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Introduction 
The present paper is devoted to a consideration of a. system consisting Of two 
classical n~...relativistic particles mteracting through a claSsicalnon-abe1ia.n 
field; to some extent sud a system is a. model-of a bound state oftwo heavy 
quarks. It· is wen-known.from electrodynamia that at small particles ve
locities a regularself.-consistent scheme of an approximate description of the 
dynamics· of the panicles and surrounding fields can be elaborated with the . 
help of an ,expansion in vJe. In our <:onsiderations we will try. to follow elec
trodynamics as dose as possible. As it was shown in (1, 2], for the SU(2) 
gauge group the problem of two bodies can. be considerably simplified by 
some speci.a1 substitution. Restricting OUl'Selves with the zeroth-order ier$s 
in v/ c and neglecting the signal retardation ~this is equivalent to a restriction 
of the size of the system under consideration) we can reduce the Y~g-MiBs 

eqUations to a. set of elliptic·equations. ~ latter is much sOOpler for anal
ysis and numeriCal calculations. Th~ chromoelectJ::ic and duomomagnetie 
potentials appear to be 'time-<iependent;· this dependence describes a rOt.
tion of some isotopic vedor, field with the same frequency at each 'point of 
the configuration space. 

Classical solutions of the Yang-Mills equations with an external source 
are being actively studied since the mid-70's [3, 6J. ·V\'e will touch shortly the 

'- main results eonarning the problem under consideration. 
In 13J ~Jk:ve aQd Weiss have shown the existence of a variety of Coulomb

like solutioDS. Such solutions were found to aCCOttlpitl1Y nearly any configun
tion ofstatic sources. Ga.uge jD.varianc~ appears to be enough to construct an 
ope-ratar (generally speaking, singular) transfomung any static cha.rge den
sity into a charge density aligned with some given dUl!ction in isotopic space. 
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Then the~oaliDeartemis in the Yang:Mi1lS:~tiom~~,
 
due to a diaappealail~ of the comm~taiorScon1ributi()Dt.aDd \heequatiODS
 

, th~es bec:o~ &.set of independent Maxwell equatiQDS. ~eontrast to 
e1ectrodynap:des, one can even change the "sign" DCa ch~geswitching be
tween attraction andieptibion; transformations between cmifigurations with 
different values of Casimir generators (for example, total i.'IOSpiiland energy} 
are also poSsible. Having used this. property, sikive and Weiss COI1.Structed 
fully sqeened solutions which couM posse8lJ arbitrarily man en~. It seeins 
quite natural. from here thai arbitrary-initial fields must evolve' (when a ladi--
ation is taken into accoUnt) into a solution with the smallest Possible ~~gy _ 

. ..., a screen~ aile. " '.. '.,. "". ' ,...., .. " ." . 
.hi the- ,saD!t year a w~k by j(}mpl~ch[21 ,appeat.ed in which a set of "
 

equations leading to "gluostatie: fields" was prop<lScd for the case of two
 
static colored' sources~ Some propeniesof the isolutio:QS were ~, a
 
singularity. was shown tQ existin the' Ca,se ofpoint.-like sOurces a.nd qtiaJitaiive
 
changes in the solutionS at1argeQ~ wete noted. Unfonunatety,ihiS work
 
was pOorly cited. One of the reasons may.be a"shadowing" by the worn [3}
 
which,established a general'method ora gauge 'transformation fot obtaining.
 
solution.s ~,Yang~Mills eqilat!ona. .". . .
 

IIi Mandula's work (4] an instability was found which leadS toibe_ef['e(:t of
 
a lull screening 9fa singular Coulomb sourl;ewhen its charge cxceedssome
 
critical ~neQI .~, r+1/2,1 = 1.2,.:". Such scilu~ion.swerC: interpreted as
 
a falling of ID8ssJ~' (puo{lsonto a eentersimil&r to th~ralling of elect.Ion

positron pairS, c;r~ from the vacu~, in quantwnelei:trodynamics. The
 
consideratiOn was based ona substitution fe, l) = -\ ein a linearized set. of .
 
Yang~Mi1b equations with a Coulomb soiirce Ao = qf-Jr, Su~&.ubsti\utioD.
 
selects 'some'modes of field f1.ucttiations e which define solution vectors; An
 
essential point in this consideration was the assumption that these eigenyal

ues,\ were real. As it will be seen later. mOUl notations this condition is
 
equi.....-aient to the existence of real isotopic vectors bsuch that the identity
 
ax b= Ab is valid. But the latter is inipossible because oUhe orthogonality
 
of vectors Ii x band b. That L'i why no such modes appear in our calcuIa.tioils.
 
Creation and annihila.tion operators with necessary projective properties may
 
exist only for imaginary ..\'s.
 

Jackiw, Ja.cobsand Rebbi [5]ha.ve, shown that Coulomb-like solutionS
 
of Yang-Mills equations similar to monopole ones may exist 'in a. field of
 
nontrivial topology. The energy of such solutions is lower than the. energy
 

", ~ 
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, ofa Coulomb.~ AxiaIly..S)'lIIlDdric ',801u&Ds poe..,.~ 
'topologic:aliiM.riaatwee ~ S'lichsOlutioU teIDaiIlo£peli& ~ 
~uPto_(~e.g~f6J). >,. " ',' ,,' ", " 

h:the ,~' ',1nd mombte·anreesm",~","For'thiB"reuoa, 
pqge,truisfonnatiom used in (3) be<:om t.iJne..depeDde8.nd~pblem 

.istOmractDdiativeci>Dtrib1ltiOas~Wewill foDoweJ.ec:trodynamicsaadwiD. 
:find, firal,a,~ 'ol'the .Yqg.MiDa ~whidl~ ,tG 
electro-'and inagnetostaties and' giv~& '<iellcnption of the' ~, e.vobitioll 

, :when the'radiation hl!Jl ~ygoDeaway. Having (,bWBed snchfie1cl'cori.. 
"""lgUrationil;"ewiDthen cODllider a motiono£ the particles which create the... 

field itlJelt We expect BUch subsequent ap~iQuto~e01ove the DOll
.- 0" luiiquene$S in C9nespoudeuce between a configUratiPJiof chargeiJ aDd '~ 

mter'a.ctionenergy which was noted by Sikive, ~Weiss.Talting radiatiOn 
into acc:ount,weCOt,ddtra.ce an"':evolntion oloUr ,Sy$tem into,a ~with ~• 

•''lolVellt energy.' . '" ' '" '' . . ", ' " 
"lnan~ ofartkles['ll a stochastic: behaViour ofsoliltioupfthe Y&ilg

MiUs equM,K)DlIwas predicted. In the abti~ worbnOlili.il~equations of '-1d 
,dyuauaics wereatudiealorthecase,whcll they were inde~dent olspaci~ 

-.dableS.We &Iso note that .a cOnsideration of SU(N) gauge gro,Up ~ of,' 
SU(2)'an(1 coutiliUous~e distributions ilistead of poin~Jikes6urces, pve 
more, and more ~ompficated';pic:ture, of a niQtiC;lD of chaI'ges in'an isotopic ' 
apaCe which can,:cenerally speaking, become' stochastic:. , ,'. ' ", ' 
, , The paper iJorgartized ,as fOllows; In,Sect.l$U(2) gluostaticS.equations 

, a.rededved £o"'1~cue of two'Point~like sources.' Their regoIar sOlttiion.&re 
.".,nalyZedandaome geaeral properties are discUssed in SeCL2.b1 8ect.3 aa· ' 
in~tationof the obt~ed sQlntionS lor quark fields is given. SecUis 
devoted to t.ltereStiUB ofnUmerical calculations~ In Sect.5 the d)'lialDic..Of.

. System of- intef:a.ctinspartides and ~he flUliation &olnit ,ate COJi8idete<t ... 

..,. '·1- ., ·"G!iiostatics"equatio~'" 

. 'Let us·.J1owstad tromt~, Yaug-MilllequatioDlllfit.h ari extern.houree: 

, -
~ ".-.

where:
 
/Y = lJ1' - igA-",
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-p.+<~~a,.4,:"-"'~:~'#~~:~":+~l~,~ ':,.,; "
 

~.:e~~~::rt&... ~ .
 
, ':-~...~:::'~Of:a;~~Jte1L,,,,,fOv~: 

i't'~;.tPl~,'"~1h~,,,,,,.,-=O::(L2)~ 
'ODe sfiOlildnotethat ill "the. ~ of'~: we ccnIfd'~'
 

the motion ofthe matter {i:e-.; ',u.sourcesoOli. ield}hy.8il~~'
 
fpcnatioll Jrom
 'the: _tivistiC .'~, equa.tiOD and. ~"'~~
 
'fuactUm "" tothenoa-ftlatiUti.cPli.l:W';e.quWOJ;l tmdlL:non~.ti~ wa....
 
function Ip~ Then ... qtl~lMsiCal·upausiOll: at a: -G',gives IialniRou·Y.acobi"
 
equation'.for aa' action &n<itontiiluity eqllatioDs for· ;QJ1pUt~es. ,,'I'IU!sct ones
 
.~. the, ~ of the' sOurceS of~ el~~tiC fieI<L.TOget).er
 
with Maxwell equations.( 1.1} theyprQvide&'self-co~istentdeScription ofthe
 
$y8tem. "inaUeipltiaield"•. ,Asa-testilt, we'CoULlhdchlssicaltrajectorie&
 
of themotiOa, QftwomaaaiveJ¥JJl-tel~tiVistic, h~inte~tbJ:Onpali..
 
dedromagiletk fiddbotli iii, theze.to diorderi'n,,/c,a.odmtbhigJuirorder&,
 
taken into, ,.accoQ.t..., ....". .'... ;. ;'.' 

TiImiDg 1lO~.; 'YIUJI7_fi~d&~oae sea. tI1ai ~orcVltto.th.' ~
 
couSisteBeyCOQ~ . . . .
 

.tr-;t;=fI. (t:a)' 

a cha.tgewl1ich is lhe8OlUceofa field A,. 'ha$to~iD-time~ '...Bftce.,." .
 
if. we coDaidet a set of point-Iike objAlcb we £CUl ~tcba:rldeme. tIaem. wiIIt ,
 
aome' fhed:"clJ,arges" sinWat· to electri~o,Qes.hmtead;weneec[w·~· .' .
 
the "intensitY" ora source as smne new dytUt.lllicalvaIil\ble.. 'I'liupme~;
 
necessarily tUeinto account the duqe'sJnotion in an isotopie space; at the, .
 
same tiIDe, fOr. heavypartides its Wl'iatibn due to a.mechanicalmotion .~.'
 
be neglected. . ". .'" .' 

. Let the sU(2.) algebra be co~ered. Thell T. = 1.~...m.TJ1~~;
 
where u,,(a = 1•.~.3) is a Pauli matrix. One can ~y see~.•~
 

t[A, Bl in this case can be :represented u the product o[;bfo ;~rB,.in ...
 

-. 
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isotopic space: A xB,wher~ A == (AI,·A~,A3) .. Eq~( 1.1) wiD be rewriiten . 
now in tbeloUowiog form: .' 

- . . • _.:. _.c. . . .;. ,. .._ . .; 

8,,8"A,-:8,,8" A" +98"~ x A.,+ gA" x(8,.A,-8,A,.) +9 A."x A,.)( 4:;: J,. 

The conditioll ( 1.3) becomes: 

8~"+ gA,. )( jt' ==0. 

For small velocities, to the zero thorder in vIe some terms inEq,( 1.3) m&y 
be neglected: . 

ap' • . 0 (1 ~)&xu + 9V'x P = . . .~ 

where pand .p =.AQaJ'e isOvectors oh charge and ~ehromoelectric pot.ential, 
respectively, . 

Let two point-like ~l1rce5 Qf intensity P and Qbe placed at the points 
zlalld 2:2, respectively. We need to desfribe "slow" nlOtiOlls of the sources. 
and the cOlTCsponding motion ·of a color field, in which a possible radiation 
should not present.. According to this, we will negleci. the signal retardAtion 
wit.biD thephysieal syst.emunder consideration. '. 

In behalfel <:onlfortwe rewrite tbe Yang,MiUs ('quatioD$ in tel'lGl of~ 
lUl~ A . . 

6..p - ~A +gVA x.p+ 9(.04 x IV.p - AD + g'(..4. x..4.) x IjJ = 
=h(e - e l ) +Q6(z -z,), 

.-A; + VjVjA. - ViVjAJ + 
(L5)

+g't7ilAj x A;} +gAj )( fV jA; -V;Aj}+ 
+VieP + g.p x V;.p -9eP'X Ai - 2g.j) XAi ,- - . ," . -9 V' x 'i' X Ai + 9 A j x A j )( A; = 0, 

i,j=1,2,3; , 
dot Alt'anM a t.ill1t'-deri\'ativt' and (... ) is a s,-a1ar product iii Minko Of space. 

Tbt'cunefit dNlsity of t'xlfruaJ sourc('s in the v\"Cl.or parlof the 5et. ( 1.5) 
was bcgll·cted ~aus(' it. is of the first order in vi" and is nece-ssary only 
""b(On taking a radiation into aenlUnt (st't' St'ct.5). Nt>v{'rthelfss, one sees 
t.hi\\ .a vt'dor (or "magut'Lic" )poh'Jitial .A is 00112.,ro: it is generated by 

.' 
........
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thetermV.~+~ xV~~; IatbePre-at publica.&D_.~S'" 
OqJy case oCa topologica1ly trimt~ Vl_, =9, ..4-. = O. A poasible 
iDduenee ofinStantou wiD n(jt be <:oD5idered 'u N. It lIeelDB therefaa-~te 

r~e kt suppose that the <:hrom~·poteD.ti¥ is ~1 & sum of 
the coDtribQtioDl of both 8OU'CeS: 

(1.6) 

, whe-te 1rl and 1r1 are lOme Ilew fun<:tions oC cOardiDateL The substitutiop 
( 1.6) Ilatural.ly appears. for. example, whentrymg to ilolft ( 1.5) with a 
perturbatioll. theory ill g. 

In th~vec:tor equation of.::the ~t ( 1.5) 'the subsptution (1.6) l~ to th! 
terms oC iaotopic:struc:ture pox Q. aDd only to them. fDtui'D'; such a field A 
generates oaly frmdQ components inthesc:alai equatiQB. Hence 'lillec:an 
search for theJield Am theCoUowing Corin: ' 

(1.1) , 

where Q.UI some new 1'eCtor fu.a¢ijo~ 'OneseesthatforSU(2) gauge group tJae 
'charges of the wo panicles together with their commutator,give a.. suit&ble 
natural basis fOt thisptoblem. 

Let us nowmake- the ass~ption that the liU1i.ting values 

"
.of the fwtctionsdefined by the substitution ( 1.6) aM ed do' not depelld on 

a.. path along which this limit is taken~ Then the,sel!~ollsisteDcyc:onditioD 
( 1.4) beeoIQe5 .. . 

P= -g t,O(zd xP= 9;i P x Q, 

Q= -9 tP(Zt) x Q= -g;. P x Q. 
(l.S) 

-
where ;1= 1I'1(Zt) and ;2= 'Jl'2(21)' It will be shown later that the ~e 
assumption is Dot trivial and is closely related 'to the very generalprobll-m 
of a. point-like charge definition in non.~belian·gauge theories; 

EquatioDa ( 1.8) imply that the new functiOIl5 71'1.71'2 and a,depend upon 
time only through the positions of the sources :1:) and :1:2. In this Case, 
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1ihi:Jand .:caa·be:omit~asthe f,erms of the Jkst ~ iB f11.~~ 
( .1.8) caD be e~y &jeJi todekribe ,&prece&Siou of isotoPiC ~ P aad 
Qaround aome'coDstantveewrO= t,P +.12Q. AJi(eeel8iotl:freqv.eac:y 
is gtbt. Both 'theleDgt~s of '~e,vedoD'.P &Ad Qaad,t.be aCa1ar~, 

. _2 _2, __ 

of t~m afti:emaerved (P =0 '= (PQ) =0). This-.- thewqProPerty 
whiCh 'enables us to mtl'oduce Dewqu&Sis~ticalpoU,DtiaIa'1I'J1~ &ad. G iia 'a 
llODiODtradidory way.. ' . 

It is interesting.to note that such a. substitution is ~ble:r. :all odler 
three~mensioRal Lee algebras. In some cases, equat ions ( 1.8)CUl lead-.. 
only to oscillating solutions but also to infinitely increa.siq~. HoweVer, 
such algebras seem Dot to have 44physical" represema.tious aUdi, tII.at T+ 1: T. 
, -Wit~the substituboD5 (1.6)-( 1.7),equatioaS{ 1.5)becoDle(.uDple bat 
'longttallsl'ormations.y be seeD in II)):. ' ' . 

DD(w- ;.) = I, 
. (1.8) 

,rot rota =j, 

,where :Dw =V6" +g4C";~tl=11 2; 

(', ; = 9 ('I'-;)JD(w-;') 

." =:= U"'l, 1r2U, ;.,= U';".2 n.r = 116(e -el).6(- ~ 1IJ}lt· 
1a~above CaDd J are 2 )( 2-matiix: 

'c ==U-(~q)-(qq)II' J=:-IIO . 1 II 
- .H<PP) .(eQ) - . -1 0 • 

One can ' easily· see that C = 0 , &0 that -~ntWs 'Ir '. • ~are 
,quuistaticalindeed. TJUs prove.sth~ self-cODsist.eIICY or quasistatical ....t.i
tutiOns( 1.6;)-( 1.1). 
~.: ,The set fl.9) is cODsislent if dif1j = o. -Indeed, applyiDs V to the last 
equatioDof t.he set ( 1.9) W~ have: . 

diu J =('1'- i)J(AW+ 2g C"V1r + 9 C(VCl)(~- i». 
Taking into account t.hat C2 is diagonal and tlsing the scalar equation of the 
set ( 1.9), ollefinds the relation 

dlv j = ('1"- i)J6 = 0, 



2 

,s. • 
wllielt,,__ drat~1"at(l.g}.;co~,:"""tne-..... M, uP&( 
One 1IJ&7' Ax: at....b,am·addi&aal condition': In tIM tOllbwing'wtfwiU u:ae 
theCoulomb·lause·tli,ua::= O' (thatis,aiv A= 0) which isaualogousto 
QED case. ' . 

Tbe'set ofequaiiou ( 1.9}h.'aD obvi(lusph1sk~~nse.-AgluOG field 
originated from the two point-like sources is charged itself. For ~his re8$On, 
some self-consistent picture or a charges' and eurrellts' motion takes place. 
But the total invariant charge of tliesystem' i~coIlServed. 

/ 

Prop.,rties of'solutions.. 

lu the present paper we will consider only "regular" 50lutions:oC ( Eqs.1.9). 
In our interpretation it means that the vector field has, no singula.nties and 
the column ofpotentials is the' sum of a" Coulomb" singular part and some 
les~ sing,ular function in the vicinity -of the charges, (we will further call these 
solutions regular though th~,lla.memay be incorrect in a.s~rictsense): 

11"; = 11"14) + 1I'i, 
(2.1)

1 
11'10':: - '.' ",; . 41tlz- Zit 

where 11/5 are less singular than'1I"1o,'s in the vicinity of the poiDts Z'i 'a.ru!' 
are vanishing at least as 7"-1 a.t la.rge distances (no conditions, are imposed 
OD their derivatives), [8, lS}. 

Due to the ~haviour expected at infinity, is seems quite Dat·u.r~ to Wlea 
free Green ftincUon of a Poisson equation and to rewrite the expressiofl ( 1.9) 
in the {ormor integral equations . 

1I"(z) =-jdYG(z,y) (2gCtJ(t1)V1f'(y) + 92C1(1~{1I)(~'(!I)--,;r'»), . 
. . (2.2) . 

-a(z) =- fdllG(z)1J)j(1J») , . 

where G(OI',V) is the Green function'of the linearequatioll 

AG(~t y) :;;: 6(z~1l). 

One may search for a solution of the set ( 2.2) in the form ofiteratiYe series in 
a coupling constant g. The iterative series are expect£d to converge in regions 
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withexclUcle<) t·viciilities of "he point.5 ~H.,lIl2at sma.ll eDough .co~p1ing 
tODsl.aDt,as ;,; roit$eC}uence of·Fredl,.>1nltheorems ft ;Tthe equaUou with a ' 
pob,rkernel 191. 'lii thenrst iteration, the vector fj·!lda ori~ate& !roua a 
curreJit of -two ,poi.t~likt iiiNtee, 

(2:3) 

Expanding 'tht-'~~m tbe Legendre polYDomialsone rnay calcuJaie 
arising iIltegraIs~~~»~~yel·torfield _(see Appendix A'):Particululy, 
iutbf> poiutsz1 , 'a!2 M14 09' UJe line cOnllt"Cting Hus pciint.s,tbe fieJdaia 
constant and is directed ~ong this liIlf>.Onthe 'wbole, thevect.or field looks 
Ubtbefidd of a constant magllE-twitb tbe pok-sat~h.~poiDtseh2::i:C1ltJ'eIlt 
lint's oflbefirst ilt'ra:tiollv('('wr field an.' sbown in Fig.1 (it-e also :Appendix 
B). . 

, Let usgt'( couvinced oLoue important propedYGfthe sdlutionaoUbe let 
( 1.9). 

AsSertion i. SuJutionso£ the 5<'1 ( 1.9) for the clirrt!btdeDllity ;witbout 
SQurcl's.and &wsinthe whole R3.spa.ce POSSl'SS a scAling property: ifa 
aol.utKln Cor- the' ("harges located at a' distaJJcc 1 is,b~WD "UJeo tbelOluUou 
for tbc:'(:barges located at 'a distance d C8IIbto exprcS&o!d t.hr01lgh the &rat ODe 

b,-formuJae 'I 

~(lt;d) =d-lll'(~/d;l). 

a(~;'d) =d- 1o.(2:/dj 1), 

(iIH~ of D dhu('nsioll~onl'sb(}uld replace d·-thy a-D+2). 
-Proof.I1l\kr.d,thc'l>t'\ r 1.9) maybe t.ransformed into 1-heset of in

trgrAll'CJuatious{.2.2»;frulu tbE-laUer olle Bees that the Green functioa 
ili'll1UltiJ>licd by a faCtor d.- I. [do' D-I2] undrr su~ba: transformation of scale, 
tbe"oluJue- ckuwntis rq>lact'd by.d3 [dDl. the -itt'railve-senes o(t.lle current 
j(lt;d)a:rcitaJJl>ror,ued~nt.o·d~3j(z/d; 1) jd-2D-I'j (w..· suppose & convergence 
oCtbe1leriesb..re). Substituting '1.hne transfom'atioJ:s back illt.o tbe integral 
l'q\ta~lB( 2.2) we s.et' .tbai the propedy(2.4) is valid. 

Ll't- us 1K>W turn to the bi-haviorof tIlt' jjolutiou~ ·of theaet .(- 1.9) Dear 
tbetbafgcs. To lw. specific, we c.bOO5(" & coordinatt frame so tbat2:t '= 0 
aJtd consider solutious ill tbl' \·iriuily of tbis ,xliIl1. Then one may omit non
.&ngubtlcnD1 hi tht· 5l-l ( HI) afl('rtlH- rcpbrt'wcu: ,r~ - 1l'00 + 11'; (remiDd 

/ 
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a~~8etol~-- . '.. 
~.'th.~ field.in .Tedorlp~ iundioas .One Qa iIt,ow. 

{8, 15J that the ~Uoa with D~ ..m. kim (1 == 1) is quite diJ&reat 
. &oa the solutioDS ftPwhmc at. = 0. . 

2.1 Noazero.vedor hid.. 
Let ~ tim. ~der the ~ wheAthe vector field'iJ D~·in the· YiciDity 
or tJ).e '~If tile charges are pial:ed OD the .?i-axis then tho- soht.1iou 
of'the _ ( 1;9} in. the\liciniq or the point :Ill =0 can be written in.tile 
folklwiDg tOaD: '. . 

"t(c)~. -flu ap(PQ) + Ktrp. +...•. 
(2.5)• 

•s(c)e:t +,/". a",(PP) + K·i·~ +•.. , 

where a b1the module-of the. ftdorfieldo = (O.Oja)',p. =c:oe8,8:ia an 
angle c:ouaied &om the %--axia, r = lei. Ki.,t == COl'tst. From here oDe sees 
that the-JimitiDg Nne ~_o "1(e) is dependent On a. path along whic:hthe 

Jimit is ta.ken... .
 
To clarify. pbyiical !DeNliDg of the singularity ( 2.5) in the sOlution of
 

Eqs.( 1.9). let WI CODSider the foJlowing'model problem. Let the field .. be'
 
'identical to the magnetic: field,created by a soleQoitl. Placiug thechaqes _ 
inside the soIeDoid. we coDSider' only the sc:alar' part. of the.set ( 1.9) lIIld 
determine the cab&nul. of aoluijou 1r. . ' 

The field inside a lIOleaoid is appradmaiedby a couAllt· field' 
o == (O,O.a)~ TJWj field satisfies the condition rot 0 = 0; it inea.nathat 
the vector field can be a;preeaed through gradieDt of some ·eeaIar fuJldioJr. 
• := V/. UliDsthiS fact~write the col~ • in theform ohheproduct of 
a phase 2 x· 2 m"tm·functiou Fand a.·column y: 1r == FlI. The matrix F is 
then determinedb-y the equations .' . 

D.=FVy, 
F(O) =I. 



.'11 .. 

. Beso1'riDgtliese ~.'we·obUia 

Fl_.1 <Oaf ±J!11...r . ±~ojafl'~ (2.6). 
. -'=fJPllliD i coe i =f Ltjlu i · 

.. .,,-"- . _. 
where F-t is &II. mvetSe matrix, ~'js &patuneter aril@g in the pJObleiD aDd 
having·t,he dUn~Ji of a length (!): A=(g Ial A)-\A= fP )( QI. Far the 

. CC)himn,we ~ta,in PoiaIo.nequaiion. . 

. 61/- F-Jg'C'..2 ;=.F""lp. 

The column p in the· right-:haud .si~ of this equati011 represeDb .. dlaqe 
deJtSity.For6-like charges it is easy to write· anexplidt apreIIioR. for .. 
neglediq thecutributio.D of.&Jl "iu1Iux" -cbatge density Dear • ~ .. 

.. 11"1 ==._A~«z.=:- %1)/-') +(PQ)sin«.z~ %l)/A) _ (Qq)sia({z ...;.za)fl) 
- , . 41tAJe -.jl:l/ . 41fAte -:~/ 

. Acos«z- Z3)/)\) - (PQ)sin«.z - %-j)f>.) (PP)airl(z - zdo/~l) 
. 1f2 =- - . ··4~A'" - 221· . . +-. 41fA,. -:e.1 

It is ~ to see tliat Ile&r the point of cbar~ locaJitatioD tlaiBsolu.tion laM ,. 
siDplarity aim.i1U to that of ( 2.5). The S!)lutiOll obtailled witbthe 1aeIpt." 
aph_ factor alloWito-perCorma simple regulaiiza&n: poiDt-lib~ 
eazibe replaced byilph~res with .. bite ramUl. One C&1l MellOW thaitlae 
singu.larity 0( 2(5)-lype is invOlved by the fad that t1lesc:alu' parteurrat 
;.= 9 iJV1f penetrates through the spheres. TIlen·it is pOIIible to exteAd 
a solution of the whole set (.1.9) .iJaside .the·ipheres ina C:OlJtiauo~ "faTeD 
that the field· .. h.a its initial divergent leis roan. Thus 'we see that. the 
~gularity ( 1.9) is an inherent properly of the definitiOJl of 6..fib llOUrCeS 

for thesalar pa.n:of the set ( l.9) provided that the v~field penetrates 
inside. the charges. .. 

One $hould alBonote that the expresaion for the current is mMant with 
respect to the phase .transformation· mentioned above: 

i = 9 7rJD7r = g ~JVy. 

So the contributions ofall iterations are eft'ectively fC!'umed in thesca.1al' part 
of the s~t ( 1.9) near the &Xis. ' 
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A, more, a«urate consideration orth~ behaviour or solutio~'of the, model 
problem for tbe set ( 1.9),on t.he bas~5 of itS' transfotmatiouinto a set o£ 
integral singular equations with a weak singularity "-as done iD[lOl. 

Thus, if the vector field is not equal t~zero on the cha.rge" then .the- solu
ti~nshave the singularity (2.5). This singularity leal15 us to,,& contradiction 
with initial premises of the derivation ot ,lhcset ( 1.9) from Yang -, Mills 
equations. Indeed, the values ( 2.5) determine the fr~quency oC a charges 
precession in an isotopic space.rt means that one supposed a cha.rge density 
to ,have the same Value on the whole surface of the sphere in the small radius 
limit. The singularity ( 2~5) shows that there is a disalignnlcnt of charge 
rotation pha.ses~ However, this solution is a satisfactory a.pproximation for 
small c;harges ~d can: be used Cor the'investigation of a quark waYe~cket 

evolution ( the disatignment is of the order g). From numericaLca.lculations 
one will see that the solutiQU is applicable, for ex~nlple, to systems .consist-ing 
of.heavy quarks. " ' ' 

The obtained solution can be improved consisb ntly by a pertu,rbative 
theory Cor the.phase. At the same tin\~t a number oC termswwch we need to 
tak.e into consideration increaSes rapidly and one sh..uJdobtain an informa
tion inthetiamework of the approximation ( 1.9)~ Such a possibility exists 
if these- equatiollsare appli~d to the extendedsoUl'cc's - for· example, to the 
rings' arranged OM over theothet'~ In this case the-potential, has only ,a log
arithmic sing11lality near the source and we have ,ail", uncertainty sin '1M' In.r 
instead of sinjlrIr. It isconvement to use this fact. innumericalcalcula~ions . 

.2:.2: .Zero vector field 

Let us now consider ',another" type of local solutions; Cor, whkh, ,the ve~or 

field va~hes near the sources. We wiHs('arch for th~ solutions of linearized 
equations with selected singular tee'IUs in the f?llowLug form: 

2r,(z) = ~(r)~(~), 

al(~} = a~(r}f't(p)t 

a~( 2) = c4(r )p,( Lt (p), 

i~,lt_2, I=1,2~ ... , 

where~(p) are Legendre polynomials, Pfl)(p) are a5')oaated Legendre poly
uomials. 
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'Tb~''CeO ..aif.ion ,diva:::"OaJioWSl.oexpr-ess ($e -(tftheAeld compOnents 

\hrough arlotber,rorexalDple,o, : 

I . 1 '8 2 f 
4 1 ==-'(1 +1)" arr 4a,l:j (). 

Theline~~set	 ..( 1.9) isttabs(ortncd to 

1..~ r' !!.1r' ...'~ (1+ 1) 7r~ -2.!.. (PO) a~ =- 0, 
r 2 lJr 8r 1 r 2 . 4~ "r2
 

.!-~. 2 8 ..' _'(1 +1) .' '2 .. 9 (p.p.)a~ "0 '(29)
'r2lJrTar1r2 r2 "'2 + 4'11' . r 2 :;:'	 • 

1 02."~.'.' . J . . 1(1.+...·. '.1) .'. . ('9. \2.(PP)~.J ·.9.. 1. (J .'9... ~.g.~. ;~. .0 
,,18r2 41 -1'; aj+ 4;,1' . 1'"2 - .4; ;ii;1I'2 .... (; '. r2 '= . 

.	 . 

It ,is'4sct of Euler equations, W~ sevels for its solution in thefonn of.t.he 
-<loluDW 

1rJ- ~J'
• 

X,:; ""- ;2 = r'x, 
41 

. where X is an .eigen~etor ofthedmraderisticequ.tioJl. of ancigellvalue 
probleJii . 

S -L 0 . -2;{l;; (PQ) 
05- L ..2G (Pi') . X ~O, (2.10) 

. O""fi<O: + 1)(17 + 1)(17 + 2) .... L + (fr.=}1 (PP) ~ 
with L = 1(1 + 1), S =:: (1(tf + t). . 

We ol)taio.iht' 6..onlcr equat.ion from bere: 

(p'Z - I' - L)({,! - p - L)(p2 + p- L + D) + 2p11) =-0, 

wh~r(' p == D' + J~ n = (9/41f )"Jli'i'). n.·ulOvulgLl'iv,iaJ too.... (~ ..... p - L) =0, 
·.Wl' lIa\'t' the 4-ordl'r ~llation: 

(p2" _ P _ L)(l + p:" L + Il) + 2pJl =0. {2Jl) 



, ",'M" ' , 
B~. diId'_'ittt.i~~:_~~'''..!~:,rZ~'.I.h,. -I ~l_' toots 
of the equations ( 2.11). Two ,~Iier'JOOb a.e'·detel1DiliedfrOm,tJae 2.,oider 
equtioopS- p - L +n = 0: ' 

",; l' «21 + 1}1 .~lW/l 
Plot- i::' ',~' ~ '. 

For 'the powers of thedlaracteristic eqU~jiji&Olle ha..,: 

, '. .'.' 1 ({21+1t-4Il)1/2
(1.-1-1,62=-1-2, l7J,t=-i± ,2' '. (2.12) 

(similar refatiou has beeD obtained ill [2. 4)). 
We oegiec:* the root,a l7't <7'. b«a~ of the cOIlditictnof a iegalarity of 

toIutions. The,rOot t1i sat~ tbe 'tegularitT, condition only at·' 2: h For 
the root,CT3 the regulartty requirement leads to the St'riaof Gritical.uea or 
the charge P ',' 

n :Sl(l +1). 

,The cue of 1= 1,l7. = Q.has Already beenconsideoo iIi tlie sec;tion 2.1. ' 
The Oaly degeuen.ied case to be considered is I = l, ell = el2 :a O. In tlUs 

, case, as it ill easy to'see from the set ( 2..9), regular ~,olutiollS are absent: 
Frolll theab9W1 c:oasideratioD CoDows 

Aaserlioia2. SolutiOu which vanish on t~charges aDd have a local struc~ 

lure described by the ~eDdIe polynomial of tbeofust order, I =-1, are 
poaibleonl,r at g1PV4~ < ..n. .' ,, . 

'Ollecaa expect that the assertion 1 ill also valid for such:solutiollS since 
Ule topoloc of the vector fieldcorteSponds to that of th~ :field obtained with 
a. perturbative theory. The property ( 2.4) may, howt~ver,be not fuJfil1ed for 
large charges. 

At small' 9 the screenecJ. vector field -near the sOOI'Ce is approximately 
d~ by'the expression 

1 rg 1 ao ao r: .•
a.=ao-ao,..,+ ... , a,= "2-Z"" +...• r2:,... 

From here one ~es that a characteristic length at which the field notice
ablyeha.nges is of the order, of the size or a source. Unfortunat~ly. we have 
no analytical methods to trace the whole field topc,kIgy in t.he case under 
consideration and to describe changes in the structure of solutions at large 
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c~~Oile of Ule mostpoW:~fulmetbod8 .or an investigation d' .~ear 
~ti., the method ot&1lmverse,~t.enJ1g problem seema~otto'Wor.k 
here. ;Even a generalization oftbe5c&tteriilg prob1e1I1IOT the~ v«tor part of 
tbe set ( 1.9'" BOt a trivial step. Thereforeanumerieal inVestigation of the 
sys1emisra"Uferactual. Son.e DUmerical.Tesul~ wiD be giwnw Seet.4.. 

To conclloldetbis ,ect.ioo; we will cliscUsS a COulOJnb"'limitilfthe problem 
when the isowpic.ectorS' P;Q.become parallel.Onesbould DOte tIW .... 
though the eXp&lllRon ortbe field in threebUicvect<JrsP,Q,andP )(Q·is 
Jl0 longer possibleJ~heless,the main set ( 1.9) isfomWly valid withtbe 

, only 'Simplificatioilthat the 1IQ1l-tr.e-oft.he U1&trixC2ii equal to~o.Then 
"tlte',acalac pan of the $el lw the form: 

A:tr +2gC.:VlI' == 6. ,(2.13) 

'These ,eqqatioP'1ea4 "too 

~("'lQ + ~2P) .. 6:,Q +62ft, 

Udwe obt&iD ~te1J 

~ Q ' j, 
, 1I"1Q+ lI'zP =------, 

, 4lI'Ic -cil 4,..t- -~21 

'that is toay, oDty tJu! SUfD ohbesolutiaal oftheset( 2.13}bu a Coulomb 
form • This.is valid also for ~c model,problt"fD in asolenoi<Uield. , 

Thus, we 'havecousideredsolDe properties of the,r~gu_ .olutioila 'of the 
·equa.tioDB~Bed.]t has~D .bown thal poiJlt.-1,ii(· l101ir(:eS 1Uay ,be defiaed 
ill ,t.W'odifl'~t..'1lt way.bet:al1&e a wctodield is present iatbeproblein: Some 
restrictioal OD the solutions are round. ' 

'3 ,Matter fj.elds ina given seIr-~on~istentgluon 
,,~Aeld 

We na-d DOW to ilMrpr<'t theohtaincd oscillating 6(.hlt.iQDS with Te.pect to 
quark fi(*~ds. All it is lft"ll-kuOWll,on(' must introduce' "large" X and ,"small" 
'f' componcuts of a spinor 

. 
'" 1.0 

" 

rt'duct"the relativistic Dirac equatiOn ( 1.2)
. . .~ 
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to the patiJi equatjo..., :

. 

- it;:' = [(piS- .,; gA-h)(J'i", - gA,.,l_ L rr -rot A + g- ~-J u. ..... . 2m 2m . . III It!'II- TI. 
- ~ 

(3.1) 

where p == 'VIi. To furt.her simplifytlte ..-oblem we_ will 'consider the two 
limitin~ cases:_ (1) wheIf the partjcles:are udinitely heavy and (ii) when the 
6:elds· A and A& are spatially uniform. For more detailed consideration, see 
[UI· 

When the mass m is infinitely .large _ may negl~ct tbe contribu.tioDIt or 
the momentum p and t.he vector field A ill Eq.( 3.1). Introducing an isotopic 
column /{1T = 1I/{11; <hI! one ca~ rewrite eq.( 3.1) as 

fjJ' = ignlf'. (3.2) 

where matrix 11 is defined in the (oUowiag way: n;: (ll'I P.. + 1l';lQ.)T.. , rio is 
a group generator. 

Let us also define t.hree orthogonal isotopic vectors E.. i = 1,2,3 such 
that E. X Ej = cij.E. where eij' is an aIllisyuunetri(' tensor, em ;;; 1. Then 
one can express the vectors Pand Qthroegh initial data p' •Q', and phase 
~as 

I' = PJ.[cos(wxo +~)EI' +P(WXll + ~)E21 +J11 E3 • 

Q= Q.dcos(wxo-te)E1 +_(WX\I +eIE2!+ QUE3" 

where W =9101,0 =Kt 1"+ ;2 Q'; .1\ = (P'E3);QlI = (Q' E3); Pl..Ql. 
are componenis oCthe vectors 1", Q' traas1lCrsal to·. the axi~ oC precession.·In 
such a notation, thema.trix n can be rewritten as 

. 11 = II :exp(+iwxo) ~p(-iwXo) l 
Dtr Pl.1f (n)ei( + Q- 1r-2(.·~i( - - -' 

where a:;::; ~, 6 =1 Z 1. ,:" D =1I't(n)P + 1f2(n)Q.. 
To regularize the pcoblem, wesubstitu&e ttae sources with some small spheres; 
then the functions lI"i(n) are defined OIl the slUfaces o( these spheres. 

From the explicit expression (or the 1Ul.Tix 11 it is. easy to see now thai 
Eq.( 3.2) is quite equivalent to the equalioa .of a resonant spin precession in 
an extema! time-periodic magnetic field [1.2). With the substitution 

/{11 = exp(-i",xo/2)vt t 'V'z =exp(iW2'o/2)v2, (3.3) 



cc,I7 
OJIIJ,~theto1l~,~~;"hltCQll8_~ci~b~.~'1r. 

(3.4)
 

'1'=:,1,,.,"·,+w/2 ,'r ,. "n, .t,., ' #8+....,/21 
DQou.s~·eia.va;lues U:bouehdsfro.~.( 3~1) ,: 

, U.,·=;3;i9 JD,~",',"+fll·
 

,·n.._uu.~tlteset f 3~4):is tlteD,giv~l1:by \he follovtiltl ;~ressioA: '
 

,..,=eXp{JV+.2:~}C++ap{.v
_-zorc~ 

1:r= ~iU~}:4+~iU_;;.)d.~" 

, '''~::'.' .:.P4~i{tlIM~,+q".1J'nft)eg~ . 
. • ', '~"""'Da+;Qd:tD+Dl' 

"dle1le1P,Ofthe'sOlutioBobtailled ,we £aD: ,DOW select' "iDitiaI,aata: 
'.hiCh-,coasisteDt,Withthe gluonic fields(thelattt~r~8howD. earlier to 
IuweZI,~_t;·.hiclJiscoastant in time). This lsthecase~when6e 
lOI1diou of.Ya,nl""JSls aRd.' Dirac ,equat.lousdo ll{)tcolKtadktaclt.other 
~tUae'cIepe~~':becOl,lle8 the;S&IJle~ ,"'fUming to,',tlte,expHdt':form 

%,' ==~l;l -ch'~, 

,,~d1'ewriti.gcOefti~(:%J 4as ' ' 

c+ ~pilfll;.c_== r~.;d.t-= ,mc+.;d_= nc..." 
... : ;~. ," '--.
, •• ~:r-- ;Il =lIe-- .' 

o~ has ,the :ron~wi"~xptesSi~B'for Z, comp-Onent~ 

'Z.'=p2.{l -p%)+~:L(l_·z?)4

",+2,rooS(V+~,U~+a-P} ~,p"'cQS«U+-U_)Zo +0 -fJ +u ~'.,.)]. ' 

k:cube ,:08i11seeD frolll tile 'above, equ.atiou. that, ,thellOll-osciJlatUtc, Zs
 
<»apoaeateom:spoad,tdwdl'. dlOke'olnutial.datathateither p or r is
 



_ =-. _';:_. ~A(~"~."'''' - .7..,.,: ....::-:· ::~-:".:.~ .~_-Il~~_ • 

.,~.:~~~.~~. '"C""'C>,,',"_ ., .; ..... _~ • • • _! .,._." :"~:" •.,.... _"-::.""._ "-:':". :<:' 

a=.,,--.•..t~i'~!!~!~a(~~l
 
the aD ofpreceasronat initial time. All tJleo~ initial data describe mixed 
staies which include both isospin projection c:ompoJlebts oscilla.ting with a 
frequency. dift'erent &om 'that', of the gluonic fieldpiecessiou. " , ' 
, . To be specific, let us pul r = O. Then ,~ther ~ch-.rte component. 
~' , 

..' 'Zt :;: 9'2~ +/ft ~~= 2¢Pcros(~:CCl + D'h, 
Z2= ifh'~2 -ith V'1=2j1,uin(wZo +o}. 

The .soluti~ shows that the isOspinofthe particle behav~ like a spin in ' 
an external uiagnetic, field; it periOdically diaJip itli orientation' with a 
frequency U±. which is,dift'eIeD.~fcom n.AD isofIpin-ilip probability dependS 
OD nin a resonant way. " ',' , , ','" ' 

For better physiCal iDterpte,tatioD,'letu-tum Ut'" to the case of finite 
masses. We will ~ rOr SiDipli<;ity that the fields "'l."':aO are Dearly 
UDiCorm in theyj~of the sources. Thea thesoIution'1D&1 be foundaa a 
SuperpoSition of plane waves:" ' " ','.', 

Ip(~t Zq) = IdP~~(iznr;)tp~l.P":Z:o}~,, 

In t&is c:ase eq:( 3.4)~~es: ,; 

.' . y ,
'P =,t''f/. 

where v~ n0+ ,'.' 7exP(-iw:c~) ~. 
- ~ 'Yexp(+lWZo), 0_ I 

pl A 11 At " 
~=-', ±~(pG)+--G2.±~~2m ,2m '2m • 2 .....1\. 

gAJ../_) U',' PJ.."'t(n)eiE +Q~"2(,n)eAf
'Y = --y-- e"'+ ge " ' •

2m ' '2 

AD isovec:tor Aand a phase (' == ( - 1r/2 in the &hove are defined analogoUs' 
to those !al,ft and Q(see eq.( 3.2»: A= ftx Q• A= lAI. The explicit form ' 
fot Ais 

A= A:dcO$(W%o +(>.& + ain(W%o +()E31+ Aa~. 



withAl =It. '. 
UsingagaiDthel..bst~tutioil (3.3). (or .thecompo~of fj/: 

.;. 

, .~;:=ap(-iU1z.12Jt1~', ~~ == e~(iw~1t/2~J 
one ~ theeq~oll:simi!attO" (3..f):. 

i/ = lOY''', (3.6) 

where t~e mattix·V' in theri~ht haud side is'~indepe~aent: 

~-

tI*= £t:f ±w/2.. 
'. So1Utio!iSo! tbe above equation ·ha.ve tIle following form 

t1'~l(P)=exp(iU+(p)zo)c+(p)+ exp(ilJ..(P)ze)c-(P) 
V'2(P) == ~xp(iU+OJ)zo)<4(p)+ exp(ill.(P).zo}cL(p), 

where 
J pl' 92 A2 2 9 - - (pa)A

U±{p.) =- + --4 :f: -ID +n - --I
2m 2m 4 2 me ' 

and 

.;"(P)':' ~",~)P.r-",(..)e;( +Q.r-~.(..~ -(pa)/~~. (3.7) 
. ,Dll +n:l:lD+n.- (po)/mcAl " 

(one caR ~that 'the denominatot'in eq.{ 3.1) is ne'"ersingula.r because-tile 
rector (pa)/meA is orthQgona.l to jj + fi). In accord with {13J. {or fermious 
(in contrast to bosOllS)·ouly.oscillating solutions are possible~· . 

.. Again, we can ea.o;iJy select initial data. which provide constant Zs compO- nent of the dlarge as itw~ ma.dein tbe previous case m -+ 00. Equations of 
this type appear in the problem offermion pairs creation by a time-dependent 
external ficld 113]. In thi~ sense our solutions might beinterJ>retedas a. cr~ 
ationofthe quarks with a given isospil1 pr:ojection by aJl externalgluon field. . 
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Nltmeric8J results' 
Numerical cal~ions on the basis of a finite differences method w~ per
formed to solve nonlinear equations ( 1.9). Due to a.xial symmetry, all the 
quantities may be found as functions. of p and z only. Correspondingly, the 
functions 11"1 1\'2 and a, J azwere considered.as d(mn.ed on a nonunifonnJ 

lattice inside some "large" cylinder. Because of the scaling pl-operty ( 2.4) it 
was enough to make calculations for a fixed distance between particles. The 
particles theuurelv~s were· approximated by some "SDlall" charged cylinders. 
Such an approXimation is quite sufficient to Simulate "point-like" sourees and 
does not influence tile results. The height and the radius of this "particle" 
was chosen to be 0.1 (in the units for which the distance between the sources joo. ~ 

is equal to 1) while t~e size of the outer ("infinitely large") cylinder was equal 
to 10. . 

Vector function «was found as a solution of. the fonowing boundary 
probkm: . 

rot rota =;, 
(4.1) 

. alo= 0, 

where G means boundary condition at "infinity"J that is; on the surface of 
the large cylinder~ 

In contrast, the function 11'1 is obtained as a result or solving two different 
boundary problems. First or them is the Neumann problem outside the 
sources: . 

(4.2)
 

where ft. ~ i = 1,2 are unit vectors orthogonal to the surmces of "sman" 
cylinders Gil Cis a constant providing that the total charge of the cylinder 
is equal to unity. ;1 is taken to be an average of 11'] over the surface of 
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tbeeeCond:~.··ne ~dptobi~ is the Diriddet .,probleta.iBSide the 
'SOlU'¢BS; 

~ .. 

-DD("t- i l) :: 0, 
.1(51) =7I"J(~1)t 

Tt{n2)=w't(a:a), 

where ..,rif-,)aR the functions found from' the,a.huve NeumaDll ·problem. 
;Eq.uationsfoL th~·fUDCtion 1r:zuesimilar exCept m'so far ·astheiadexesore 
corret;]>OIIdingly' interchanged. . 

Oue sees that· tbeboundary conditioll6 { 4.1),( 4.2)conespoud to_the 
caae of penetrAtion of"the vector neld·iDto lllesources (see Sect. 2.1). Let 
us caJ:l them P-typeboun4a.ry rondit·IDBs.Thecaseronsideredia Sect. 2.2.. 
correspoadsto oounda.ry('onditioDs Ql.another type (reins Q.IJ them F-type 
eouditions)wbeu tbevectMfi.eJdfJows around thes~,urces. In this case tile 
vector field outside the sources .C'aD be expressed. thr.)ugh given ioqitudiBal 
faa lAlla: ttaBSVetsaJ· f1. )(·4~omponents and tbeirderivativelloa··the .·surfaces 
of·the· sources. The F-type-coUditioDS .will Bothe considered in the· present 
publication. 

One could also try to apply anoth~r·boundary 'Conditions at the surfaces 
of SJuall eylinde,n;. For msta.D("e,Diridtlet problem seems to be more natUral 
Jor .tbe .functions 7C1 'outsidethesources. But a·mwc; detailedcoDSideratroa 
I10} 51IQWs1Jw. in ·UUs case serious diflkulties appear which do DOt dow to 
properly approDlUatetile aourft'S ·.tbm)Sel.va. 

One more way is to .det~muu~ a charge deuity with the help er die 
disconthluity o.faderivative of the fundions1riat tb<> surfaces of the sources: 

- where lhrtlonl' fhr~lfJnl·mean derivatives fro1Dout~deud iDsideUle $UJ'

face, l'espedi¥ely;Tbis ,wary seems tobet.hemost correctOlle~in another 
Case$ & gluomc co~t iatl'odilcftSOmeunroutroUed contributi08UJto a 
charsedensfty l~~q.(5.2»),Bu·t utldersuda cOD<litions tftepTObJembc
COJBeS equivalent to~tactjonpTob1em5and J't'qWlesmuch mon ·time for 

<~.	 coIQJ>1Ita~.FAtimates&howihat(4.2) givt's quite su8icient. approxima
tioa· of the problem. 
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.~"~(~l-i~;=:~."i".~"'~."I*""""
c:boiee. ot:optiDlal iteratiot;Jk"l.ij~'~:"'JI~fOttfrif~1i'~~' " 
soh:ed llrstat fixed a.:theaawasobWsled at bed ll'"i. _thentU~ 
.. reiterat~wWla sufficieBtacc:uzaq was reaChe<t ' 

We haTe coQidered 'strout coup~gcon5tan" values' itlthe'raoge iJlta'
eating rcnheavy quarkooiwn p~t a. ~ 0, I, 0, = i/41f'. Typical cuna 
&reshown io Fig. 2-4, Let u discUlllJ shortly the'res'ub obtained. 

,Que might expect. from the set ( t~}. that. for &limall couplingconstan1c ' I 
themaiA cootriblltio... will be given by the Coufomf. solU:tioo. fortbe scalu 
parto! the set andtbe first i~t'a.tiotl oft~ vector field. 4 "hichis liileKina.: 
This tiDear depeudenc:e sbouldbe'changed,w.hen the~UOI16e1dcontn'butiaa 
(see eq.( 5;%») fleoc.omescomparable with that ohlieCoulOlllb 'pert~ In'Fig,5', -.-.!t,--'" 
oue sees, indeed. a !iDeupowthoftbe field.- atSlUall a .. (tJie field at the 
axiS ohhe syHem Wi shQwn, each curve corresponds to a given ,value.of the 
angle- a betweea the:vedo" P-aDCf Q), -The small'COttpling apprt)xiiitatio,ll' is 
se'e1l10,re~"valir1 fOr the Iong~t time at. /%:~ rf2 • tlIltil approximate!)' 
a. = O,6~ ',' 

The gI~OQ field- cootribGtioo can be estimateff as; (see Appendix C) 

. r [ -JC, 22-2· .a 2 ~ • JC • 1\% • ]' 
V=,I*,-1t~(6+g A«~ ll'l+g 1\ 4"11' 2-lf+g~T(aiJ tbrr. ,
 

, (4)4)
 
i :{1f'-'- ;p"D(ll'-r), Aa =~~;
 

the secoad term behiod.6-twKtioo rep~-eseats an' "~ draEp densitl; . 
The regu1arized COulotnln:oatributioo.into. potenti~ enerti is.-"Val bY 

Soal1! lW.Illerical results are SOOW1l iD Table 1. 

'.. 
1 

., 
.-.;~ 



,., ~.' ;.'
: -,' .•'~ ~ ~;.r' . • ' _.,.., 

;' .. 

. 'l' . ·f f,'> i:~ 

--~'-' .:0i;25:; 0$." '.: 
g 1~ lJ1%: %/JR"·f;7_;-'"-7 . 
A. 8;m-lQ"~ ·9i398~ij)""·'·t.~.~ur.:~:~~tft":·c., 

,-;i 1;~!JOC1. 'T.248~vi1 1~_·ttl:4;:1'~_~ 
~ r2. : r;.J6l.tt},-z 1;2!tl.ltl~ 1.940· w-.a- .1".617:1:8-2;, 
-V-, S.191·!O::-25.,ltO·W-2 .t);. . 8· 

V;.t:a- 9, 892,,10-$ 1,22&·10'~3,:305·~' 7,138'ro"~, 

-VII, 23T-1O",tl,892·10-1 2,91S.W'-''' '~1O" 

-V; 1,,968,10-' 2;409.10-' 9;213..10-& t,682."lO-1
v,. 3~6«-lO~5' 5,59T:IQ-6> 1,692.·l9~ 3.....:10.., 

.. 
j-

V; 5,199.-10-& T.12e~lD"" s,33T:ur-·· 1,051;18-' 
Vi' 9; 651~ 1O-i ' 1,188·10:;4-' 1,904•.10"~ ~.40~· 

~ 1;.5;M:.IO-+: 1,513'10'" 6. 062-10,'"* 1~00&;';10'"'" 

V.' 9<; 286.1O:- i 'l...132·Ur"· 6~30S'lO~"' 1;W.1tl-4 
~ - 2, 343~10"" ~ 555 .10,......5.033,10--· c. 5.~·....·; 

Here· 
v~·Vt+~+'*, 

. .t . 2-~ .. ·. . .. ' "_'2.' ' .j::.....L.:I "2 ,' .. : .~. ...' ' "'::-'2'
Vt·=·~"':.i eta(g.... Nf1) 1rJC ''It s::;~. Vi 0;: ...; _~/A;, /2): ft· Jo. .. "1 

VI~J~42fl}(ail~ V.~Id:;Ji{g?i?/2) ~~"'" it.1:V~·" 
CT' 2: 'v.' , I' ') ''!ll .. ,.,1.'2. ,.,.r.t =rj:2it~ = ,~..,.¥.::II!. ;xi;.......".
 

Ou~·lhat~~Yo -V";;"',~.~it was~~_ilot~.;, 
..... at:,m.tiv,l!,:~ e:t....POr'~Q.~IIiOTe~~9"!l&;"iPUlR'. 

aec!SSaiy.' . 
hwualreadymeDtioned-tbt the. p,;,~~,_~,,,,;~ 

approximate ones· because they lead to diJ{er$t ptec_OJl~eacia,u. 

dift'erent points ofthesource. To estiIQate how impl~tA:is; inFig.6we·, . 
show the values of",. on the s~eofOl&r'"smaU"O)'lil1der aDA .~~ 
values of'; ro~ 0, ::; 0, :).,and zero,anglel)etw~P &All Q. On4f'-eeea~.vea;, 



.~~~~==:
 
,Let.u"'~1be critiQ1 viilue9<'of a couplt~ ccmsta;Dt;gw~ttae 

'iDdueed"}'t!uOraJleld,t:OiatrilIUtiou iollie. energy..molDeU1um :tensorbecames 
'·'CGD:lpuable..ub.ih&t.-ofttaeCoulombpa.rt.&t1"apOl~lillea.r:depeDdeDc:e 
.'0.' =,94 for the- who}e,g,.;ez.«e JO>oc~aridcQD$jdemll~·a'.YPicalgl~ t:0IltJ1

butioa(8ee"Appeadixc) . 

>E=j_(rota)2(p XQ)2 =·g"i:;F ' 
.

.gft~··(,3. 

,ad 
'". .' .... ..'kj~'_'_ 1 t:. . .~. -:6c ",..-.- ,tJ•. 

'o.e aIaouatt JlOt.etlaalia' thisraageo{g the,.g!ttonic·contnnution;ia~ys
 
poeitive•.. 11 ;lI1ereIore sWftll.:3iscl'-eLeenergy :leftlaltp.';hjs J'e8$Oll~bleto
 
ape¢.....-.taome, Qose'\O '$kthe,bowid sta,tftC4>UJd ~pear at an.
 

~'5~'The~MicalmOtioil,of the·twO:parti 
,:eles,·..(tii'a~iotl ... 

We ari! m.dy·ucntt&·t:OJWder·tbe mechanical motion 'If our colouT~ clus.rges. 
Co.ae.poading.Dem-re1ativisticHa.tnilton functiou is J;iYen by 

(5.1) 

.wbere V ill &Ii iateradioD energy: 

v =J.. Toed&. 
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Simple ~ransformations{see Appeildix C) lead to the foBowiD.I upreasfoD: 

I [Je 2 2 2 JO • . ] 3 2· 2 • AI
·V == lIt' ",-"'2-(6 +g A, d 1r') +g h G" 1( T ,.. +g 2"(ClJ)J de, . 

- (5.2) 
i == (1r- ;)J D(1I"~ ;). 

One should note two important points. First, to find the field contlibutiOll 
into the momentum of the system particles + fields one ,has to synimetries 
the energy-momentum tensor in a. standard way similar to e1ectrodyuamics. 
"Thenthe "interaction" terms cancel out, and the a.bove contribution becomes 
the sum of the ~ontributions of "free" particles and fielda. 

Second, in electrOdynamics, due to" a line~rity of the Maxwell equatioDB, 
the Lorenz force for a point-like particle~ moving in an external field produced 
by another particle, coincides with the force obtained from the two-bodi. 
problem. lOne sees that this is not the case for non-abeJian theories. If 
one identifies the changes of the energy' of the field with the changes oftlw 
kinetic energy of the particles then the Lorenz force is given by an expressio)l 
different from that obtained by Wong {16j. The force in this case· should ~ 

related not to an individual particle but to the whole system of the particles 
and the field {17J, {18} (the authors acknowledge rather helpful discusiOlUl, 
with'A.I.Alekseev (19].) , " 

Using the selft.simi:larity property ( 2.4), one can see that the potential 
energy of interaction is'Coulomb·like~ 

V(d) ::;;: lid V{l) 

"where d is the distance between the charges. Excluding self-action energy 
.-'	 (the procedure is quite similar to electrodynamics becausep2 = const~ Q2 = 

const), one has the following expression for the interaction energy: 

1h+;2	 (PQ) r I(P,x.Q)2 K
V= 

/2 \ZI- z21 +Tlz l -z21 = \Zt- ~\' 

where 1= IJt1 [-1r Ie (!f A2a2~) + g2 A2al ; Je'; +g A2(aj)J., 

the quantities i, I a.re taken for the distance between the parijc~ equal to 

unity: IZI - z21 = 1. 
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"TJae~"~or~"~"_ ..~~·~··
 
A.. lor .th'Qlveate',probJem - &It '.valqation,of·the' c01lpling constaat ,gfrom 
~ebOWbtza.iectories,its soluti()n~ ~t11 spea.kiDLUnpO$Sible.OJie sees ' 
from ~'~~Jottheinteradionenergy that the ~nel11 caabe the same 
fot, different 'qJ.uea of 9bec:alUie 'itQ.-wen<lson.the aJ1gle 'betweetlcha.rgesin 

,auiaotopic:space.From theprecea$ion equation *hel)ictureofvector moti,on , 
,in 'COIifi;gutatiOa space, Jiu\ybe' reco~~d'whenthepartidesmove'~.t\e 
trajcctories~ eneed to mol! t1Us Jadin'order to solve- the problem ofquar1t. 
gluoa ,pJa.sinatinetie. 

,Let, us estimate now tIleg1tloDic fieJdprecessiQnf!equency.. It Q.ilhappen , 
t.hatthe1at~risllllleh.J.tiPet,~ CPO tJpical freqneue1, or ~ca1 motioa 
ofthechatges~TheJl-ODeC01lkfSimptifythe equationsofmotioa by averaging 
them ,over t\efast ocsiIla~~~iUodQll&tely;this,is l\ot the~. ForheavY 
qQadoniwn-nevsteinS' the pr~o:a.'fiequen9isgiveuby CI1:=gcIOJ, 
where {t=g ..,";= 1/41t>"'l'~&'~1Picalqua.rkomum,size. From here one 
~th&t,' " . 

".lIJ, .=.:=.'~~/'A ~-.Jl ~,-T-l
~j, '" ,~vl 'orb~ 

tIlatiS, .he,£requend'esof 'Ute preCession and the oIbi~motioliaI4! com,pa.
rable., ". ",' - .'... "'. ' , 
, lathe ptevioU$ sectiOD$WehaYe WlUld the gJuonie fieIds and tbetnO~i~n' 
oCthe sourCe3 to thezeroth order in vIc. Following QED schen;le, the next 
terms shoulddescribc a. radiation. Let us wfj~e a. g1uQ~kfi~Jd as 

-, .... ..' , 

All ::= Ap + A,. 

with Apror sman term.~ ofthe'order (tJIell. In this approximation Yang:'MiDs 
equations become: 

6(f - V A+ g"\1A )( ,prJ +gA xVip° = 0, 
:: - .:.. - d n·

-A + AA- V ~ f~ +cP"- VA) - 9::1-Ie;; x Al, -(S.3) 
• (6 Xo . 

_grj;0 X (A -Vrj;) + grj; x v~ - 92rj;0 X cpo X A = 1, 

"'where 4-, = 7rlP+1i-2Q. For simplicity, we have also neglected,;t° contributions 
as compared to those of .po; this ca.n be justified for qua~koniu~-like systems 

(see 8ect.4). One should note tIla.!. the terms c{mtaining Pand Qwere already 

.:1, 

t
! 
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. '. ..: : .~ .... .~ . . .. .. ~.,: , ' "", 'I/i:
~ .. tahn~o·W(~iB:Jle~·~.~_~_.'~ 

~~iu_the~rm:-A(tp"'xAJ~,~Pat.,~=-~P+~.). - , 
','ae-'aui~sau~_~,.",,:,:,·,:·, -,' 

~, -,,.af,. A~ -gA, x N= O. 

, In,om: DeY,Jl~&n8;it ... 

--< 'i+eP-VA+.g¢)It ~ = fl ';.J&4}; 

Vec:i.Or eqWiOll of the~{5.3} 'bcomes: 

~,': -A+ AA+ g. x A ... 2g~x A""'rl¢xep'-x A-if, ' (~i) 
~... " 

w!we .4- =11'11> +.1riQ, The cunen~ i is giveDbyth~e:q>r'" 
J=p.;l~(a: .... lilt) + Qt,;6(1It-'C2) , 

, and cali be easily 'shoWn to satisfY the self-couimllC-J conditio_ (·u~ 
,We will restrict ourselves with a ama1l coupling ,c:-.se wIreD. 

".gl,~. gl!p·l~.lAI.TheDthe tOOiation i$ detlaibed by & ~equatioil, 

... i+M= ' .. ' (5.8) 

Its-so1ulion maybewtitWnaa 

A ".'( ')' 1J', i... ~(,IIt~.t\ (t"-'I'r, ", 

'.' ,'" .;f , :;OO,,'~, fa _ .!~ If,t .... ~r ~"I 

'" Allarp dist_ceSR ooehas, .. usual.liIl'-·llI=ll~... +. ,,~' ••-pJUiae; 
therefore:' c" ~ 'R+p'+'.'..• w!lete n = I.,Eq.(,~.nth1ls~" 

A(.R;t) =c~ j dtJ3(J/,i) +. t:~ j4v-:i:i<1I,i)+h:," ,(5.8) 

where i-t-Rlc. ' , ' ", ' " " ' :" 
In coDtrMt ,to electrodyiut.JDics; one,must nq1rtake~~~"." 

charges P and Q are time-dependent. Using theaself..(;onsisteDc:rcO~ 

vl + ~+ 9 ~ xp= 0, iUs ea.~toobta.in 

, ~r..], == J.. ~ r..vj :; 1.. - rca [~ +9 ~ Xii}' 

............
 



, .• ~j•. ', 

~'."·~;~'.6e;":I";~f~,~,~;.4t4M,,,,.',,,:;.• g"'~"'_;"'Q":~;.fo1lO"'~"" __"-,,, 
:·JlOW•.eo__i...,......~6t~·~.••\?y·.:it.s'm~·.~.. .•
.. ,K~~·;as.~ ..,ilOa- ' ·.atJ 1lJV ~;QJle ....:'... .. ~~ '., 

~JI. .~ 
, ,.:....;. ''''IJ~ . 

Multi~,..... _foV.tl4,;i1l\4~:,,,,,·'1A~6eai)llle
 
:~is . .
 

;-··.,ii·~J;.,.l)..:(~ 
;FOl';;twQ~e.~~,.;" 

'. "~''''':''''''1'',:",,,<' 
·'·'i.~.''t}~-.'.: '.. tt};~'.7ii .. , J~iG)•..''~.~.' .. .··'·t"l+:(1.,1~ff)~ ,,··c,.,:.. . .. .,-e.n, .' 

····Simpk;~Ci*~.:roaow..·..t ... J.i.:_l'.e.~ ... i.f ... 
,~:,,:_,~., . ". '. 

, .4.r.=.. ·:~J:j?:;('.'. :/> .... :~.q.-.:. ')1.;Ei)("~" 
'. ,·of ... ·· .. ~ .. '_ '. 

·;.!·~,·~2:,,1 

,·Eq.(S.1&). ·.....··uato:.• t1le··.l'eslIlU·'i1read)i o~ned.·;~ 
,umiar;fottlle·~I-aad·· .the·:radiaUoa .adwae.moving ••.. 
..,finiteba~.·Oat.laeothet,han4~iljhowsalSt):IIO"cUit~For
 
~amrk~ it. isbC)-£TODl eted.ro<Iy~f.a.t'hesY"~.9f~o.
 

'.J

'~"hichbw,tbe.-.e:~masstatioet~llotradiate iadipiole 
.~"Uol:l~<;me sees that this'isnOf.·theca.se for.gluodyaa.mia:. . 

.!Alus .oteence~&JIattuonl"trivicd ClUie or asmaJI eo~liJlgw~ 
ccmsidered.Ja ·anot.her·,~· .Ute· dipol~fQrmula. .( ·f..10) hasWbe·revised. 
In 118} classical':self-action, or a Bon-abelian .charge and ·thei'ad,iatkmol·& 

'moviDg' colored'parucle .were consideI'M.·' ~ AnomaJous1f modesofradiatioD 
',werelioted 10 exist. addi\ioutG'"COulolllD"oncs. 
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Thus, we haveconsidered,tbetwo..bodiesproblem Cor the 1l0ll~aD5U(2) 
the9ry with tile topologically trivial vacuum: .rp_ = ()., ~., == i. Onth.e 
physical level ofaccu.racy it his been shown that Cara,maIleoup!iug constant 
(for the chargesg'1./ 47(1{>1 <v"2) the obtained picture aboostreprodu~eselec
trodynam.ics. Thepartides are kept. with Coulomb forces and the ·radiation 
may ~ described in a similar way. 

'We .have also noted .the dillitulty consisting in the fact that, in .COIltraat 

to electrodynamics, point-like charges may be defined in two> different ways. 
depending on whether the vector field penetrates in.'iide the sources or not. 
In the first case the disaligntnent of cha.r~ phases takes place. It breaks th~ 

self-<oQsi5t~ncy of the approach at large ertoughtime int.ervaJs~ Int~ secoDd 
case the solution, obtained with the help of perturbation theory in 9, .may. 
exist only for small charges. ' 

The charges' behaviour was shown to be a precession ~ anisotopicspace~ 

Tbt:- frf'qut~~cy of oscillations is compara.ble with the rotation frequency in 
Minkowski space (when the coupling constant lies in the range corresponding 
to hea.vy quarkonium, i.e. a. ~ 0,1). So we confirm quantitatively the well 
establiShed opinioD.tha~ nonphysicat-ncolour" states ta.ke placeia theclasskal 
theory at small coupling constants. It is interesting to note that- noA-abeliaa 
theory, according. to our considerations, describes c\ complicated IeSOJl&Ili 
system~ investigation. of which may be of its own sdentifie interest ·despite 
the· fact that such states are not observable. in the real world. 

.Modern theoretical considerations suppose tha.t the QeD ~uum is pop
ulatedwith the fields of a nontrivial topology. These oDes are believed tok:ad 
to theohservable colour less states (see e.g.{20i). The intera.ctionbetweea 
these configuratioB5&ndthe ones obtained by us gives an iD.teres~iDg DeW 

class or problems which can be. studied with the h~lp of perturbation theory~ 

Then these results, can be genera:lized for the cODtinualilltegralappmadl 
oC quantum theory. We plan to consider these qUt'stions in thefoilowiD.g. 
publication. . ' 
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Thef~ in1egtaJ ~pear5i.o 'die liEn' it.eratit,n: 

A(.l-I.. Ie~.II{je 2.1~t) ~,~ (~[ -1L;::,,}· 
where e is aD unit vector directed to the second chargt·,e ={D.O. 1),. Detaile:d 

'eakulatm-lDAybefoundmI8j,tberesult(fot ~::; 1) is 

A..(e) = 0; , 

A~e :bl IIl(")'-,,{ )]"( ) =,4'lI'--3'21f(.)~+~ - 'i' z ~~. 1IY,0(" I-t' T 

OIl f( ·zt-·l . %,+1)' " ,'(''~-1' eN-I,), ,,,]. 
. +~,bl21-1-.2t+3' Y,°ta .)-+:<-1)'21_1-<21-:t- 3 1"-(71(>' ~ 

, %, '1'( . "e I)..4,.(-) = ..:1:(5 - l)Yl n,,) - 'I',{t5:- 1)YI (t\( , 

.. ~ 2'lr I 1- If I- L,(, l){zY,(a.)+(-l)e Y, (R())+ 
1:2 + 
ClQ. (r'-l z'H)

+ ~f1r (21 -1)1 + '(:ll + 3)(1 + 1) Y,1(n.) + 
.. DO "'( ,e'-I _. {'+l )"1'.. 

+~41l'(-1)'(21_ 1)1 +(217 3){1 + 1) Y, (n~), 

where :r =1.' . ~ = Ie - el. The sources areassUDled to lie atz. = 0 aad 
z = 1.' .. ~ 

PltJ'tkubt.rly. at z-aXis ODt' has A. =411' for z =0.= = 1 and z = 0.5 wlWe 
A" ':omponent is equal to 2:ero: , . 

Physically ob8erv<~ble is a ~hroJlIom;lf;r...tic fidd H = rot, a. Dot the 
vedor potential. itself. Duf' to~al S}'mlllt'try of the problem.1:be ouJy 
H.... -component is dilfeH'nt from zero: 

wiwre r and II = cos e a.re spherical coordinates., 



at 
.The _iIletical raWblot H." at~8hoWJl iaFil~;; As.........
 

- ·is thal~th~sol1rces ofagluoDicfield appeucto lie ill some "uYity!'wWdt. 
contain$- almost no magawt\c 6.~kl and is ,sutrOullde<l witJa· a tIUa; 
lay~r where t~ magQeticlield shat-ply iucreaseL This looks like a- 

'- pit. In q~tum t.heory, one mJgkt eipect thispic:tllft tokad .,. aotic;e
able anisottopy. Sllch a beh&vioUl ot the soIutioae may, ~-. mIahd :to .the 
~nfinemeut probJ.eul. 

CQrl'~ndlines oljo.
 
The current niles are described with the .t0U0w:ia8- of.,eqwdinJ'c
 

dz :0 
ds =1• .

(B.l)
tly' -0 

ds =J,s 

where 

1~ =I":e's C.. ~ el -1) - ~~e\S (~~e\ -1) .. 
i: = I::;"C.. ~ e\ - 1) ~ :~~. (~: e\ - 1). 

'It =(z, y, 0). 

Let us pute =let = li2t &'=(O,e.O) and·deflueiDew variables to&, 11: 
" -, ~ 

y+e y-e
U=-- v=-

Z t . -z ' 

then 
2e . z(u+v) 

% = 14 - v' Y =- 2 ' (B.2)' 

tty a.-v. 
tl~ = dv-tla . 

Fromeq.( 8~1) we have 

tl y u(l + v')(l- x(1 + v2Jl/2) - vel + u2}(1- %(1 +u2)1/2) 
d x = (1 + v2)(1 - x(l,+ V2)1/2) - (I + u2){1 _ 1:(1 + 142)1/2). (B••) 
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;w_e.2"iiI;'aJ•.~.-ol• ...a"t1·~·J3~2)~ ~pAriAg:etp.~B~3).m:i(BA),ODe 
'eatll"i	 ,.', , . 

.	 .tLv. (1+u2)(\- :reI + U2)U2)
 

. ".'d';' = (1+tt2)(1 .... z{1 +112)1/2).
 

Substit.ution 'of :c(u,v)gjves 

d u(l + u'}{u- 11 .~ 2e{1 + 11.2)1/2) 
-i, II'V= (1 +v2)(u-v--2e(1+v')1/2)' 

Let usDowintfo4uce·uewvcuiablesu=sh' O',tI ;;shfJ,~,=D~e""==~.
 
TheD the a.bove·~uati()Jl'becomes '
 

d u(u+ 2r-(71"2)(1 +O'~) 

- ;r;= (1" +2tr .. 6 1T)(1 -+ r2)" 
~

We.m try w Jlnd it8jnt~gralsitl thefuUowingform: .' 
PIQ :=const, 

, wlrere:P~Q ~epolyno~s inu :wd T; 

P=l:4ij'Ti 
Ui ,Q == ~bwTit1' . 

. •",Ia,I' 

From -e(J,( D.S)onebu 

(B.7) 

./	 \ 

Tb.. mat.rix ;eqliabOJi((Jra Mid b JllIW h,~("~~n('s (,uun,.~): 
, ~ 

BE aiel. bAH-K.B-,.L (A +1-2 K)1"A(J8 =-"GAIJT"D , 
K,L 

where GAB .~ tIlt· flunJ('ratoT lliahix of ('(4,( 8.5). Olit' C,Ul St'etbat focsym

m,'tri(~ a and b tl.(' n.h(.JV(~ ('(Iu.tlion is ('I)ough to sa: lsi)' till' corr('!ipotulillg
 
d.'nominatur ..(~uat iun ;l.'i wdl. If, iu adilit ion, Uw l\l;Lt.rix a is tli~gollaJ, the
 
foHuwiug iutt'graJ of (,'<1.( B},) ('an he ('a.~iJy fuund:
 

Z(7'2 + r 2 + (7'1" + (7"T

C = ~-'-----. 
1 - CTT 



Turning now back to the coordinate reptesentatioD, oBe_ha.-.·cult_:·Jia.< 
which can-be seen in Fig.I.. 

Let us ddinechromoelectric and cbromomague,t.icfields al.JEi = -'Fe',
• .• 'Ai . .. . •.... - .- - .-'
Hi: -1/2cijItFJ where, as usual, Fp.1I =8p.A... -aIlAp.+gA~xA~.Using 
substitution ( L6) and eq.(1.8)one has the following' expre$$ioJl {or the 

vector E: E = 'Elf:> + E,ij, where E =...."D{".. "'): pi becomesnow,hA 
where A= P xQ, h=.:rot 4. 

By ddinitioll, a.n ent~rgy,.momentulrt tensor is giv,~ubythe e.qJ1'asioa 

One sees thatE'J. == E't J C E, 'then. 

1 . .. . . 'J-JToo = 2 (EP J C E + h A ). 

The ot.her components of the tensor are 

. .- -._. 1 '·2 -2 
TOi ==0,. ~j == -'E,Ej -' HiHj .+ icSij(E +8;:). 

Let us consider terms corresponding to the chroml}electrk field. Integn.t7'· 
ingthem by pa.r~s over the wholespaee an~f using the identity J C+~J =O~ 
one obtains . 

where «5 represents sources. In the above,the conclition Va=7 0is also take:a<'; 
into account; The second term in the brackets conespondstoa.uillduce<l: 
charge density, similar term appears in the scalar part ,of th~'Set ( 1.9). 

The chrumomaglletic contrihutioncan -be ttansformedin -t~'same~J 

in notations of Sect.l it becomes 



.A2 :]., 

"34' 
. Putt.iBc;fllese~ tqget.~,_'havet-l81fotlbo~ deta11s) '. 

, 1 [' -JC( ...22 ''') 11 -2 2 .JC..>

V = J. ...... ,J.~+Y· Ad ..."..+ g All 11' TOw +f 2(•.t}~, 

. . j =(1['-w)J D(T-f), A'= _0'. . 
The .oulycomponm< of the chromomagneticfield B =rot 4.origiDaied ° 

from the first iteration Qf the eurreat deuSitywasfound in Appen.diX A. We° 

Will, now use it to· estimate the induced 'gluoDic .contribution·to the energy.. 
momentum ·teasor 

V,r(D,Al=lDt/.r y;,(A), : . 

v:' (6)-i1r 11 dpl- P[l- _1 + r .]2
-', - -1+.6 1 +~ (1 -2rp + r')1/2 • 

Rewriting it as.a suttl.oltwo tenDs . -r 

V.,(D,6) = V.n{D, A) + ll,n(D, A),
 
. (1,
 
It,11(D,6)= J drV~A},
 

o 

"'g~(D~~) = lD.dTV~(6)· 
and taking corresponding limits, one finally has 

ll,lJ = 211' (11 - 12ln 2 - 11'2/12) ~ 11,7, 

V,c =211' (2Oln 2 - 5 - ~/4) ~ 40, 2~ 

V~ 
~ ~ 3,4, V,I ~ 51,9 

° "',11 
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