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' In solving a series of problems in electrodynamics. the required snace-

tfme pattern of field of an arbitrarily movin9 in vacuum charge CCI.,ri he re­

ce·ived by means of the Ltenard-Vichert potentials. Such method of finding 

ffeld'reQuces. in general case to the solution of the transcende~t?l alryP-, 

bra.ic delay equation [ 1] . In the alternative arproach FoUrier expansions 

of solutions of Maxwellian equatiOns are used, however it. is not convenient 

in all• cases. First, ·in order ~o apply the spectral analysis, the motion 

trajectory should be prescribed over the whole time intecval, whereas fr~ 

the unfq~eness of the delay equation it follows that the field behaviour 

withfri limited volume dUring finite tfnie interval depends o~ly on local 

propertie;s of trajectory. SeC{'lnd, the frequency width of Fourier expansion 

, of relativistic particles fields is g"reat. 

An additional visual information on .field of the arbitrarily movin9 

charge~an be obtained not involving the spectral analysis but via conw 

stnlction of singlewmoment force lin.~s of electric and .magnetic fields. The 

delaY· equation in .this case is satisfied by· relevant parametrization of forw 

mulae w~ich di:!s.cribe· the force lines. Ii1 case of unifom anc' rectilinear 

motfon of the charge, the shape'of those lines is ~ell known (see. e.9. [2]). 
' 

y·n ft3] , there is conSidered also ihe case of motion with a jump of velocity. 
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T!1-.: Sjj. i.....:-tic~e struc~ure of lif!nard-Vichert field c"'" the rectilinearly 

: .. o-·.-i:;:., :..;;·!i"~:,~y ~-.;;e.1erated c.harge iS studie-:' either (see, e.g.(r.]). The 

pr<.::St..:'"•t ·,;crk r.e;.~:; with the force·lines of field o""' the arhitrnr1ly movin~ 

·;ha1·:.:c. ·;~.-a~ rli'"fercntio1 equations de:terr.:inir.:; the nar::i'~t':"ical fom of 

:1e f~rc~ lines of electric and ~ognetic fields o"'" thr ~~~r~p at any ~is-

:; ~.r""J::· the 1a::rr :~re fc-unt:!. It is prove~ il" :-:f"r.f'r:>1 fcrTT' that f"or the 

f ... ~(. ~~ s:"r1t r-.f cbservational time the force linr•s c,• r."lo;netic ~1eld re-

b'ir,N"1a1 at n re:r~v'lr:t dP1ayin') instant of tice. ThP. position co~ the !'ounrlle 

.• ... i. 111 s1B~e is r'etP.r<:'r!ned by the p?lrticle velocity ~r.rl :~ccelerat1on at 

the sa~e instant of timr. 

The explicit,expressions for the force lines of electric field are 

obt3ined in some particular cases: uniform plane motjon along curvilinear 

trajectory, motion along normal with arbi_trari1y variable velocity, as We11 

us uniform scre11 :notion with twisting proPortional to the- trajectory curvat-

ur.:. 

·!e.hav~ stuJied separately the structure of the force lines of synch­

r:.'t'"o·•·. r1li~iation. It is shown that the force 11nes of electri·c fie1r! <~t the 

.')":serve.-t:.iona1 :'!'0"·1ent t are -g1ve~ ·parametrically via t\-;e rl<>1~yinn time 

' t <!fld <lt the- change of ttte latter execute revolutiOns arounc' thf' partic1p 

•·:ith f~·cq:;ency (JJ
0
f . "1here 0 is tli_e particle Lorentz factor, w

0 

is thP frequency of the particle's or~1ta1 reversal. 

The case of unifornly accelerated motion .is considere1:!. 

T!~-2 char;;,cteristic region of spatial locJJ11zat1on of h1Qh-ene~etic 

: .:trt of field ( r -region) of the ~ltrare1ativfstic chariJe is shnwn to 

cm:c;r:trate near t~e neutral line. of magnetic field. The computed results 
' 

of esti_u;at.,::s of tb.e. !'l@tral linf! for the chaT""e moyirm alrmo .tr.aJ.e.ctnriP" 
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with sign-varfable curvature are presented. 

The force Tines together with the neutr~T lfne o~ maon~tic ~ie1d prc­
duce a vfsual equal-time pc-ttern of field of the arbitrc:~rily rr:nvinq charoe_. 
The results obtai_n~ can be apPlied both to find cnndit1ons for coherent· 
addition of fields of ·many particles in local regions of Sl'!i'Ce arid to aM-. 
lyze collective effects in relativistic beams. 

Gereral Formul"ae for Fields. Nulls of MagnetiC Fielcl. 

Let "f rtJ be vettor-radius Cf moving point cha~t:~e, and 0 - . -
vector-radius directed to the· point of. observation. 1t is convenient to 

. _, 
introduce the· natural coordinate system, where-- e ?I'T1d 

1 
vectors directed alon~ basic norMal ~f tr~jeCt~ry ~n~ 

t l 

. '·le tal:e 
--> 

Then, 

at a delaying ~nStant of tiMe 

for electric ~ and ma~netic H ~ielr!<; \~ shan .,et tlo!~ ~xr-ress-

ions 

E==DW:r)3{e;['t"{+P~p~11'i-~4)+~v._f>P/c]+ 
(') 

+e; [(-J~-f)lt -J)zel~)-f/-li:JjJf'c]+~vJt-4-J>~+'i~l!CJ), - . 

H= Pt't,~y {~'vlf'lt-Pael"'/•-jD!cl+ 
. . . +ef-v3 P<e/·(1-;v)+ 

+ e~ f:.~Y,(+O-:elo/v:+-J;rvJ~fo/cd f, 
where 
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point 
• 

to the roint of observation 7{. ;D=iP\~c{i-t) 
t is (1 Z)'~1(2 

observation time, r-::: -g_, is th~ ..:.rti~11? 

is the trajectory_curvaturo at the point ~0(C), 
the instant of 

Lorentz factor, C£ 

j~d.ylit' 
At variation of quantities yj )~ "3 cour1er' by ~l;e r·?1-~t-

ion v~+v4 +:V" = 1 the en~ of vector J5 ~eso:rihf'>~ ' <:-,'-' 
1 z ' .3 

with radius cit -t') and centre i' t O(\iJl't 1. (t') ',_ ~h~,, 

c:a11 light sphere. ... 
For fixed roint of observation ~ 

fro1:: the equation· 

c/t-t')= /'t-t0 (f)\ J 

which being substituted into {:) and ('2) yields ex;Jlidt c!eren':lence o~ tt>~ 

field on ;;._ and t Eq.(3) is solved correctly fer rectilinear uni-

formly accelerated motion of the particle. In case of uniform circular 

motion. when the point of observation is on orbit, the solution of (1) is 

analogous to the Kepler problem[5] and is to be expanded in a power series 

in Bessel functions. At large r the number of main terms of this series 
3 ,......, t coincides with the number Of fundamental 'harmonics of synchrotron 

radiation. 

In the ultr'arelativistic case, (3) can be solved near the particle '-.v 

expanding in f -.2 and in small ratio x/R, , where X is i 

distance from the point of observation to the charge m0vin!": alone tra;iecto·­

ry with curvature r~dius f( . The delay equation here reduces to algeb­

raic fourth-order equat~on to be solved in radicals [ E] •. which allows, in 

particular, to clarify geometrical characteristics of '( -ref]ion. i.e. 

spatial localization of high-energetic part of ·synct-rotron radiation (here 
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field is proportional to Q 'f ) . Near tril.jectory of motion, 0 -reoion 
is elongated along radius and has small transverse size in plane o-F orhH ...._, R../ '( 3 . It is shown that outside r -region as well as outsir!e 
Coulomb vicinity the field is essentially asyrrmetric anc! r -·independ-
ent [7]. 

The field pattern found in this approximation has mosaic structure -

closed formulae of fields take place separately for o-region_an~ outside 
of it at large and small angular deviations. Resides, presentee! in [~=:-7] · 
formulae do not define fields at distances comparable wtth curvatvre 

radius R . 
A similar pattern can be built up usino one-~o~entum lines of fiel~: 

force lines for electric and nagnetfc fielr!s, neutra1 11n<=>s -~'nr !"aN1P+.ic 

field. Note that for electric fiel-:! t~ere ar~ no nentr<'!, !'loints c-rrl 1in<=>s 
at any motion of charge. It turns out that under rroPer ~;~raretdz?t"iop, 
there is no need to so 1 ve, the de lily equa ti or. in orr:'er to fi nr:' out :~cse 

lines. 

Let us study the possibility of turning the ~asnetic f1el~ (~) to zerc 
on arbitrary light sphere ( D >0 ). Excluding the triviill cuse rr" t~e 
rest charge, note firstly that at ;;e =0 the fielrl is zero over ti-Je 

whole sphere i~ the relation 

( '!) 

holJs. It is interestins to finC n:oticn trc~jectory for 1·!hic::l~ ~r~ "ovs ;jt 

all values of t '<t Treatfn..:; (4) as differenti.>~ e:r:u;.;tior. <-~H• 

respect to .P we find 

I t -t' 
j( t)= -hu'" + ( t -f')2.. 



I·Jhere "Ur-i is inte_gration ccnstant with the r.:eaning of acct>leration. 

It is seen that (5) ccrresponLs to rectilinear uniformly acce1er.'1.terl r:oti"n 

of charge I'Jhose field 1-1as consiflerec! in [:d. Further, at 

magnetic fielcl turns to zern 6n1y at t1·1o rr.ints rf' t"" 1irH: 

sphere. The cosine gwiCes of thE'Sr poil".ts ~re rlefiner' hy t~e Pnu:>:ti0n 

DiX!.l{f-vJ-v1(fr'-+ j:D/c)= 0. I 

~=j);el/{f(+ jD/c) 
of (6) 1n the for~ 

in which to different signs there correspond two hrancl'es of' rw1r.etic 

field neutral' line. Varyin<J parameter D within. tl]e limits [O,+oa] 
with respect to (3) we can construct;; neutral line f'C1r any nre-set l"nsi­

tion of charge on the trajectory. 

:·il'len the particle is !l'OVing rm ,the s<:.>ction with 

R-j 
ture r-v , the distance betHeen the bri'lnCheS Of t\'!e net.J.tr'11 11n~ is 

"'Rita 'in the u1trarelativistic c~se, which coincirl~s l·•ith· t'":"! c~~-

racteristic wavelength of sync~rotron radi-:\tion (curvature is assul"etl 

constant on wavelength Z R./t ). In the em S>>'(;» 1 
(7) 1-1e have sign'11S forming neutr~1 1in~ + .:.t ,Jl/''-t ,i.e. 

' -j 

are in the cone of synchrotron radiation with the expan~ion ans1e """[; 

directed along the particle ve1oc1ty at· a delay point; As is menti0ne~ in 

'[9}, here the magnetic fie1d neutral line !'!'arl<:s hioh-ener!1e:tic .lf1cal1zi'!-

tions of field in space. 

Figs. 1-4 present ca :culations perforrnerl on ~ CC1f1'1ruter for the 11Pttt-
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ral line of magnetic field of the charge unifo~ly moving ~lon~ traJectory 

given on plan·e ( X J ~ ) by the equation y = ,si..n..,x . The fo1lot1intJ 

values of Lorentz factor were chosen: '{; ::: 5; 2; 1 .. 5 ; l.nF, For r~ S 
graphical presentation of neutral line 'on scale cornp<~rable \'lith cl'laracte-

ristic sizes Of trajectory_ is 

of s~a11 geometrical quantity 

neutral line for r :::5 are 

somewhat complicated because of the arpParance 

rvR../y; 3
. In Fig.l the branches of the. 

indistinauishable. At ~:::2 (Fig.2) there 

arises small-scale structure of magnetic field of un:fulator r<t'"'iation - the 

relativistic 

charqe moves 

r -regionS are COnCentrated fp thP clirect'fon of !'1nf;fQn {f;he 

from the right to the left anr. at <1 oiven instant n~ ti~~ is 

near the origin of coorclinates). The C-'.ISe ["" 1.!' (Fiq.-:t) is 'ln.:~:lonmJs 

to the case r'" 2. For the nonrP.lati1fistic !"lOtion 

the structure of neutra.l line essentir~11y chancres, 

'{ "' ! ,nF (Ftf,."'. 

~i~fusion of s~a11-sc~,~ 

structure tOlkes place and asy;mJetry of lines density in the ~ral•rin<" r~~nre 

and behind the particle disappears. 

Oeterminin~ succession of zeros along tangents to trajectory ~n~ c~n. 

in principle, obtain information on spectral composition o~ ffel~. 

It is interesting to consider field of th~ ch<.>rre rnovin('! a1ong tra_iPct­

ory of "an eight'' type, when the inflection points nf tr~jl?\tory coi!'lr:irle 

at prolonged motion. Fig.5 shows neutral line of ~!!(}nf'.tiC ~iel:'l o"' t.he ch?'"n~ 

ufliformly moving along traj€ctory· paral!'etrized on rlane { '/(, ~ ) t-v tke 

equation" X=SLrux , ~= sLn..~o<.. , t~S Toe circ1es 

corresponding to the turn of one of the neutral line !'-ranches llrf'un(' t~~ in­

flection point are connected by two indistinguiShllbl€ at the ~1ven sc~1e 

branches lying in y; -regions. 

The correspondence of the neutral line points tn tr.e trnjector.v Sf'Ct~rl'S 

can be obtained by drawing tanaents through the inflectior1 noints. ~t t:~~S"' 



.. 

points si~ncls forrnin~ the neutra'l line are emitted 3.lon~ the tannent ..,.nr-

1·:ard anj bach:ard in ":!ie direction of notion. 

"TieC:" to the charge, pictures of the neutrC'l lin€' of l'l<!onetic fi.Plr:! 

are of interest 'Nhen solvir.:J the rroblers of coherent .;orlrlition of ~ie1-:ls !"If 

many particles in 1ir.1iter:l vohtrres [10) as "well as ~1hen determininq ontimal 

Jirections an~ local sites for devices to obs£rve fi~lds of beams with oiven 

configuration of particles. 

' 

Force Lines of :-lagnetic Field. 

Magnetic field of the charge moving in vacuum is expressed through 

electric one 

[R) 

--'Jo _,., ~, __,., 

via vector D=Dcv1e1 +'))zez +V3e3) r!escrit-inr: il 1i..,ht S!'"ere ~dth 
rac!ius .D . It follows frcr.' fO?"MUlr>. (<~) that the magnetic field vectrlr "is 

tangential to this :;phere for arbitrary !'!"..Ction of the r:h(lroe {seP :..lso (?n 

The one-dir'1ensidna1 tl)ag~et.ic field force li-ne Nhich lies o-n the li~ht 

sphe:e ~1e shal1 describe by functions 

ent. on the formal ,':'3ri'U:'1&ter 6 
V (6) , j) (6) rlenend-

2. ~ 

It fo11cws fro~" (2) tt?t ~~nctions 

"\{·{6), L. "' , 2, 3 ?.re solt..tions of tl'e system of P.qU<~tions· 

. ~~1 = v,{f( 1-/1)~ 't 2~)+ )D (/c) J 

j [ = -v3J)<ic:(l(1 -p-v,)) IO) 

~~? =:-rvf i-f);x;rJYF~'"r~<-;-v)-~jDrYc 
Jn 



The. quantities, '' r· -~ j ; -de. and D are fixed on the 

light sphere, i.e. the Eq.(9) coefficients are constant with respect to the 

·independetlt variable 6 . !~e haVe the obvious integral of motion 

V
1
2.+ .J:+ )):= 1 . Besides, from the first 1two equations on~ more 

integral comes out: 

(10) 

.where JA-- is the integration _constant. This. expi'es~ion· in space. o~ ('!irect­

ions. ( VI , vi. . ..J; ) is g_fven by- a bundle of pla~es nonr.al to _the 

plane ( Y.
1 

, Yil. ) and pa.sslng through the point ( A , ~-I , 0 ) . 
. where A-=(J"+jD'(Yc)/(J~D<£(;!1.) . The Intercepts of t~ose planes. 

·with the_unit sphere- a .variable.-radL:~. circle- detemine "orce lines in 

space-( v1 ·, ... YL ' v, >_..Increasing tht ... adi_us of the ~nit sphere in this' 

spate up to D and matching" ft.w1th the corresPonding light sphere \ole 

shaH get-the forin of mag~t1c.f-teld force lines fn real space. 

l~.fs essential that the. point ( A , ~-t, (} ) In the space 

( y , Y • V
2 

) al,..Ys lies outside the unit sphere, I.e. Intercepts o 
1 ~ J . . . 

the plane b~ndle·w-tth it t4ke_place for the limited interval of the values 

of jJ- : 

:Di1!/f3(At~l1+(A f'(JZJs.t~P~JdtAt+fMAJ[f) 

For the values of 'jk . at the !nds Qf this 1nten~l the planes of ttte 
bUncpe iduch-the SPhere. As 1t should-be expected, Jllagnetfc ne1~ is zero 

at relevant p01nts of space. 
In Flg,6 the Intercepts by the bundle planes cit the unit sphere at 

'l/J • 0 trir two values df A {A<< 11 A>~J) are, shown. The case 

11 
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A>"> 1 corresponds to fie~d ~bs~~vatfon ~ear t_he c.harge {smal; D 
cr.tc rectilinear rration of particle~ ae·l:SO , A......,oo ).-The case 

A<< 1 . corr·esponds to no~iceable distortion of the -Field Dattern. 

~iote that for any art:itrarily slotter motiOn.along curv1Hnear tr?jectory 

{ } ~ 0 . ~ "f'- 0 } there may alWaYS harpe~ Sucl'l rlfstances 

])» 1/f i£ j) . for which A <:<. 1 , i_.e. curvilinear st:ruCtur~. 

of-field will be noticeable. 

Force Lines of-Electric f_ield. 

To construct force line:S of electric fielc:!, note that they n.;~ss 

through all light spheres that correspond to the- given trajecto~y of.~­

tion. In~ed, the scalar product of vector .J) <"Lnrl the electric ffpV 

vector .f 

(11\ 

never Yields zero. This means that as a para~ter descrihin9 t~e'force line 

of electric field one may Choose a 1 radius of 11ght spheres .D The 

vectOr-.radius a . connected with the force line, we look for in the form 

{12) 

where Vt =)}t(D), vector %(D) describf"S the char~e lfiOtior in 

the opposite direction. Differentiating expression (12) 1-dth res!'lect to 

1-.re find 

12 



.~ .. · .. · .·.. . 
~:: e;N+Dt-fjt +v7.p~-v3j<r)}+e;(v,-j+ 

. . . (11) 

. +IXfg -vt,P<£))+~'(Y3+1X1/J+v,j'l)), 
where if is'' orbft .twfst11ig at the ~clay Point. · 

. . The components of vector -da!t~.P . are ·pr~port1onl'l1 tp those ('If 

/ 

electric field (curly bracket in (1)) ff the fo110101n~ relations hoH: 

d v1-:::: _,· · ,_r'v.a + 8'{)13 +J2~r'tt'-V:J-~ ~ 4, 
dJ) . .r o · )( dD 

d.vz.=J;~,r.'\-laef2"-tv2+t-~: jf, 
d.fJ . ·. . . . .. !"f . . 

(14) 

dv~=-J'T:V., _17.iJP;'tv1v3;.. v,.:v3 dt , · . 
dD · · ·If J.D · 

where! • r: I CR.' ~ -"'· ate in ~he. ·general Ca~e funct1oi'ls -Of' ·p 
For quantittes 1.11 , v2 , v,· agai~ the.· relation 'V:+{+v~=1 

holds. 

In scnie tases Eqs.(14) detenilining together with (12) the force 11~e: 

of electric field of arbitrarily movfng -tha_f"'?e can be solved exJtHcitly .· 

A. At uniform motfoft of charge along arbitrary rlane trajectory 

f{==/)1 
d(/r/..D={), ·~,.iJ!!rDJ): the dependence of coe<fic1entsl. 

fn. Eqs .• (14) on ]) · can be eliminated replacing the .independent var.1ab1e 

of the form 

(15) 
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. ~ . 
Such replacement, generally speaking,· holds on.·-a s1gn-def'1nfte section' of 

trajectory. thel-~fore further ·we· suppo~e- . at._ >0 . H1th_ re~p.ect: to (15) 

we have one more integral of motiOn: 

(16) 

where ~ is integration constant. The latter relation-determines the 

fonn of the forc;e 11n:es. in space of directions ( V1 , ..J.z.. V,., ) . Just as 

for magnetic field, these circles are formed fn 'this cas-e by the interceDt~ 

of' unit sphere .b; the b_~ridle of planes passing through the point (01J .. ~O. 
with the axis directed ·along the axi-s "Vt · (see ff.g .7). In case of'. electric ' . 
field·, ~osfne guides are fu-nctions of ·D , hence the s~ape of' tfl~ -force 

lines in real space depends on the velocity of motion of vector ( 1)
1
(1)), 

v;IJJ, v3rl>;-·} along the_c1rc1es of the unit sohe~e fn space 

( -y1 , "'~ , v3 ) . 1Hth respect to (.16) we fin<! functions V;_CD) in 

explicit form 

(l7) 

14 



-where 

(18) 

Here 'f'o is a· constant characterizing the phase at moving along -circles 

in sp~ce (V,,vz.,v3);-r~JL~ r . Formulae (17, 18) beinq sub­

stituted into,_ (12,} yield the shape of force lines in real spa~e. The case 

JU;=.;:y is d1sting:uished, corresponding tt;J touching of the bundle 
" 0 0 + -1 ~lanes with unit sphere, when v., == , "Y2. = J, Y,_ =-d 

Excluding this .case, vector (v1(D), y2 (D), v3(D) ~oves alon9 

the drcle~.in spaCe< v1 ., Vz (P_--.,3 ) executing a.complete revolu~ion 
at changing the quantity pi) b a?.(lJ)dJJ by 2 :rr: . The latter is 

zero at ~~ 0 or at <1!,=-D (resting or rectilinearly and uniformly 

moving charge). The force lines in this case are straight, followin~ ~rOM 

the charge. 

In the ultrarelativfstfc case fnr trajectories with nonzero lower li~ft 

ae the- quantf·ty j 1s a fast-osc111at1ng~func_t1on of D ·. ,i.e. the 
-1 force line's -acquire small-scale (as compared with .Z, ) structure. 

For Uniform motion of particle along cfrc_le (synChrotron radiatiOn). 

functions lJtfD) are periodic over D with a per.iod. '[)
0 
=:.2ffj>/f:£[) 

It is interesting to consider the behaviour of forCe lines 1M the orbital 

plane. Taking in formulae (17, ;18) /""=0-, ~ ct!-
1=R- we find. 

2} . 1-Jl· 1 'fn( rs 
v1= 1-r?;. 'v,= 1+ !~' J =-f!1+Jr? ?.!?. + 1o) 

Here for obviousness we have turned from the radiu's of light sphere to the 

IS 
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length of trajectory s~ ']) R \ is the circle rat:'fus. Tt-e flUi'lntity 

~ in the ultrarelatfvistfc case is small as cOMpa~ wft~ unity a1~ost 

durin~ the 'whole interval of periOdicity S0 =21TR/'( excePt its ~~s, 

where fa( rsi2R + '!o} turns to infinity. The interval o( negative 

.Values AS -:::f!/( 2 
• correspondi_ng tO the un1im1te~ increase of.J 

is far less than the length of periodicity S0 • This !!leans that the ~orce 

line is formed basically by signals with ".t close to unity, 1.e. the 

given part of the force fine represents involute of tra~ectory. On the ends 

of the interval of periodicity the force line executes a revolutf~ around 

the particle and again closes itself on the trajectory fnv.olute. 

·Note that the quantity S0 
is of the order of the synchrotron radi­

ation formation length R/"( ('ul , 1.e. the latter acquires obvious 

geometrical me"aning~ It is essential that ft/V"' contains smaller scale 

'/, 2 0 
of Ll S0 ~R./ '[ . 

B. Eqs.{l4) can be solved~also for arbitrary ·r~ct111near 111ction 

( at!. =<t;=O ). The force lines He in the planes passing through the 

., motfon axis; s~ the pattern fs azimuthally symmetric. Having chosen for 

,. deffnfteness a s_emi~·Plan~ v3 ~ 0 t I .,1. ~ 0 we sha11 derive for the 

electric-field force line an equation 

~ose sQlution yields 

v.--({? 
1- '((1-pvo) ' 

(20) 

(21) 

where v
0 

~- const. Expressions (21) are written in such a ~ that for 

'the resting ~t...a_r--~ __ -deteMfti~ ~-~11ni_t1on of the_fort:P 

16 



lines relative to the fixed axis. 

For ·the unifonn rectilinear motion C r "" const) 

present straight Tines with the slope tangent of <P 
the force lines re­..... , 
to the axis ~2 : 

(22) 

where 

Note that the general expreSsions (21) agree with the part1cul~r case 

of uniform mo'tfon ~1th velocity jump consfder~d earlier ( ::t] ._ ..... 
\·lr1te down the expression. for the vect():---ra11us a <1escr1t'linr, the 

force line of the rectilinearly moving uniformly accelerated charse 

where }o , ;(o are yelocity and Lorentz factor· C'f th~ charge at the 

instant of obs2rvation ~ , ~ .= const. fts a parameter oivir.g the ~orce 

_line we'have chosen·the particle velocity .:} at a_;e}ay ins~ant of ti~e: 

}3o ~ f < 1 . The coordinate along the axis ~1· at f'-. 1 
comes out to asymptote 4 "'r(f+ YoV(I-v.,) ' the coor~inate alene the 

-4.' 1 . 

e'1. axis tending to - }ot•Do ... , . 
out. of the plane· normal to e

4 
a'nd 

from the charge. 

, i.e. the force lines ~o not esc?.~e 

located at a <!ist?nce' of D0[of11
0

) 

C. Eqs.(~4} .can be solvec! also in the case of uniform screw motion 

with b-listi~;~g. 1:. proportional ~o trajectory curv:~ture iL . ~'ithou:. 
' ·\W'lting oo,.~t forn;ulal;! for force lines in. real space, note that in the sracf> 

~· 
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of directions (.Vi , Y;~. 1 Y3 ) the latters are determined by intersectiono 

of the bundle of planes of the unit sphere. The bundle fs ~ormed by planes 

normal to the plane ( "-., y~ ) and passing through the point wfth coord-
1 . i 2 . . 

inates ( 0 I ~- I- k f>- ), where ~ r is the 'proportionalfty const-

ant between 't and ae. : 'i: = k r ae . 

. Conclusion. 

An obvious pattern of field o~ f!lovlng in vacuum chaTge given ~Y force 

lines is a valUable addition to the elec:trodynamfcal pl-oblems where the 

spectral or Lienard-V~chert approach for the definition of field fs used. 

Apart· from that, the_.def.ived in ·the ~rk formulae for force lines of· the 

arbitrarily moVing-.charge- may be of _self-interest in a number of prohlems. 
I I . · 

The preliminary analysis of field geometry for separate charges fs 
, ' I 

essentf.al in detenilfntng collective forces of i':'teractfOn in relativistic 

beams of acceleretors_and ~torage rings. It is well known that the eigen 

fteld- near a- p~r~icle may·be· approximated by the field of the uniformly' 

and rectilinearly moving c~arge .. -.The region of. such Coulomt)'fie.lds is 

essentiiilly aniSotropic - its fonn d~s on chiracter_istics.·of exterrial 

fields and particle energy. As a cr1ter1on of distortion of. Coul'ooib fields 

may ·serve in this C:ase tht·de~1ation nf_~lpCo:trie -ft~ld··-force Jtr1eS from the 

stJ."afgh.t Unes sttl"tingc·from the charge. Characteristic ritfo of ·dimensions 

of Coulod> regions of separa~ particles· to, the average diStance between the 

particles de~ni!S the Influence in trajectory cumture on s._ry 

Lorentz forces In the -· CUriabwe of tnJectl>i"ii!S is es5enti~l If the 

gl- nitfci ls·JIU<:tlles~ it.n uMty(l2,13}'. TliUs, for t~-<!li!tt ..... stm~ 
ring lmA (n),d~tittmstic dl-ions <If teutiiiib fietds "4l.'f -z .... 

""' 2.6. io-5 t.. w..eu an II1H!i'lli!i<! d-tsta~ til!_~ P!ffictes """ 3 • io~.,.. 
18 



It 1s also essential that outside Coulomb regions t~e· lorentz two-particle 

force does not contain inverse_ powers of '(; ocCurring_ in tnteraction nf 

particles in rectil.inef'lr. beam~.[ 151. 
By means of constructing force lines of.a sin9le charoe one can finrl 

trajectories of particles yielding interference ma~i~a o~ fields in the 

given regions. Such problem for obtainin'l the Col-lerent SYI'!t::~rotron r:=!..-lfation' 

is considered in [ 10] 

Frcm the foregoing analysis one may determ~ne corirlitions under whicl-1 

a distinguished in space circle of arbitrary radius woulrl be -Force line c-f 

ma!;netic field of all particles of the bearr at. SQfl'e inSta~t o~ ti"'E'. ~~;clot 

interference.l'1a~imlm of field of toroidal type can h'? obtcine~ ry ~or!u1atinn 

cf monoenergetic b!=!arr in uniform magnetic -~''il'ld. · 

~cte that the obvioUs pa-ttern of field rr!f'!ht be helr>fvl r!lso in snlvinn 

elei::t'rodynamic inverse problerrs, i.e. Nhen acc,.,rrfin~ tc the niven confirour~t ... 

ion of field one should find the current which produces that confiquration. 

The autho.rs are deeply indebted to A.Ts.fl"".atuni for his attention to 

the ~10rk, and to G.J!. .. ~!agorsky for the nu_rnerous helpful rf1scussions an.:' sti­

HIU1ating· remarks. 



Fi:;.l. :-:e:..~tra1 line of JT"agr.etic f'ie1C o~ the ch:o_r:'e -ov1r.-:- rt1rr.~ 

"sinusoid" r =·"5 . The r~rtic1e is t'lOVin:' &ro~ •h<> r"ir;ht 

to the left and ~t the ir.st3nt of ohserv~tion is "ein'1 ne~r 

th€- origin of coortiinot<'s. The !--ranches o-r ne>utr~1 11.T'e 11r~ 

ir.Cistinguishi!ble l'lith1n the 1i~•i':s o• ( -rc..,ions. 

Fig.2. The sa~1e for· r "'2 • The ,relativistic t-re:ions 

concentrated in the i.!irectior. of E:ctior. are seen. 

2n 



Fis,.3. ~ht: SMtt; for '(; ::: !.S. :.~i.:ll-sc.-:c s":t'JC:t~rf' ,~r 

:..nGli1J~or ril~lhtic:l is .:cnsci'/tl'. 

F i ·:. 4. 7he 58!':1~ fer ::: 1.0&::. ~~or.rPlativist.ic r·rtion. 

Diffusior. of 



Fig.S. ~!eutral line of r:asnetic fielrl cf the ~h"!r~e movin!l 

along trajectory of "an eight" type. The circles 

corresponding to the turn of one o7 the n~Jtral line 

·branches around the ·inflection point are connecter! ty 

two branches inc!istinguish.~b1e at the given scale. r~s 
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~' e, 

A, 

Fig.6. Force lines of rr:a!Jnetic fie1>:' of artdtrari1:!, · <'"ino 

charge in ,space- o~ dirccti0r<S 1-

A "''::1 corres~on~s to essential distcrti0n c~ 

the fielG rattern, AZ >> 1 corresponds tc 

observation of field near. t~e• .. Chilrge or tQ 

:-::::::!"ilinear motion cf the· particle. 

Fig.7. Force lines of· electric field in space of 

directions ( -v1 , s V2. , .Y
3 

) cf the ct:arse 

uniformly r.10ving along plane trajectory. 
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