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lIn solving a serfes of proﬁ1ems in eTgctPod&namics, the required spéce-
time pattern of field of an arbitrarily moving in vacuum charqe can he re.
ceivgd by means of the Lienard-Vichert potentials. Such method oleindTng
f1e1dfreduces,1n general case to the solution oflthe transcendental aloe-
braic delay equation [1] . In the alternative arprcach Fourier expansions
of soTutions of Maxwellian equations are used, however it is net convenient
in all:cases. First, 1h order to apply the spectral anéTysis, the motion
trajectory should be prescribed over the whole time interval, whereas from
the uniqueness of the delay equation tt follows that the field behaviour
within Timited volume during finite time interval depends only on local

propértigs of trajectory. Second, the frequency width of Fourfer exparsion

. of relativistic particles‘fields is great.

An additional visual informatfon on-field of the arhitrar1?y moving
charge can be obtained not 1nvolv1ng the spectral anaTysis but viz con-
struct1on of single- -moment force lings of electric and magnetic fields. The
de1a¥-equation 1n_this case s satisfied by're1evant parametr1zatjon of for-
mylae wh1ch déscr1be-the force Mnes. In case of uriform anﬂ.fect111near
mstion of the charge, the shape of those Tines ts well known (see, e.q. [2]).

'n f3] ., there is considered aTso the case of motion with a jump of ve1oc1ty‘



The Syﬁ:d—ti;e structure of Lienard—V%chert field of the rectilinearly
nasineg and oy :;:e]erate& cﬁarge is studfef either (see, e.g.[ﬂl Y. The
presont work dests with the forﬁe'Tines of field of the arkftrartly movino
charce, Yeual A7 ferential equations éefermininc the narametricsl form of
tue farce lines of electric and magnetfc’fields of the rharae at any dis- 7
a8 frow the Tatler aré found, It is prover irm rceneral ferem that for the
£ 24 frotent of chservational time the force lines o ragretic field ;e-
present eirelos Formed hj the fntercept of the srhere of sirultaneous
arriya1 of sienals and hundle of planes with the axis naralle? tostrajectory
biror-al at a relevant delaying instant of tiQe. The position of the bundle
». %5 in space 1s determined by the particle v§1oc*ty ard acceleration at
the sare instant of time.

The exp]fcit,expressions for théAforce 1ines of electric field are
ohtatned in some particuTar casesé uniform plane mdtion alorg curvilinear
trajectory, motion a1ong normal with arb1trar11y variahle velocity, as well
as ,n1form screw motion with tw1sting proport1ona1 to the traJectory curvat-
Ure., :

e.have studied separately the structure of the force lines of synch-
retron, radiation. It dis shuwn-that thelfer¢e Tines of electric field at the
ahservational roment .t qfe giveﬁ parametr1ca11y via the Hn?éyinﬂ time

't’ and st the éh@nge_of the latter execute revo{qtfdns arcund the particle
“with frequency W g“ , where 'X" 15 the particle Lorentz facter, cub
i3 the freaquency of the particle s orbita1 reversal,

The case of uqifnrﬁ1y accelerated mot1on is considered.

The characucr1st1c venion of spatial localization of high- enerﬂetic
rart of field ( 3‘ -region} of the u1trare1ativist1c charqe 1is shnwn te
‘corcantrate near the neutral line of magnetic field, The computed vagults
of estimates of the neutral line for,the charne moy*nn along trajectories
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with sign—vériab'le- curvature are pmsented. _

The furce Tines together with the reytral ‘Hne of macmetfc field pre-.
duce a visual equal-time pattern of field of the arbitrarﬂy wnv‘!ncr chame :
The results obta'!ned can be applied both to find cnnd‘lﬁons 'Fnr coherent
addition of fields of many particles in Tocal regions of space and to_ana—_ ‘
lyze collective effects in relativistic beams.

¢

General Formulae for Fields. Hulls of Maanetic Field.

Let ’Zoff). be vector-radius of moving pofnt charge, and 7

vector-radius directed to the point of. obsarvation. Tt s convenfent to

' - s
. 1ntroduce the natural coordinate system, where e and e are ynit
vectors directed along bastc normal of traJectnry am‘ nartic’P "P'!nc‘!*v

! —): —t‘,
FG at a deTaying 1nstant of time Z{'__, . e take e [ ]
Then, for electric E and mar'netic H fields wa shaﬂ et tha axnress-
ions

E....
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PO‘int (t) to the point of abservation }5 D lD\ C(-t t)
2) 1/2

't' is the instant of observation time, X" (1 P is tha narticle

— 7z
Lorentz factor, X is the traJectqry,curvaturc at the point ZO(zJ .
At var1at10n of quant1t1es \) ,_3%z , \)3 . couplad by *he ralat-
jon 1 9 3 . the ent! of vector I) degeribes a gmher o
- ¥
with radius C('é f) and centre At noimt ‘?.o(t) vl ek e thall

call light sphere. '

. ,,., N
For fixed point of ohservation ‘¢ the instant of tirme 5 “erived

1

clt-t)=12-7 (), o

from the equation”

which being.substituted 1nt6 (1}:and (2) yields explicit dependence of the
field on ;Z and 1& . €9.(3) i3 solved correci?y for rectilinear uni-
formly accelerated motion of the particle. In case of uniform circﬁ1ar
motion, when the point of observation is on orbit, the solution of [2) fs
anralogous to-the Kepler problem [5] and s to be expanded in a power series
' in Bessel functions. At large x‘ the number of main terms of this serfes
f~fx”3 coincides with the number ¢f fundamental harmonics of Synchrofrnn
radiation. ‘
In.the ultrarelativistic case, (3) can be solved near the particle hv
expanding in K'-z and_'ln-smaﬂ ratio X/R— |, where X . is le'
distance from fhe point of observation to the charge moving aleng trajecto-
ry with curvature rédiug }2. . The delay equation here reduces to algeb-
raic fourth-order equation to be solyed in radicals [E]_,‘which allows, in
particular, to clar1fy geometrica] character1stics of ){‘ -renion, f.e.

spatial ]ocalization of high- energetic part of syncbrotron radfation (here



field s proportionai to 6‘ ? . Mear trajectory of motion, B‘ ;reofgn
is elongated along radius and has small transverss size in plane of orbit
MK/J" . It 1s shown that outside X“ =reqion as well as outside _

" Coulomb vicinity the field {s essentially asyrmetric and X“ =independ-
ent [7] . ' }

T}me field pattern found fn this approximation has mosaic strucfure -
closed formulae of fields take place separately for X‘#egion an outside
of 1t at- idrge and small angular deviations, Besides, presentéd.in [€-7]
formnulae do not define fields at distances comparabTe with curvature
radius R ]

A similar pattern can be built up usina one-mormentum Tines nf figld:
force 1ines for electric and magnetic fields, neutral Jines €ar macnetic
field. Note that for electric field there are no nentral naints apd Tines
at any wotion of charge. Tt t-urns out that under proner pararetrizztion,
there is no need to solve. the delay equation in order to find out *hese
Tines.

Let us study the poss'lbﬂ'uty of tur'mnq the rannetic field (2) to zero
on arbitrary Tight sphere { 70 J. Excluding the trivial case of the
rest char‘gé, note firstly that at &?-0 the field is zero over the

whale sphere if the relation

preppes0 “

holds. It 1s interesting to find moticn trajectory for which [4Y mpldg At
all values of t <t . Treating (4) as differentia® asuation wite

respect to P we find

e t"tl , 7 ' ,._‘.\,
N =T



where W‘i is integration ccnstaﬁt with the meaning of acceleration.

It is seen that (5) cerresponds to rectilinear unifoﬁ]y accelerate” motinon
of charge whose field was considered in ]:3] . Further, at \'J3'= 0 an-ts
=" #0 magnetic field turns to zera only at teo nni_nfs of tho Tiekt

sphere. The cosine guides of these points are Aefinec’ hy the enuation
Daeg(puyolpy e ppe)=0. 1
Assuming S"DQPZ/(PJ\ +P D/C we shall n-‘*t;aiﬁ the galution

of {€) in the form

v__,é—(ﬁxm) v_pSﬁW oo

?

A RN Y

in which to different sians there correspond two hranc'nes of manretic
field neutral line. Varyino parameter D within. the Timits [O "'oo}
with respect to (3) we can construct a neytral line for any nre-set rosi-
tien of cha;ge on the trajectory. '

‘hen the particle is moving on ;he soction with ﬁ 0 and curva-
ture 'VR , the distance between the branches of the neutral Yine is
“’R/A"' ‘in the ultrarélativistic case, which coinri"'PS pith the cha-

r-ac.emstic wave‘length of synchrotron radiation fcurvature is assumer

constant on wave1ength P R./X' J. In the case 5>>f>>1 , from
f?) we have --P j] X“.‘, i.e. sianals Farming neutra'! ﬁnn
are in the cene of synchrutron radiation with the expansion angle ~\6’
‘directed along the particTe velocity at-a delay point: As is mentioned in
(9] , bere the magnetic field neutral 1ine marks hich-enernetic .1ncaHzal
tions of field in space.

Figs. 1-4 present ca!culations performed on a computer for the nett-



ral line of magnetfc field of the charge untformly moving alonn trajectory
gfven on plane ( X ;y } by the eauation y='- 5Lﬂ-)< . The following
values of lLorentz factor were chosen: X" =53 2; 1.5 1.7, For 6“25
graphical presentation of neutral Tine on scale comparable with characte--
ristic sfzes of trajectory 15 somewhat complicated because of the anpearance
of small geometrical quantity '~IFE¢/3~3 . In Fig.1 the branches of the
neutral line for x“ =5 are_indist1nguishab1e. At X”=2 (F1g.2) there
arises small-scale structure of macnetic field of undulator radiation - the
relativistic X‘~regions are concentrafed in the direction of mation {the
charge moves frem the right to the Teft ant at a afven fnstant of time fs
near the origin of coordinafes}. The case H“’= 1.5 (Fin.3) fs analanous
to the case ° 8” = 7. For the nonrelativistic motion X‘ = 1.0% {Fin 2},
the structure of neutral Tine essentially chanaes, diffusion of small-scale
structure takes place and asymmetry of Tines density in the drawine befare
and behind the particle disappears.

lDetermiﬂing succession of zeros alona tangents to trajectory one can,
in principie, obtain information on spectral composition of field,

It is tnteresting to consider field of the charge moving along tralect-
ory of "an eight” type, when the inflection points of trajectory coincide
at prolonged motion. Fig.5 shows nmeutral line of magnetic field of the chavné
uniformly mgving along trajectary*paramefrfzed on plane { &3 3 Y by the
equations: X =35LILOL . (j=‘— SU’LZOK , X"=§ Tha circtes
corresponding to the turn of one of the neutral line hranches around +he in.
flection peint aré confected by two indistinguishable at the given scale
bfanches lying in }(’ -renfons.

‘ The corresbnndence of the neutral line points to the trajectory sectirrs

can te obtained by drawing tangents through the inflection nofnts, 8t these



points:signals férming the neutral Tine are emitted alone the tancent for-
ward and backward in the direction of riotion,

"Tied" to the charge, pictures bf the neutral Tine of magnetic field
are of interest when solving the preblerms of coherent addition of Fields of
many particles in limited volumes flﬂ] as 'well as vhen determiﬁ1nq optimal
Jirections and local sites for devices to observe fields of heams with oiver

configuration of particles.
{
Force Lines of Magnetic Field.

Magnetic field of the charge moving in vacuum fs expressed through

electric one
Fz’=[§*§}/l§l | o

-

via vector D':D(‘Jf_é;'*' . \) g ) deseribing 2 Tiaht sphere with

radius _I) . Tt follows frcm formuTa {2) that the magnetic field vecterr is

tangential to this sphere for arbitfary motion of the charne {see also (21}
The one-dimensiéna] mag@etﬁc field force 1ine which lies on the Tight

sphere ve sha‘l'll describe by functions Vf(6') , \)2(6) , 1)3(5) denend-

ent on the formal parameter . € . It follews from (2} that functions

xt(f;) s L =1.2,3 are so1utions of the system of equations-

'd v(ﬁ(f Dy vt pDy ),

'a'\) - : 214 o fa
e 9Dy 1), o
L%~ gy, +Daey 8 YpOr ) -) Dy T .

n



" The quantities ﬁ i x‘ s ﬁ , 2 and D are fixed on the
1ight sphere, 1.e. the £q.(9) coefficients are constant with respect to the
':1ndepende_|§t variable 6 . We have the obvious Tntegral of motion

FA 2
VZ"‘ \) +\) =1 . Besides, from the first two equations one more

integral cornes out .
+f Dx% —JaaDan' v —/u,(f fv ) (10)

where /(l. is the 1ntegrat'lon constant, This expression fn space of direct-
jons ( \) , \)2' . '\)3 } s gfven by a bund'le of planes normal to the
plane { V, . V ) and passfing through the pofnt ( A ﬁ-‘ s 0 -). )
where A (ﬁ*ﬁDrﬁ)/(ﬂ-aD&x' ) The {intercepts of those planes .
.-with the unit sphere - a. variable-rad ¢ circle - determine force lines in
_ space { 's)1 N V 'Q ). Increas'lng the vadius of the unit sphere in this
.:spat:e up to D and matching 1t with the comspoud'lng Tight sphere we
shall get-the form of magnetic field force lines in real space,
It\ 1s essential that the point ( A ﬁ -1 0 } fn the space
( v ';J \J ) always 'Hes outside the unft sphere, ie. tntercepts o
the plane bund‘le with 1t take place for the Timited interval of the values

of jua
Daaf?f(Ag— 1/'/+(A ﬁF)‘/“P&fWJ‘*ﬁ*“fJ )

For the vaTues of Ju. . at the ends of this fnterval the p1anes of the
bundle, tduch” the sphere. as 1t shou'ld “be expected nagnetfc f'lek' is zero
at re'levant points of space } .
In Hg 6 the 1nter:e‘pts by the bundle p'lanes of the un'lt. sphere at
3: 0 for two vilues uf A (A <<1 A>> 1) are. shown. The case

11



A>>1 éorrespénds to fie'ld‘ observat'lon near the clharge (sma'f; D
or te rect{linear r"otwn of partide [ &=‘0 A-’°° Y. The case
A<< 1 corresponds to no..1ceabTe distortion of the 1e‘Ie'lc! rattern.
hiote that for any arbitrarily slower motion along curvﬂ‘near traJectory
{ _p-—'0 &£ #’0 ) there may a!ways happen such distances

D-» {/(aﬂ) for which A 4‘-.1 , 1.e. curvilinear structure

of field will be noticeable.-
Force Lines of Electric Field. -

To construct force Tines of e‘lgctri;‘.fie'rd, note that they nass
mrougﬁ all 1ight spheres that correspo_ﬁd to. the g'lvén' trajector} of. mo-
tion, Ind_e’ed, the scalar product of vecfor" 5 and the electric field
veﬁtor‘- E '

- = e -2

FD= . | ', -(;1)
£D D(1- pv,)* .

never yields zero. This means that as a parameter d_escrihingj the"force Tine
of electric field one may choose a'‘radfus of 1ight spheres _D . The

vect'or-.radius a. , connected with the force 1ine, we Yook for in the form

: 2 (D)+D(v e, +1) '"-h')s 3), (12)

o . . ‘
where \)i =-"vl- (D), vector "Zo(D) describes the charqe motior {n
the opposite direction. Differentiating expression (i?) with resrect to

we find

12



"la 8(9 .D(‘{"“ngz ae—vﬁfr))+e (9 _p+
: SE N
* -diz—vﬁae))+é’(93+ 2‘-1’3”,}5'5)),

where € 15 orbit twistfng at the dday point
l The components of vector d /dD are proportfona! to those of

eiectric field (curTy bracket 1n (1)) 1f the fo't\wim re1atfons hon

d "1 = + BTV, +
papepose pApte -2 |
L
iy, |
2y~ ple \N —2
P ¥ ﬁ T et T A’
“"P“' f*mx Y, ’*’3 W dy
| d,p pp dD’
where &, Y., & "E ‘are 1n the. general case functions of D
‘For quantittes i"t . Va \’5 again the reIaﬂon ‘9 +\f'“‘\’3 "1
holds B .
. In some !:ases Eqs (14} determining together with (12} the force 11ne
of electric field of arb'ltrar'l'ly moving . chame can be solved explfdﬂy
. A. At unifom motion of charge along arbitrary plane trajectory '
¢ Q--p dX/dD=0 Z.‘-‘-Z(D)). the dependence of coefﬁcientd
1n‘ Eqs (14) on D can ‘he e11m1nated rep'!acing the independent variab?e
of the form : D )

-fx lJ.az(D)olD '_ L l_(m' j

13



Such 'replacemant generally speak‘lng,'hows lfm # ston- def‘ln‘l.te section of
trajectory, therefore further we suppose a )0 U1th respect to (15}

we have one more fntegral of motion:

=/‘(1 /Sv) | L (16)
where /.(, ts 1ntegr-ation constant The 'latter relation. determ1nes the
form of the force ‘Hnes in- space of directions () 1) } Just as
for maghetic f'le'ld these circles are formed in th‘!s case by the 1nterceptq
of unit sphere by the bund1e of planes pass1ng through the point (of 0 )
with the axfs directed along the axis 9-‘ (see_ Fig.7}. In case of. electric
f\'eld gosine gu‘fdes are functions of D ' 'hénée-the shane ef the force
lines in real space depends on the velocity of motion of vector ( '}%(D}

'VZ(D) VS(D) ) along the circles of the unit suhere in space

( v‘1 ) 1) \)3 ) mth respect to {16) we find functions '\J (D) in
epoc'It form

[ 8
K V?f-ﬁ/u .7*52'

V= ﬂ_ﬁz/uz(ﬁ/o V7'f' y‘ 1+§2. )
""3',‘*' (7fV '_ 1;§"- |

(17)
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where

_3«(11«7:;#_-2" t?[ 2 ["B(D)dp "% ]

Here' ?o is a constant character1z1ng the phase at<mmr1n§ along circles

in space { " 2.? 3) -3‘4/4-4 X" . Formulae (17, 18) being sub-
stituted nto, {12) yield the shape of force 1ines 1n real space. The case

/u,:'-.‘!.'x is d1stingu1shed corresponding to touching of the bﬁnrﬂe
planes with unit sphere, when V), *'—'0 V, = P, Vg""‘f ;
Excluding this case, vector ())JD), ))?_(D), ))S(D) moves along
the circles 1n space { Vy V3 V3 ) executing a_complete revotution
at changing the quantity PX‘ a_b(D)dD by 277' The latter fs
zero at P“ or at x-—o {resting or rectilinearly and uniformly
moving charge). The force Tfnes 1n this case are strafght, following Frfm

the charge, ‘

' In the u?trare]ativistfc case for tra‘]ectoﬁes with nonzero Tower 'Hmﬂ

R;. the- quantfty f is a fast-osciilating, funct10n of D 1 e, the
force Hnes acquire smalt-scale (as compared with 2" ) structure.

For uniform motion of part'!cle along circle (synchrotron radiation},
functions W (D) are perfodic over ) with a perfod 1) "'Zﬂ'ﬁ/(xp
It is 1nteresting to cons1der the behaviour of force Hnes in the orbital
plane. Taking in formuTae {17, 18_-) /U-:O "y > =R. we find

& 73‘2 ] - (10}
kb /+§*“ ka 7;2’5 5{@5)*( %)

Here for cbviousness_ we have turned from the radius of Tight spheré to the

15



length of trajectory Sz.PD H R\ is -th_e'circle rac'ilus. The quantity_.
E 4 the ultrarelativistic case is smal'T as compared with unity almost

during the’ ‘whole interval of peribd‘lcfty S =2:ITR/X' except fts ends,
where g(xS/ZR*'yo) turns to infinity. The {interval of negative
va1ues AS = K/J" » corresponding to the unlimited increase of ;
is far Tess than the length of periodicity 5 Th'ts means that the force
Hine is formed basically by signals with '\’ close to unity, 1.e. the
given part of the force Tine represents involute of trajectory on the ends

~ of the 1nterval of periodicity the force line executes a revolution around
.the particle and again closes {tself on the trajectory fmwolute. -

" ‘Hote that the quantity 5 is of the order of the synchrotron radi-
ation formation Jength K/ [11] {.e. the latter acquires obv1ous
geometr'lcal meaning. It 1s essent1a'l that R./X' contains smaller scale
of AS ~R/

B. Eqs. (14) can be solved also for arbitrary rectilinear motion
( aa—?;‘-o ). The force lines 1fe in the planes passing through the
motion ax1s so the pattern is azirruthaﬂy symnetric. Having chosen for
- deftniteness a semi-plane \’3 0 , | 0 we shall derive for the
electric. field force 1ine &n equation

d*’ Z,_z.‘_ilf ‘ o

whose _sqlution yields

_E By -t

V,= =y e
7 x(i P") " 1- fv ' \
where. V = const. Expressions (21) are written in such a form that for

mﬁjm ermw detemines ‘lnc'tinat‘lon of the force
16 -



Tines relative to the fixed axis. ‘
For the uniform rectilinear motion (. x’ = const) the force Tines re-
-/

present sf:ra'lght lines with the slope tangent of CP to the axis ez

Pt @

tak, =~VT-527%,

Note that the general gxpr‘e"ssions (21) agree with the particular case

where

of uniform motion with velocity jump considered ear'liér_‘ [?] .
. . T, . —p .
© YWrite down the expression for the vector-radius Q describing the

force 1ine of the revi:t‘l'lfnear'ly moving uniformly accelerated charce

; _°= Vf.'""o (:Pf'fax;)—n_ Fﬁ)-émﬁ.e ﬁ’) ;,.' (23)
Q D° N x.('f_,ﬁ.%) , e'f 1‘_on '1'8)6"2

where .. X"o are'yefocity and Lorentz factor.of the charge at the
°

instant of observation ‘C' s ,Do .= const, As a parameter aiving the force
line we have chosen the paftfc'le ve}ocjty p at a delay fnstant of time:
POQF < 1 . The coordinate along the axis ‘é"'l'I at g
coris out j:o asy:npto'te 1% =Y (f*‘ »},V(f‘»’o) » the coerdinate along the

6_2; ~axis tending to "PB&DO ", i.e. the force T'irnes 4o not escare
outiof the plane normal to é’lf dnd located at a distance of OJ;('/-"FU)
from the charge.

.. Eqs.(14) can be solved alAso ir the case of unifarm screw motion

T

with twisting L .. proportional to trajectory curvature & . |, ithou.

-writing out Forowlae for force Tines in real space, note that in the srace

4.

i
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of directions (_" V._' ’ v,,, '1)3. ) the latters are detémin_ed by 1nterjs.ect1'ons_
of the bundle of p‘lénes of the unit sphere. The bund'!a is fo‘med by planes
normal to the p1ane { \’,’,‘73 ) and passing ‘through the pofnt with coord-
nates { 0 P _kP - ), where kX" is the proportiona‘lity ‘const-
ant between T and 22 : T= kx"& .

_Conclusion.

An obv‘ions pattern of f'le"ld of mov;fng in vacuum chai;ge given by force
Hnes 1s a valuable additfon to the electrodynamical problems where the
spectra'l or Lienard-¥ichert approach for the defint tfon of f1e1d is used
Apart: from that, the derived in the work formilae for force 'Hnes of the
'arb'itrarﬂy moving charge may be of self-interest 1n a number of problems.

The pre'l iminary amalysis of ﬁe'ld geowetry for separate charges 1s _
essential 1n detemining collective forces of interaction 1n re'lativistic
beams of acce'leratprs.a‘nd storage r"Ings. 1t 1s well known' that the efgen
ﬁe‘ld near a pa'i-tfc'le may be approximated by the f‘le‘l& of the unifom!y‘
'and rectitinearly moving charge.. The reglion of. such Coulomb “flelds 1s
essentiaﬂy anisotropic - its form depends on churacter{stics of external
fields and particle energy. As L3 criter‘lon of distortion of. Cou'lomb fields
may serve in this case the’ deviation of elsctric ﬁe‘ld force 1ines frum the
straight Tines starting from the charge. Characteristic: ‘ritio of dimensions
of Cou‘lmlb régions of separate partic'les to_the average distance hemen the
partic‘les det.em‘lnes the 1nﬂuence of trajectory. curvathire on summary .
Loi'entz forces n the Isem Curvatwe of trajectories is essenfia‘l #f -the
given ratlo 1s much ess thas untty [12,19]. Thes, for the. électron storape
‘ing PETRA [14] ciuracuﬂstic ddiensions of Coulowb Figlds ~k 3" '
52 2.6 1075 ca, wherids an dwiaie dfstaice Betsén pirticies %€ 34 16,
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. .
It 15 also essential that outside Coulomb regions the Lorentz two-particle

force doeé‘not contain inverse powers of 2{“ occurring in interaction of
particles 1n rectilinear beaméi[ls-l. )
By means of censtructing force 1ines of .2 sinale Eﬁarqe one can find
trajectoriés of particles yielding interference maxima of fields fn the
- given reg16ns. Sucﬁ preblem ?or obtaining the coherent synchrotron radiation
is considered in [ 10] . o
Frem the foregoing analysis one may defermjne conditions under wﬁich
@ distinguished in space circle of arbitrary radius would be force line of
maqnet1c field of all particles of the beam at some inStant of time. Such
fnterference,maximum of fiela of torcidal type can be obtaines by madulatinn
cf monoencrgetic beam 1ﬁ eniform magnetic ield,
Note that the chvious pattern of field might be helnful also in salvine
e]ettrodynaﬁic inverse problers, i.e. when according teo the niven confﬁnurat1

fon of fiald one should find the current which produces that confiquration.

The authors are déep]y indébted to A.%s.ﬂmatuni for his attention %o
the work, and to G.A.Magorsky for the numerous helpful discussions and sti-

wulating remarks,
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Fis.1. teutral line of ragnetic field of the charoe ~ovine aleno

“stnusoid" xv =5,

The particle is moving “rom +he riakd
to the 1eft and 2t the instant of ohservation 4

-

$ heing near
the orinin of coordinates. The branches of neutral Yire are

indistinguishable within the Timits of x" -raaiens.

Fig.2. The same for’ X” =

2 . The relativistic x‘-recions

concentrated in the direction of metion are seen,
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Fiy. 3. The same for ){‘ = 1.8, LalTeseale strugture oF

sndulater rediaticon Is Zenserved.

Fiz. 4. The same fer = 1.048, MNonrelativistic metiom,

Diffusion of small scoles itakes nlaee,



Fig.5.

Meutral line of magnetic field cf the charce moving

aleng trajectory of "an eight® type. The tircles

correspending to the turn of cne o the neutral Tine

" branches around the inflection pofnt are connected ty

two branches indistinguishab'l'e at the given scale, K":j
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Fig.6. Force Tines cf magnetic field of avbitrarily ~oving

' charge in space of directions {\31 R '\)L ‘, ‘\)3 1-
/4 << 1 correspends to essential distertine of
the field paf.tern,‘ A2>> 1 corresponds e
chservation of fiéTd near.the.charge or to

»zetilinear motion of the particle. i

-t

N €2

wrbi v

Fig.7. Force lines of electric field in space cf
_directions (V;f " a VZ. ,\)3 ) of the charge

uniformly moving aleng plane trajectory.
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