
HHJlEl(C a4 

I 

j ~·11. 
EPEBAHCKHA «P.H31i1YECKli1~ ~HCTHTYT .. 

> 

Preprint YERPHl-1163(40)-89 

brli'lU\,I' 3>1'21'l4USI' l'\,USf'SOi'S 
EPEBAHCKl--1Pt ct>l--131--14ECKM"1 MHCTl--1TYT 

YEREVAN PHYSICS INSTITUTE 
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S.G.ARUTUN IAN, M.R.MAILIAN 

TW ELVE ILLU STRATIONS Of THE SYNCHROTRON 

RADIATION FIELD 

UH HJ.-Li ' '1 \11rncf>op :-.1 
EPEB:\ll - 1%~ 

... .. .. 



l11l111111q 1~ I• • I IP ~I ·11• )-89 

U.<\.. <.Ul'flM.tO tl1>1,0U1., II Jl, 11 IUH'I OU t 

U1'\,&!{'0S{'fl \,U6 t-\, ~Ufl.U'lUoi.u u ,, ·11u;m• n u111, 11f'l11ll• ' ' ll1S l1 l;{'\,b{' 

Lnpl;ug-t1ntJ.wppwlnn t1tltmr1wl1ml1 11u17111f1 1111li11r1iil.pf1 '"'''"'I·• 1u11tv 

umwgqh[ t!.r upu11pnmpnuw11Ju AwnwqU1JJ<11lu1h 11111 7111f1 11111q11111l11ilpuh 

U{Wmltt.p\Jhp: 

© 

IJpl.Iwlrp :j>pqpltwip p\Jumpmnw1 

IJpllw\J 198 9 

llanpu .. NI HJ'HIO-llCC.ff.llONft .. CHI If~ .......... 
M ttXllKC>-•OllOll•UCl!•X llCUU.oaD•I llO in'GMllC!I •e,...e 
"THHH ( llHHlhnOll-cioa-) 1189 r. 

Electromagnetic radiation is. as a rule. related to 

plane waves. Expansion of the synchrotron radiation in plane 

waves contains ~y3 
harmonic s. where y is the Lorentz-factor 

of charged particle . The characteristic length of radiation 

formation of ~R/r is much shorter than R - the radius of the 

particles trajec tory. 

The use of Lienard-Wiechert formulae of field (see. e . g .. 

ref.-(1)) allows us. first. to follow the field formation from 

a Coulomb to a radiating one. second. to localize all the 

radiation harmonics in the space . . As was expected. there 

appear fine spatial structures of field with characteristic 

sizes inversely proportional to the spectrum width 

(y-regions) . The force lines allow us to "visualize '" the 

field [2] . As is shown in ref.[3], a successive introduction 

of systems of such lines allows one to rewrite in these terms 

the electrodynamics of orthogonal fields. including the 

Lienard- Wiec hert one . There is constructed a system of force 

lines by which the charge field tensor is restored . In 

ref . [21 illustrations of the field lines in the orbit plane 

are presented. 

In this paper spatial illustrations of the synchrotron 

radiation field of charges with Lorentz- factor r=l.5 are 

obtained. The figures given allow us to present the field for 

large y as well. including the characteristic values of 

electron accelerators. 

1. The system of Lorentz-covariant field lines of . a 

charge moving round a circle with radius R is writ.ten as: 

Xµ(T ,a; c ,c ) = R{o.cos(3o + (T-o ) [v cos(3o - v s5.nfJo] • 
1 2 t 2 

sin[Jo(T-o) [ v
1 

sin(3o + v
2 

cos(3o], (T-o)v
9

} , 
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x is of the spatial coordina 

t.ra.j e ctory centre. ~rpendi.cular 

a=ct' /R are the current and 

R/c. l'=<l-r-2
)£/

2
• At a fixed T. v. 

magnetic field linee in a thr 

n c
1 

varies within 0.2n and c
2 

within 

fill up the whole irpace. Th 

one encloeed 

c
2
=cons t near 

in another. 

orbit plane corresponde to th condition c
2
=0. Without 

~eneralitv r is taken equal to 0. 

2. The synchrotron radiation electric field lines 

rn in the orbit plane is presented. e.g., in ref.(2]. It 

interesting to find out the behaviour of these lines out 

of the orbit plane. 

In Fig.l 24 field lines on the surface c
2
=0.5 are ehown. 

But it is hard to realize these non-plane curves in a 

hree-dimensional space by their two-dimensional i ma ge on the 

illustration plane. The linee pattern becomes visual when the 

unseen areas of the surface are removed. For this p1Jrpose a 

~rogram of illustration of complicated t wo- d i mensional 

~urfaces has been written. We could not use t h e existing 

>rograms. because in this particular case the s urface is not 

4 

clearlv defined. but is given by the coordinates x . v . z a s 

functions of o and c
2

. Reduction of such a dependence to the 

standard form z=f (x.y) requires solut i on of a great number of 

transcendental equations. It is convenient to use directly 

the formulae (1 ) . 

In further cons i derations the surfac es were pro~ected at 

different an~ les e and <P on a s c reen. where e is the angle 

between the z axi s and the screen plane. <P is 

between t he particle radius-vec t o r at the 

observation and the x axis of the s c reen . 
• &C 

To separate the areas of the surfac e c2 =const 

the angle 

moment of 

seen and 

unseen on the disp lay screen. it was s c anned by the sections 

z=const or by the c ircles o=const . At scanning the maximum 

value of the coordinate zmax on the axis z which is normal 
S C ~C 

t o the s c reen and directed to the observ er . was determined 

for each c el l o f th~ disc rete s c reen grat ing (whic h is 

determined either by its resolution or c an be purposely 

enlarged ) . By inc reasing the number of s c a nning l ines and the 

points in them, we a chieved a continuous image - each cell o f 

pro jec tion had been scanned at least once . The data obtained 

( the values o f z:: x in the corresponding c ells ) were written 

in a file. A sec tion of the considered line between two 

successive po ints of its parameter. was displayed if at least 

one of the ends of that section satisfied the condition 

lzmax_ zl l <EPS. where zl is the z coordinate on the line . 
~c ~c S C S C 

The preliminary patterns were obtained at the same EPS for 

the whole surface. There is the f o llowing disadvantage 

connected with the fact that the surface 

narrow regions of spatial localization 

scale R/ y3
. To remove the unseen areas of 

c
2
=c onst contains 

of radiation with 

such regions. we 

had to decrease EPS. On the other h~nd. at such parameters, 

the lines near the caustics of the surface c
2
=const bec ame 

discrete. where the normal to the surface was perpendicular 

to the z•c axis . Decreasing of the parameter step 

line did not help. because some of its ··sections 

along the 

completely 

fell in the periphery of the corresponding screen cell. where 
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To overcome these difficulties. EPS was varied a5 a 

f unction of the normal "s inclination 

relat ive to the z axis . 
~ 

The normal to the BUrfac 

ande to the eur:face 

was deterllilned t;be 

vec t or p r oduct of the tan~ent to tt.!o· 1 ine diep. 

t angent to the lines cr.::const 

an:t !:he 

.,eri~ by:-

the levels z=const I. Tb 

numerically. and the second one - bv 

follows from ClJ: 

-
.:._ 

def hied 

nicn 

;; = 1 ' c • « ... - r~c,, " __,,. • r-z z z ~ • c o""'''"' + ,, ••_.,,_ 71-c- • ·~;>'!"'..... ... 
z 

~ z 

«f-'
2 

- .f1rc2:;-~ » :a;iJll.'1'c' - :-._ cc·z{1;v. ;~cz"'• ~ ~ 

EPS w-as =b.6tii.1ttttted lb>lr: 

D'S = ll!l"OO H+lk ~-~ iii z '/ / r.WZU
2

) • -
. ~ ~ ~ 

~2> 

'l!'B:De Jll'3l.lr\amoeterz ll"'".JJ!. lk. ll!PSJl ~ clioi~ 

1tihle cawrt.ic « Iii ; I <;:£?S1 » tw e:li.iim ill>:f '11th 
'= 

a<IllditimnaJLlw cbeclked ~ t:lr~ ~- :tov 

negative were =t disp13\Y~ ~~ 

c~iaon o:f z- nth z' -
'~ ~ 

-'.bri~llw. ~ 

~'It n,..z_ -
f41'1,~ :t.'11t Nc'-

'11tM n;:a:oilt:z: cif: 

The propoised alllWJ"itt. ~ ~ w liJe carwemt~ i!i!ll!!<:I 

when illustrating surfaces one ~ldli~ n..n-. 
correspond to different valuel5 of c

2
• ~ ~ Ille 

values of z:'::, from the files COl"J"e~ing: to> ~i:f•~ e
2 

Cdenoted by the indez ii were c~red 'f&r each as~n e~ll . 

The thus obtained inforr.ation Eobou't- th!< ~omt>i~ sm"face 

points near est to the obzer.rer. was written in it - file am 
t hen "was used to illustrate the $ield lines. 

The results of the work of pro~raaa are 

1-12- r=l-5 for all the patterne. ~ith the 

13 

:1-n in P:illOa 

Lorentz- facto'?'" 

increasing, the characteristic "arme" of the y-regions become 

knife-like . 
The illustrations of the electric 

1.2,4,5,6,7,8.9.10), the levels z=const 

a=const (Figs 11 , 12) are presented- In 

field 

CFig_3l 

Figs 5 

linee !Fii;ta 

and the lines 

and 9 the 

electric field lines in the orbit , plane are also shown. 

Surfaces one enclosed another and correspondini;t to different 

values of c
2

• are aleo illustrated (Figs 9 and 10)_ 

For clearness the z axis in Fii;ts 3~12 is scaled up 

twice -
There is seen a definite progress in Figs 2-12 ae 

compared to Fiit-1. where the field lines are shown without 

removini;t the unseen areas-
More detailed explanations are given in fiinire captions-
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Illustrations of electric field lines on the surface 

c2~0.5 . The angles e and~ are equal to 7n/24 and 

19rr/32. respectively. The particle trajectory is 

marked by an arrow. A field created by a particle 

moving along the local section of the trajectory 

shown in the fii;nire is considered for clearness. 

Intersection of the projections of different sections 

of lines on the figure's plane makes it difficult to 

present the surface on which they lie. One also fails 

to follow the behaviour of the field lines. 
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Fig 2 

;-·~=· ' .... _.,.,,, ."'" 

''· 

•.< -~. ~-' ). r.,_;_. 1' 

it io. 
To show the surface formed by the field lines. 

car ·ass 
necessary to stretch an opaq{1e film on the 
formed by these lines and remove the aI'eas whicb are 

not seen at pro.iection on the fii;nire ·E. l ane. 

Comparison with Fi~ . l reveals the advanta ~ of 

removal of the unseen points of the surf ace ( 

are the same l . 

and ~· 
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The seen and unseen points of the surface are 

determined by scanning. For each point on the screen 

the point nearest to the observer is separated cut. 

The scanning is performed. e.g. by the sections 

z=const which are just shown in the figure. the 

surface being seen quite clearly. c
2
=0.5, 

~=19n/32, z =1.5 R. 
8=17n/48, 

max 
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Now on the surface c
2
=0.5 one can draw electric field 

lines. cutting them off at z=L5 FL The 

characteristic bent "arm" is the r-region. Here the 

fields are most intensive. 
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Figs 6-8 Remember. that decreasing of the parameter c 2 draws 

the surfaces c
2
=const nearer to the orbit plane. 

and its increasin~ makes them narrower and more 
Fig.6 c

2
=0.3. 

r; in Fi~.8 
extended- e and ~ are the same. In 

zm==l.0 R; in Fig.7 c 2 =0.8. zmax=2.2 

c =0.95. :: =2.7 R. 
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Figs 9-10 The whole system of field lines in the space can 

be represented as a set of field-line systems on 

surfaces one enclosed in another. Near the charge 

it is a system of cones one enclosed in another. on 

which straight field lines are lying. 

the surfaces from Figs 4 and 6 

In Figs 9.10 

and 4.6-8. 

respectively. are enclosed one in the other. 
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Figs 11-12 It is interestin~ that the surfaces c 2 =const are 

formed by circles corresponding to o=const and to 

the variation of c2 from 0 to IT , Such circles are 

shown fer the surfaces c
2
=0.5. zma.x=l.5 -R CFi~.11) 

and c
2
=0.8. zma.x:::2.2 R cr:ig.12l . 

14 

~ ,. _ 

Z. 

::t· __ 

4L 
~· . 

iiife1ifff31tffifll .......... 

~>fl"lllliE5illilil C .. llL.- H5\:i11r:;:pnim'1i1 Ill'.": . .&.. ~r:m111 inl!Blli:ll.illl!lllllmrurmt1 !ff'. 

~!O'.ll!l'limr~ l!!ll IH!liti[1'JJl!llDUllllElliVli::" .. ·~~ •.L J:llRE!!ll'ill~ 

ll'llti'lli::i!'1"11J'El'.:::llUffiJlll1illl DmJl::lllmllUI "-i1'ii!l:.-m=. iiijp.·,,llll]HJ!nllfimr l!E;w~~(!IJ!IJJ»-ti!i.IJ .•. 

Ejp:eicB'aElil- ]l;J'tffil'I _ 

~'71:11lw.;mn c:_ r-·.. .ID!lml!WI .::;;~;·~· rn11:r11m llJitT.JiH::Lllro.illll:ltii!l! 

;l!f!'lifill("~lii I![ ffaiK.',-;"!m!E: 100U4!E.~llfl ~Blll!llCl!JfDI 'Rf'ie.lll>lllll!lll. ·m. .. 
n"11i:£L Ji:5J.'JIJ •. 3. -M5r~ .. 
~ $:_(!;; __ Hill'lll!tmiiiEa!n! HBLHJil.' ~oiill.! Hm.Jll::uF 

~i!l::il[ dB· iii~ ~ i!!"IJJmi!J:e' il1.iiianES!.-... ~lll'1lllrnt:., 

~-9f.iM1« 4l!! )11-lfim . ~~- .lll:lmlW:. 

iitcr=ll!' lilt.. Hf. OCdim: plffr";>J<E"Jf i!l!8lllll!U!lel. !!lit •. ~::;n.. lltl!ttlJIJ. 

~11£! a.. Efkirni;r,;;;m:• m. ~ 1ll'J!R11'11m:att. nm.... m11r,. 
t.'lff.'77 -

~ !U.anmJ!JjlFl1"'1!jjigJtt --~ l!ll!il;,,· JllllL. '!!!lllt'.Jt• 

l1E 



c.r. APYTIDH~H. M.P. MAMA~H 

4BEHA4UATb MAAIDCTPAUM~ OOJL~ MAfHl1THO-TOPM03HOro 113AY4EH11~ 

(Ha aHrnHHCKOM H3~Ke. nepeBoa r.A. nanHHa) 

PeaaKTop A.n . MvKaHH 

TexHH4eCKHH peaaKTop A. C.AopaMHH 

noanHcaHo B ne4aTb 27/9/89r. Bct>-02109 

O<i>eeTH~H ne4aTb. Y4.H3a.n .. 1.0 

3aK. THn. 1589 

<l>opMaT 60x84x16 

THpa~ 299 3K3.U.15 K . 

11HaeKC 3649 

0Tne4aTaHo B EpeBaHCKOM q>H3H4eCKOM flHCTHTYTe 

EpeBaH-36, vn. 6paTbeB AnHxaHHH 2. 


