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Sap6awoa S.M. H .ap. E2 • 10626 
PenSITHBffCTCK851' CTpyaa c MSCC&Mll II 38pi1.aaMH Ha KOHil&X 
B IIOCTO:;rHHOM o.aaopotUlOM 3neKTPOMar'llHTHOM none 

nony'leHhl KnSCCH'lecxHe peweHHSI nnsi CTPYHbl c MaCCaMK H 3ap:;r.aaMH 
Ha KOHIISX B IIOC.TOSIHHOM o.aa:opo.aaoM 31leKTp0Mar'HHTHOM none. PaCCMaTpH
aS:eTCsi Taxofl Knacc JlBH)Ke.1rnfl, xor.aa napaMeTp BpeMellHOJI: aaon10u1u1 r npo
noPIIKoHaneH co5C?'BeHHOMY apeMeHH K8)K.Q0i!: 113 'ISCTHil 118. KOHilaX CTPYKbl. 
PeweHll'.SIMH ypaaaeHHft .QBH)KeHH.H II rpaHH'IHMX ycno&Hfl OK83blB8IOTC!:i IIO'ITH 
nepRo.ae'leCKHe qlyHKilHH, nony<JeH11Me B BRJie pSl.ll,OB ¢1yp&e. CBSl.:3.11 Ha ¢yp&e-
8Mil'1HTYJibI B03HKK810T KSK CJJeJICTBRe opTOl"OH81lhHOA xan116pOBKR H Bhl6paa-
110A napaMeTpH3811Hllo HaiJleHbl Macca II nonK&JI!: K8110HH'l0CK11A HMnYl.lbC CTpy
Shl. 

Pa6oTa BhlIIOnlleHa B na6opaTOpH11 TeopeT11<16cxoft <jlll3HKll OHflH. 

Coo6mea•e 06'1.eASHeH•oro HBCTBT)'T& •.11epawx HCCDeAOINUIHi. ,l(yfiHa 1977 

·Barbashov B.M. et al. E2 • 10626 
'Relativistic -String with 'Masses and Charges 
at the Ends in the Constant Homogeneous 
Electromagnetic Field 

The classical solution tor the st~ing with masses 
and chargeS at the ends in the constant homogeneous elect 
romagnetic fi:'eld i's 'obtained. The dynamical equations are 
s~l~e~ for the class of motions when the time evolution 
parameter r is prop'ortional to the proper ti:m.es of the 
stri'ng ends. 

The investigati0n has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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Relativistic atring with masses and charges at the ends is 

one of the possible models tor the quark confinement in hadrone/1(. 

The string models with llBssive ends or with charged ends only 

were considered in papera/2-41. 

The masses at the string ends result in the non-linear boun

dary conditions which do not allow us to obtain the general eolu-

tions. H<Mever, thi~ problem can be solved when we restrict our

eelvee to the motions of th9 string with massive ends tor which 

the time evolution parameter q; 
tilllee of the atring ende/41. 

is proportional to the proper 

In this paper there is couidered just this class of the 

motions ot the string which has, in addition to the masses, the 

charges at its ends and is placed in an external constant homo

geneous electromagnetic field. 

The solutions of the equations of motion obeying the linear 

boundary conditions are al.Jllost peri~dic futJ.ctione which can be 

represented in terms of Pourier aeries. ReBtriction on the normal 

aodea are the consequence of the orthonormal gauge and the used 

parametrization. The mass and the canonical momentum of the 

string are obtained. The tranai tion to the quantum theory cannot 
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be made as the eigenfunctions of the boundary problem are 

not orthogonal. 

The action of the relativistic string with masses tn~ and 

charges J'i at the ends placed i.n the electromagnetic field 

FCfvCX)='JrAvc:r)-dvA[cx) baa tho torm 
£'• 'f:'-1 ~ 2 '"' 

S=-y)d'f)d5icx:Xf-i2:l:. 2 -l JJr[md.i:~i;;:,'l)+~,:i:~cGi,<r:Avcx)J, co 
'ti 6'i <-=i ~! -2. 

where 61=o, <52 =t r is a constant with d1unaion L 
Xv= OXv(6,<t)/()q; ,:xv =dxvC6,r.)jo6 

The variation ot the action (1) results in the equations 

of motion 

(2) 

and in the nonlinear boundary conditions 

1111$)=1.X,+ 'J1 Flit', 6=0,, (3) 

m~ 2- f ~)=-fXv +~2 FvfXf,o=rSz. 8£-l-vx- . , 2 
In addition two subsidiary conditions ( X ± X) = 0 have been 

imposed on the searched solutions X((~q;) aa well as in a f'ree 

string case. 

Purther.•e shall c-0naider oply such string motions for 

which the parameter CC' is proportional to the proper tiaea ot 

tho string ends/4/, i.e., 
2 

• 2 c- . 
X(6:q;)=~ ,-t=:t,2 • 

it_. 1-rtt 
(4) 

Here C,;. are arbitrary constants .. In this case eqs .. (J) becOJ1e 

linear 

(5) 

where 
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i'o solve eqs. (2) and (5) ""use for XfC6/C)='ft.fCo+'f:)+ 

+ Y1rC6-'t) the Polll'ier integrals 
+D"" • i"°"" • 

.I. ( -<WA ~ J. W.)A ~ 

't''fcA)="YB"_J~we ~lw\ lH1c>.)=~~we W.fc<.o). 
Purther tor simplicit;r ,.. put 7n;='"12=m , ?•=-~2='f and 

denote fr=tfr" . substituting l/1.r and~ I.Hr 1~0 
(5) givee the toll.,.ing equations tor functions I/); and 412 • 

[ iw+~(1. + f)]r 4{,Cw)= fiw+~Ci-j)]r ~v(w) '. <
6
> 

~ . _ ~ 2lwt 
[-iw +~(i+f) ]r l/ivcw)= [iw +tU.-J)]tl.f!ivcw) e 

Thie set ot homogeneous equations has non~triTial solutions 

1f1
1

Cw) and \Pi(Cw) it the frequencies W are :roots ot 

th• transcendental equation 

t. e 2wcr 1w = w2-cr2cJ..-d) ) 

d =ff¥ [ E'-H 2:!:WH 2-E2/+L/Cfii/J. 

(7) 

where 

W are s,.aetrical with respect to zero_ therefore these may 

be numbered so that Wo=O , W-n =-Wn , n= 1 2 , •••• 
' 

Ao a result, the Polll'ier integral representations ot lf1rCA) 

and lUrCA) reduce to tbe Polll'ier aeries. And ~ Xf(b,'C) 

can be upended as f'olla.s 
•"" -Mn'i: 

f -J <tPr) ~~vPv6 ,[. 5' _i_ 1o/ / e (8) 
Xf(IS,q;)=(i.-j r'Q"+fC2i f '(i +~l) + Yif ~/:!nV?v(6)qvnv , 

n#O if 

where Vnf'C6)= d(vCOSWn6-( 5f-lj)f'sinWn6, cL-n = Jvn • 
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The burier amplitudes d...tn in expansion (8) must obey the 

equat~ons: 

cd-j
2
)rJ..-,,v=o, f,v=o,.1,2,3. <9> 

J'or Cf_,.. OC' , Wn-?7JfL and aolution ( 8) turns into the 

solution to the mae·ales,s atring in a conatant Jtomogeneous, el_ec_t

romagnetic field/21. On the other .band, for Jr\) =0 we obtain 

aolution for the ~lativistic string with point masses attached 

to tho onds/4/, 

The number of linearly independent solutions of eqa. (!) 

is equal to Lf- / , where (' is the rank of the matrix 
2 . (d- j )Jv • We can show 'that r •2 except for the case when 

electric and magnetiC fields are equal in aagnetude and perpen-

dicular to each other ( E2-H2=0 , EH=O ), In the last 

case r ... 1. 

so, the vector ~nr as follows: can be represented 
4-1" • • 

clnr= [tc~E:"r, 
where £,if are the linearly independent solutiona of eqs. (9). 

It follows from the expansion (6) that the internal string 

excitations in the cas~ UDder coneideration has the property 

which is similar to the polarization prop9rt7 of the eleCtro

magnetic field. !be number of different "polari·zation" states 

of the string excitation ia always leas than four, tbat.'aaana 

the internal degrees of freedom of the strin"g in a constant homo

geneous electromagnetic :field decrease tram 4 to L/-r • 
!he subsidiary conditions 

ampli tudee wn 

6 

result. in the constraints on 
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.lnrPr=o, J;nrfrvR=o, n-to, <11> 

"Pr(i-j 2)r,I>-fC2+/f2 k[Ci-J+1l)laln/
2 

+ 
2
lf clmr_ifvil..nvk'12> 

In addition it is necessary that at the string ends the conditions 

(4) hold which lead to the equalitieo: 

P2
=- 1:r£+l)

2Z/J;n/ 2+11m 2(1+'±}-)
2 

<13> 2"'-·, n;o , 

~Rn {2wn'}d/d.-nl 2-£[wn2+t2c1.-d)]ol"rfrcl-nv }=O, <14> 

~4J2 22d 
where Rn=wn+}(:i- ) +2WnCfrU.+ ). 

The conserved total canonical momentum. of the string with 

massive ends in the constant hollogeneous electromagnetic field 

is of the form ' 

£ . £ 
Dr= J5rco;nd6 =f f:irco,~)+.irci,'1:1J+r jcir +f ,.x. )d<5, <15> 

•here JffCo,'L)=-§f;, - io tile canonical aomentUJll donaity, 

Ineerting tho expanaion (8) into (15) gives 

(16) nr=(:i- 22'ief-2J-vPv. 
It follow• from formula (16) that vector f>( is conaorved aa 

•ell as flr . According to the expansion (8) we can consider the 

vector Pf' as the total mechanical momentum of the string. Using 

eq. (1J), we obtain for the 'quared mass of the string in the 

external electromagnetic field the following expression 

2 2 fc2 0 2 . 2 2. cr1)2 .M = P =- 't +<,)Jf,f"tnl +'Im (l+-y . ( 1Jl 

It the string does not Tibrate then its squared mass di:f'fere, 2 . 
nevertheless, frOa Lfm 1 , 
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In terms o:t the 

N.~ =11m2(1+o/'f. 
harmoDi-c oscillator am.plituiiesa,.,=cJ..;n/.;z;;; 

a_n=a:. n >0 • we can repreaent eq. (17) as follows: 

2 2 d )2~ * 2 <rt 2 1'1=-r(Cf+" .liwnanan+4m (i+y). 
i'he roots of eq, (7) are not diTisible b;y W=flT/l and, as a 

result, a greater part of degeneracy of the mass apectrwa is 

removed. 

The obtained classical solutions for the string with 11&Baea 

and charges at the ends in the exteJ."Jlal electromagnetic field 

do not allow us to quantize this system because the functions 

IJ,,f v(6) are not orthonormal. 

The above solutions sho1r that the introduction ~ the charges 

and masses into ~he relativistic string modal ch.a:n.gea essentially 

the mass spectrum.. the degeneracy o:t -this apectrum being reJDOved. 

In addition, there is a possibility to apecif¥ the internal 

string excitations similar to the description of the polariza-

tion states of the classical electroaagnetic field. 

The authors are pleased to thank D.I.Blokhintaev and 

B'.A.Chernilcov tor intere•t in the work. 

Reference• 

1. I.Bars, A.J.Banaon. J'b¥s.Rev., .!UJ., 1744, 1976; 

W.A.Bardeen, I.Bars, A.J.Banson, R.D.Peccei • .l'hJ"a.Bev., 

8 



.!UJ, 2J64, 1976; JU!, 219J, 1976. 

2. B.K.Barbaehov, V.V.Nesterenko, A.M.Chervjakov. Preprint 

Jnm., E2-10148, Dubna, 1976; Preprint JDJR, P2-10J76 

(in Russian) Dubna, 1977; 

B.K.Barbaehov, A.L.Koehkarov, V.V.Nesterenko. Preprint 

JDIR, E2-9975, Dubna, 1976. 

J. A.Chodos, C.B.Thorn. Nucl.Pb.ys., .!lZ,, 509, 1974; 

R.Andreo, P.Rohrlich. Nucl.l?hye., B115, 521, 1976. 

4. B,K.Barbaahov, V.V.Neeterenko •. Preprint JINR, E2-10J85, 

Dubna, 1977. 

5. J.Scherk. Rev.llod.Pb.ys., ,il_, No. 1, 12), 1975; 

C.Rebbi. Pbyaica Reports, 12C, No. 1, 1974. 

Rece1Yed by Publishing Depart•ent 
OD April 26, 1977, 

9 


	10626.pdf
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14


