>p~· n. r.) (2.19) 
n-t. clr.t. 7 J ~~ L D -piij_" lJ J ~I i. 

to T 
expraaaions (2.16), (2.17) and the first term Z.t. from (2.18) 
can be localazed. ~~r is a relativistic generalization of 
the expression (C!.s.;:; )( ~ ii J present in the operator of tensor 
forces. Confining ourselves to ~.J.r in accounting tensor 
forces we obtain the r.h.a. of equation (2.15) to be of a local 
form: 1 1 

.., \' 1-;.. G".l o' 2 

(:J£-:J.H') ~c-r; = L.. v cr f3J ':fl.. ,C1PJ c2.2o> 
J.~.:z , I I c;-.;L C' I 

G'.t G'J ct. GJ .t - -The rotation n - n, p in tensor forces taken into account 
gives an additional spin-spin interaction 

'P(r)[sCG:t ~,.PJ(~~/IpJ -(~~)]-
(2.21) 

-- lf(r-.1..t·~)~2 + /:!f(r-,ft"}.-'f(r-)}(CJL~), 

An angular and spin dependences of equation potential (2.20) are 
determined by five structures, having the same form as in the 
nonrelativistic theory: 

'2. 

V(r,~'-v. ... "\l:s .. v cZsJ.v(~~J·~c--Jl(..r2.)<2.22) 
I j - .S T I~ L S G I...S 

Functions V((?) (, · = ~~ · ~n., · Ls,· G,·{L-;)~) ... 
~ -on vector modulus r- and.. difference operators f' 

and Po = H in the following way ( k='.i): 

Vs == (lfo 2_i.J[1{uiC (r) + .l ~ .7T S { r~i) -

4t' Po [ {-':. ') ~Kf> {-t·.l~)- ~ J /l (r) 

'/ - (r-~')2 . ( . cl) Vr - -r=- exp- -.z' olr 

10 

depend 

(2.23) 

(2 .24) 

) 

j 

(2.25) \{5 :: lrP.,(r::)zll(r) 1-{[~~~j exp{-~~~)-Pa]r:-;2 cp (r) 

1f=i(r~l~):xp{-2td~J-1]'fJC,-J -fs~t{ukr-J-f frrr~ <2.26) 

v; == - 4 r- coc t-) ( 2. 27 ) 
('-sP {n-t)(r._z,.J r . 

We introduce a radial function R /, ( r-) 
. es es 

~ JPJ =:L Re~esfr-J{fl~fr;JI {_fl s(·ifJ; (2.28) 

', -~.~cs~ Je He~~ Jett 'J 2- JeH, Jc-
.~...c-2.. 

The substitution of (2.28) into equation (2.27) gives us 
a system of four partial equations. Two of the system of equa
tions. obeying the case of s = 0. e ':j and S'= .i. • e ~J· 
are uncoupled: 

[ 
,., S 1 S 1 

1.He-..)Er.e -r Y, Cr) ..Qe, (r)=o · f=J · · S~O .J.. (2.29) 
1 e, S I I I 

V r=-o 
2 

~~· (r) = - 'v ( Vs -.?VG') (2.30) 

s :.-.£ 

~ (") = 
e=J 

-:J._/ ( Vs. + 2 VT +-ltG- - ~ s + V ~.s J 2) (2.31) 

A ( 

Hamiltonian He is obtained from expression (2.12) for 
the H through the aubsti tution of the operator .6 61¢> for 
ita eigenvalue e(t'+L) • The other two WP describing states 
with a spin ~= i are defined by the system of two coupled 
equations 
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"-(~Er -:JH ,_ . ) R, _c.-J = V(.-J R (t-) +- Vc.-) ll, . (rJ 
e-J+i. e=J .. J. e'-· L e' . 7 e=J-J. 

-;J.. =J t-J (2.32) 

"-
(:l E7 -.<H ,_. J R, .{,..) == VCrJ R} ':) +- ~C,-)R, . { r-) 

e:.J-J.. e.:.J-J. e':.J:i e:.;-.J. e=J,.J. 

V 2r, ? .2 (J+..t) J e~- · i ( t-)-==- ctv Lv; -(;: ...... )rs +(J+.l) j{rJl- ~.1. Vr + ~ 
"+ fF t's "'J-+ (2.33) 

1[, · (r-J-=j/[Vs +(/-.t)l{~+{t:..t) ~.r;2- <~J-..t) Vr + 1-d ] 
e "'J-J. ~J :< J + i. 

"- .2 
VT ( r-)= -'J--v c; 'V"']{ ./+i.T V: C,... J 

T :<j -T-1.. 

(2. 34) 

(2.35) 

Writing down system (2.29), (2.32) we follow the approxima
tion on the phenomenological use of the OBEP, accepted in paper 
111

/ we neglect the ~ quadratic terms in the spin-spin 
..::!...t.-.l ~J.? 

interaction ? s _ { p ~J and confine oureel vee to the account 
of the terms proportional to rn z. CCL~) • In expressions 
(2.24)-(2.27), as it has already ,been noticed, p~ is under
stood as a difference operator If . However, in obtaining 
numerical evaluations the reasonable approximation which is not 
reduced to Athe nonrelativistic one is the uae 1 inetead of the 
operator H, of the eigenvalue o'f energy Po (as in the prob
lem of a poaitronium / 17/) of one bound partical in the part 
of potential ( 1.1 ) , consisting o'f the sum Vc...,.. f ( r) and 
the scalar part of potential (1.4): v= .r..-,., 2 

• 

~2+~3il"~ 

3. guaaiclaasical Solution o'f Partial Eguations 

We write down uncoupled equations (2.25) in such a form: 

[He -X(.-)] l?e(r-J "'0, 
0.1) 

where X (r-) = (~m +E~ou.,J -VCr)) /.!lnt~ 

12 

and the potential V(r-) is defined through expressions (2.30), 
(2.31 ). 

Regular in the zero free solution ( V{ r) =- 0) of equa-
tion (3.1), according to 171 baa the form: L 
[// fr~e ~ I e+J r (e+J.) - ~ -e 
'eCrp:J=[skJt (-J.) (-:~) Pcckx) 0.2) 

-:} +c' ~ ck~ == (.u,., +- £. ) /::z ,n °•3 ) 
V'c,u..,,J 

~~ ~~ 
where .I:: v (c. I.~ hs the Legandre function and(-_ '7~) is the 

f f f+l) ((+J.mt.C•f.i) generalized degree defined by the expression: f = {:1< • 
A f?({.'lr.' 

-}-€ 
The Legandre function ?, (chx) is real. Thus in expression 

-r .. ,· r.-1( 

(J.2) only the factor (.~f+t) 
- r appears to be complex. 

We separate this factor by the substitution: 

(- ,..... )(e+t.) 
'f:, ( r. X) -::: - /~ I/. (r. X) e I r Vle I • 

0.4) 

We obtain the · following equation 'for the function ~(r;x): 

fz c/, (t·~c1~J- ~.(:;.t) s h{~ f,.)-X (.-]}\cfi x) = 2_· 5
) 

Note, that the Hamiltonian of the equation (3.5) in cont
rast to (3.5) appears to be a real operator. In the case o'f the 
potential is real, 11e ( 'i X) is al~o a real function. When 
the interaction is absent, the Legandre function appears to be 
a solution of equation (3.5) e 1 

11e(r1x)=P-feh;) =(shJCJ +.zexp[X(if+,(+l)] ' 
I . r-/ .2. X 

-:x··o. . r(%.+e) 

x P (l; +e+J. 1 f+i./-le"../; · L-exp(-.t'k.~. 
(3.6) 

The conditions of the orthogonality f9r these functions will 
be written down analogously to (1.6b): 

13 
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o<> .is I~ 1 p""-J-e jD-J-e ~{ r- r-t} 
~ s;, -z d;t ( e-Jt;c) ( c..l.)() = 

o -}+i% -1 ~-~· r: {- r)=-t(f#L}{- I' {e~.L) 
"' A ~ -r 1 0.7> 

A 
00 

1:. J t p""-1-e i/ -e fi(- .C) te~.s.J 7 lf-f r) ( e+J.) s ( ~- x ') 
A ar (e-/.x•J Y(d1f) L~" ~ J - J: .:::: v! .. 

0 -f+c·.C -L+ · r shx.thx 
... ~ .I. (~ 

We solve expressions (3.5) by the WKB method. Suppose: 

~ (r-J= exf' ;,· j-(r)J· j(l")=joCr-)+ /:JLP) .. ~3.8) 
Inserting (3.8) into (3.5) and ' keeping terms of the zero order 
in Z 

1 
we derive a differential equation for 10 (r-): 

J- C/o
1 
(r-) = a./l.~c/, xll (r) -t'cUlC~ A f 

H I" (3.9) 

X- X [ -~ (rJ = (r-) • i + (1\..A) ?] A=f+i 
A r 1 

The imaginary part in (3.9) contributes into the preexpo
nential factor. With the account of the term of the order t , 
we arrive at the equation for'}-~ (2) : 

I ~I} 
' X" (r-) + c' - - -

'}4-(r-) =- " r"+~.Z/1., X (r) 
.2. ( X11 

2(r) - 1) A ' 
Thus we obtain for the function /f;CrJ: ;\ 

(3.10) 

l<yeCr) = [x"<(r)-J.] -Y~t ( rj/~:' +./1 2
)- \. 

'2 (3.11) 

·j./ 1 /,X ><t,(r~ All 1 xe>ef J... t- cuu c 11 {r') - • --
~ y_ ;[x/lrr-')-17 rl,.,.l. /1 "l • 

Here z_ is a turning point, defined from the condition . X/\(~~= 

= 1.., In the case~">';_»~ that is characteristic of energies 
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£<<C.) J-'1'1C 2 1 ) formula (3 .11 ) gets s i mplified. We write it 
down in the form of a standing wave 

z. -J+ ~-J.. J.'L 
k:,,(r) = [X" (r)-.l] lf) siH}; Jr'a.ftt'c/,X {r') 

, • 'l>>) lA ~ ~ ' (3.12) 

-e-J. 
The factor r 
-- (rt/x ) e+J. 

't-

compensates the separated 
• With the help of 

a quasi-classical condition of quantization 
"l+ 

(.f+J.) 

expreseion{f)~ 
(3.12) we obtain 

j J ~ 1 
an. celt XI\ (r') == ~ 71( n + 1). 

'2-

(3.13) 

For the majority of potentials a spectrum is formed at the 
distances r >> ;\ • This allows us to neglect imaginary terms 
in \1'1• ( r-) (2.23-2.27). In such an approach, potentials (2.30, 

2.31) become real and we can find energy levels for a singlet 
{S =0) and triplet(S=.i, e=./)states. 

4. Calculation of Electromagnetic Decay Width of Meson 

To illustrate . the use of quasi-classical formulas, obtained 
in§ 3, we calculate the /'f(o)rvalue of WF quadratic at r::-0 2 ) 
that is present in formulas for electromagnetic width of mesons 
(1.9), (1.10). In the case of the massless-particle (gluon) 
exchange to the first terin of the quasi-potential (l.J) ( :) 
V z- ~l I/ e+/, rJHJi. =-3-v 7J'2. . there corresponds the potential v(r) = r 

in the r -space. There have been obtained in (19) exact solutions 
and a spectrum in the field of such a potential, The function 
cth (rm7:} changes essentially only at a distance of the order 
of ~ from the origin of coordinate and, as is seen in/71, its 
presence does not influence the form of the spectrum. 

1) Por the free motion, for example: ';z ~ _J..,_~-z:/1 >> J. . 

2
) Note r = 0 means that particles are at the Compton 

wave length distance / 151, A possibility of substitution of 

l ..u"""r~ fl nonrelativistic WP in (1.9) for • cll!J has been discussed 
in /15/, 
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Consider a potential, being a combination of the OBEP trans
form in RCR, taking into account only the Coulomb part and a 
confining potential, The value of energy levels is in general 
influenced by the potential behaviour at large distances r>~~ 
In this region we may neglect a hypergoemetrical factor in the 
Coulomb potential 

V ( r) -== - 7 + Vc:.'f f ( r) , (4.1) 

at small r- a Coulomb term dominates (region J.- at the Figure). 
In this region a WF I.JI ( r) coincides with the exact regular 
solution at r:: 0 in the potential . - .;..;rz 

tU .\ _C. r{ c' -f +e+.t) I/ () 
Te C r-1 - e ,.. r ( l -f) Yl e r < 4 • 2 > 

k"e (r)-: exp(-,·f-t'X~)P(e-~1~ f/t'+i+t'tr,i(#J., ·t-e-1 j<4•
3
> 

,;JZ = o<.;:? s j, 'X , 

where Ce is an unknown normalizing factor, This factor 
enters into the definition IJJ(o) , 

To obtain this we consider an asymptotios of the exact solu
tion (4,2) at larger- , written in the form of a standing wave 

recr-)- Ce !l f1U.i+J)e'Mf[-f~+(e+J..)~] X 
r-.'00 (~ Sh")()e+.£ Re[r(.t+.i-t'~J] 

(4.4) 

X .4_ Sli-z [;r r +Je fJn (.P. r .t J..x) • '{ e - :;r ej r- , 

where 1 ( is the relativistic Coulomb phase: 

'le = cvz1- l'(e~.J.- ,·a:-). ,- (4.5) 

The Coulomb phase can be also calculated through the WKB 
method: 
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? . '2 lviCB . ( cac..e 

"te == f ~ [JaJZrc/.. ~{ r')./r-'-]a.nu/, 
,......00 '2- '1-

free J 
~(r1./l'' , (4,6) 

Assume the Coulomb constant to be small ·,{,.C..<J. , 

This is characteristic for the description of the :J /"// and 
~ -particles in the potential model/20/ and agrees with the 
hypothesis of asymptotic freedom, Further with the neglect of 
the terms of the first order in oL and by integration in (4,6) 
we arrive at the following result: 

WICB -= a:? 
~ e = -x-ae ~ v'~ ~I\ 2 

-/\ cw" s i~ 
~~~~~ 

(4.7) 

The forms of expressions (4.5) and (4,7) coincide with their 
nonrelativistic analogs, The difference is that ~ is deter
mined by relation (4.3), that in the nonrelativistic limit turns 
into a dimensionless quantity, used in the Schrodinger equation 

4ZZ W~B i. <1! - ~ , Phases I{ e and '1 #! for :;f!-;:.;:> differ 
o~J:;-by terms of the order r;e_-J... 121 I, Hence in the Coulomb 
field the exact solution lf/t::} e and the quasiolassical wave 

\VICS 
function 'f'Cr-J coincide up to a factor in the 
region of large ~ (range II, figure 1 ) under the condition 
o( 4:..1. , ;It>> 1. • If we can neglect a confining part of the po
tential (4,1) at such a large r, then in region II it is pos
sible to equate an exact Coulomb solution (it is true in regions 
II and III /

22
/) and quasi-classical solution obtained for re

gions II and III/221, Thus, we obtain the following normalizing 

constants: T .£ ,/ j c 'wi<B 
. eKf'l-:t £+(e#J1 l" 

ee ,l r(te-t-,t) (-t .skx) e+.t ::: [ x/li!(rJ-.L]'S1t • (4.8) 

The constant C ... I</$ 

in nonrelativistic case 
is derived in the same way as 

/
z 7~ 

J Z /c ~<fiCO f ./r-' 
IRk~ {r-'J/ r·~J,...,-== .t J:;)("~(,.1 -.L· =1_,4.9) 

~- II 
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Integral in (4.10) is easily calculated 
of quantization conditions (J.lJ) over It : 

by differentiation 

J ki~B/2.~L .IXI1,e 
c Ji~ J,., X (4.10) 

11,e .::: (A,.,.,.£"'~ J/~ m • 

Calculati~g to exact 
and obtaining C tl "*; value 
tain: e 
I 

2. -3 z 
V-;,t coJ/ =A n (e'+;e; 

ebo 

Coulomb WF in the limit of r- 0 
from (4.8) and (4.10), we finally ob-

A-e 2 
ex e. :JJ<£jiD z j lv 

x r_(cla) ~e < ) 
It£ sJ.J7;e -J .. ,.at d tt. • 4

•
11 

This expression differs from zero even for states with 
e:$0 • So, using (4.11) we can apply formulae (1.9), (1.10) 
to the description of electromagnetic width of states with any 
values of e . 

In this paper a system has been obtained of partial equa
tions describing two particles with spin 1/2, interacting through 
the one-vector-boson exchange. There have been solved uncoupled 
equations of the system by WKB method for a wide class of con
fining potentials and a condition of quantization and the expres
sion for/~< ( c>) / <. have been found. These results can be 
applied to the calculation of mass spectrum and width of electro-

+- .. - -magnetic decays of systems of ee,.f'..,M~l'c;~~N.V type. 
The authors are grateful to V.G.Kadyshevsky, s.P.Kuleshov 

for fruitful discussions, and are thankfull to V.Kapshay, 
s.G.Kovalenko and I.L.Solovtsov for interest in the work. 

V( R) =- '}( + Vconr(R) 

I 11 Ill 
I 
I 

- qv2 1 -I R I 
I 
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