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SUMMARY

PC3642 (i) Relativistic particle, a collinear with u;

’&n ct= 4
: : dij(tr) gl 4 2iaf sin’d i J’lf’ .
SRR LR cl T . ( ) ppe® (1 — Beos #)° G LT

darep

The denominator directs power forwards in a cone; 8,,,. = 1/2v (see Examples III, Qu.3).

The radiation is polarised with the E-vector lying in the plane containing a and the field
, L
point. 2L & L E, C>

s

Total power,, = d—HIdﬂ =~% % Larmor formula
|G T

An application: Photonuclear reaction studies (structure of nucleus, structure of nucleon).

High energy electrons from a LINAC (850 MeV at Mainz accelerator) are decelerated
by a foil radiator to produce a highly-focused beam of high-energy photons which are
allowed to strike the experimental target. Each photon in the beam may be tagged with

a measurement of the energy of the corresponding electron after it has scattered from the

radiator.

() Relativistic particles, a perpendicular to u: Synchrotron radiation:

1B(t 2 g2 [(1— Beosd)? — (1 — 8%)sin*fcos?o
Power radiated dA(tr) =( g ) - {( ) ( S i ]

dQ dmeg/)  ppc® (1 — Beos 8)°

The denominator distorts the doughnut pattern into a beam strongly focused in the direc-

tion of u. Beam angular width ~ 1/+.

1
Total power, = f : %dﬂ — Larmor jﬂrmulq
:PL

* The radiation is highly polarised with the E-vector lyving in the plane containing a and

the field point.

* The frequency spectrum for this (synchrotron) radiation [and for the collinear case in
(d)] can be calculated by Fourier techniques relating the radiation as a function of time

t to a function of frequency w.



* The synchrotron radiation limits the performance of charged particle accelerators (e.g.
LEP at CERN). It is essential to reduce a; the accelerator must have a large radius of

curvature. The 60 GeV LEP ring has a radius of 4.2 km, where the 14 TeV LHC will operate.

* Before the discovery of the Crab pulsar it was known that the visible light from the
nebula was from synchrotron radiation because it was highly polarised. Analysis of the

light reveas] properties of the magnetic field throughout the nebula.

* Synchrotron radiation has many applications in physies, chemistry, biology research. The
Daresbury Laboratory 2 GeV electron synchrotron radiation source (SRS) (and in later
vears, DIAMOND at the Rutherford Lab) offers controllable radiation in the UV /x-ray
region with very short pulse structure and highly-polarised. Although collinear acceleration
produces more power (by a factor of 4® rather than ~*) it is far easier to accelerate

relativistic particles radially.

Daresbury SRS The electrons are initially accelerated by a LINAC, raised to 600 MeV
by a booster and injected into the 2 GeV storage ring in a bunch. The ring is constructed
like a polygon with straight sections and sharp corners, Experimental beam lines project
tangentially from the ring at the corners. Wavelength-selection devices (gratings) may be
used in the beam lines. Periodic magnet structures (undulators, wigglers) may be used in

the straight sections of the storage ring to tailor radiation for specific purposes.
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Radiation fields n the RZA:

The B-dield is colewloted by

>
Y
e
iz
b
e

-é{.-\'i,.{:“} = -_ﬁ}( E['F!j-{-_'] = E,hiu}-t ﬁxi{?—‘}

with B -'=-"§>-:E{?1 .

The E—.EEE.LJ con be determined frem (M4) :

¥rBly - L B Eciay (sinee Joiiee ok the shssmetion
pelnt B

—

We see that E and B con be E‘.n‘tireﬁg determined I::g ng}.

In the E__Z_A.____.} ELFH takes thhe simp Lev :Fawn"l.

iy iLﬁT" e -1-::‘"L = ike =
A[f‘] = ._P'_ﬁ i. Jdar) e bL: L o JC?M} ‘é & = i (é\'r‘\}'
f 4 T

v '—]: sutgotng

sFlﬁ.e.r-ica.!L Weolve

ier Ea
~| AlF) = e = ﬁf-ar\l ) With ?f‘-@]—]= d®e? ELEC'.'}E"'JEF’ =2

oy

THe radiation [uctegav—mﬂng} 'E‘;—ﬁr.e.ﬂi is calcelated lmg,

Lkl“ i

— ) =1 l|'l"‘l‘l.'.'| b=
B, = Ux Ac#}‘ = = Ux (= L&)
o Lkr £ {kr‘
R PR i T
= [T VxTE) + v( = )xﬁ(e;,\]
| 1 ’ k
s B il g
et avxk.%‘.. +ﬂ'(—i—1)
_T'E‘LI.LS 3 We fﬁ.:me. e
Bo= ik A P e N e e
B = ke xA(R) = i L (e__r_x J:I(Erﬂ I

.
r4

A

Exercise: Show that the ccr'raspe:m_c:hng radiatien E field is glren b;

beir -
S - WeE . e" - e
E,,_-‘—-GE,,.KB& = o T'L"T [i_ (gri)é'rj




=i 1 T

TL.L  Electric 'DIZ[':':HEE Rodiation

AL inforimation of the 'EQFE of radiation (s encaded

e thee
Souree ?u.n ction

— - M,
&) = fdg’r‘ g
¥

kel '—E-‘vc’-:'i kTl | |

oL

(F

In the RzZA.

~tkFLE
So, we can expand €

: P
¥ = 1_ ""Lk#-ler R

¢ ) . . . :
125 beem 4 il qive electric dipole radiction: E4 radiod
TE topm boileren

widl gLve magnetic dipole radiation

: 4'1-"1’1 ra.r:hﬂ."klﬂﬂ.}

ond electric quadrupole rediation : E2 radiction .

Here , we wnsidey +he 1% term only:

rien - sl |
:F = Jd?"‘r” J{#I} ﬁé o 3 since v,—:ajﬂ'r:?}=+i,w3(_#q%(} (SEL ExXercioe

x-component ;O J’J’-‘-‘a—r £..3@n = J—.-P*rr (@, %) 3

v V :ﬁx

= -[--:F']'i'" ]:ﬁr’ (K]jLF'}] gt ﬁ?;j}ﬁ“}:’
--_—r.—-‘l

i +ilw (P
=$d2I@) X 4w J’J—‘w Kot =-lw p,

L S
SV) :0 on 8 v

__V__.I

x-c.nm[:ud ne rL'l'. 05‘

= the electric dipele P
Coﬂaequ.en.kia y X o B

From p.(I.1.2) (%ncim[mg & "k dependence) , we get

' By LBy L8
E . fte - &t{khmﬂ A Y =
E’Es. e 4wc G _‘1-'— ( e P) o Eei. 'PLJ- EEi
P

E i(kvr-wt) i /wé—»ﬁ
EEi it = w® = ]: ?’ B @,—' E-r:l o 2

8 Iy e @ w (& x'ﬁ] Bgs E1 radiation

o - r




L B
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JL.2 Magnetic Dipole Radiation
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IV, Refativistic Efectromaanetism

Oar  wli Is *5 shaw Ehat bl J:'ile.nrg r_-.i EEEC.Jt'romanH_._:i_‘IZLE'M Ls

consistent with the theory of special relotivity.
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the trounslaticnal metion of the sgsicarn. q=y :
os o whole. 222 P YT s

(i) The existence of o universel limiting 5Fee‘ﬂl: IR s Fhéﬁi’u'"t

entity that con travel foster thon speed o Light c in vacuum

ot a..n.gl inertial :T.rd.me..

Mony physical consequences; e &Y Haviﬂ,g bedies are shorter
(Fikz- Gerald cont rmfﬂﬂ’rﬂ

(1) Hﬂ“'l-“-g clecks run =lower b: o
s

\{1—&1
() Newktows wechonies geJcs modified,

#H.-E.'Eﬂl" \ﬁ‘ =

&3 Ep=yme?, E:mgi ) ete.

L
-
L

=
S -

el % s ¥
Exercises 1, Show that Newton's e.qu.m‘kiﬁﬂ- T'L-_-W-T" Ls w_‘ftt
Exercises

E— 1

wider GT but net under LT.

—
Z. Cﬂ"“-“‘eﬂelg y show that the Maxwell weve eguetion for E:
O*E Q(%Ig_:_ - 9r)E=0 , with ¢,7=0, is form-
T

inveriant (2 ﬂaura..rlmtlt} wnder i but net wader GT.



B e

FE_:-;T.h,a sur vekational #Flﬂiﬂwnfk:

Observe that c‘r"'ba'—xt—zt“zl s 3“1-‘2‘2 = ol under LT-

o ; LT F"re-fvE?""fE- ‘E'E'L'E. "f'ﬂ_::lnf.'JLL-t"-‘v5 Q.f o #—&_L’MEHEEQHﬁ;ﬁ \.I'G..:‘l‘.o'{' ?‘5 (#"‘Vﬁc‘tﬂ‘f
defined in a 4-dimensional vecter space, the so-catlled Minkowskt

space , L.e. XX =x'ax' = A% s moy be e} etther slﬁnl'}-

A ]

—ED Wa_g':-} u'# TeFre.E.e.u,’t.ing z cund fﬂe. .Sv.:u.j'.u,r- Fr'odu.r:.Jc ﬁ‘ij

(1) Euclideam representation : X = (%45%23%35%) ’xéz('ﬁf Y s 55"15-)

and. X % = xigi+ Tl x x535+ “fr'ﬁq_ . Hawaua"r'j X4y Yy are pure

L&g L‘r’Lu‘-‘r‘; Muwm bers .

For example , % = (%452, 1ict);

eund ”ttﬂn.c.e. W
R

el

= -x'l_'.ﬂ:*_l_,zz'-_ GE{:L =_AL i H_ﬂﬁ-u"" Mﬂ-'{'iﬁ”‘p

netation.

PO e e e nmeble & o (0 Wb e Ut o 40

=
Scalor product: X¥Yy= > x'p“g ! 'ﬂu 3 v miE, 7.8,
T py=o =

3;1“: a diag (4,-1,-1,- 1) is the metric (Fensor) of the
Minkswslki space . (What is the metbric Jor the Euclideon space?).
50} X *% = X’LEJ,.,U"“ L (Etnsfgim’s. summation convention meile:l.)

P
where X = xH = (c,t, ® y jz) is colled controvelriant veetor,

'De%i.h.e. rLew J,_-f,_e_ covariant vector: ,’&d‘g XF_= (dn'x:'ﬂt'z) !

Then, the scalar Pmdu-ct becomes (ju_r_f-:.s:}rt+aurﬂni:u.{:£_an) P
- | raLses
and 9
v
xp {owers indice

ot

o
RES =B ek sl 5 sad simg o or xFogh

i
L 5 -,

Exercises: 1. Show that x,x*= x,x*, i.e. it is invariamt wnder LT.

How are x™ oamel X}L delined?

2. Show that 9 3\*3\53’3 2 diag (1,1,1,4) =404
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Rules for Lorentz m'ﬁgﬂbrg.ﬁiu Minkowskl resresewtot  on:

(‘{} D‘E.$LFLE o Lerentz vector in lts can‘ltra.vm.rla.rtji 4

- vector -{Lcﬂﬂ..

E.g,} the FsaLJch-n. b4 _vector I= defined os

S, 0w 2 ek el yZ)

() Colculate the covariant k-vector by ‘mﬂ-UCLF'E@Mj the

conbrovariant t-vector with Lée metrlc tensor 9y

E.a.; the covourielnt PGE.H:Lch "ll'-ve:.c'ﬁ:nr‘ L=

i

(% =xty-x% -x3) .

e (X“xi ?xsz?:j i {\xaa*xia"x:;"xa\}g (’:J'*:'xz‘.'jﬁ'z‘}*

Xf._#: }Q'F' Y iy o KHL e :-:"u' E{tnu.?.ui be =eewn

twe c!i.ffarenf vectors . velated ‘”‘«T"““ﬂe'* x}*:ﬂ-.mux
4 with

Chss b

ol o

gj-'-ﬂg (ﬂ-i]iu-ﬂ =

- PR X

(i) Multiplication a.iwa.;s occurs between o covariowt curd.
o cowtrovariant vector of be.-Ewe.E..rL Sevariont cud contravartant
Lorentz indices.
For twe Pesition 4-vectors x™ and ‘ﬂ-", we con form +he
Lorentz Lnvariont products :
sy (PR D gt A
gwg = % g}hmxpg = X, gk gi : #,u,u;hsﬂ-‘.i,?-;?-‘*
Ei'.'*f‘]l 'TfL{. wLe.*:.r'l.c. ‘:l:e.w.sn'r,s ﬂu..u i %F“ ,{,;.ME.,- | roLLs e l-::r-é:w’:z.
1y
indices - b e .
e e ﬁj-‘-‘ﬂx -)C'.L 3 bat also g}#ha ﬁ.}m- oy (Wﬁggj
p ?
Exe.r'l:LEE: SHhow J:'T‘Lr:d: #5\" jc.wu:.-

position vectors x* eand ;"’ 5
the scala, product

xﬂ,_i‘-;i“* ts Lerentz Lnveirioant but YE
xlyt,

T T ]
(H’T.wt: Consider a Elmpf;&. &xu.mFiE.:, with x!ﬁ_ﬂﬂex*\)



(v

(vi)

ke

-

Minlkowskion representation of the LT

The defining equation ol « LT is ct T

W Al g __] 0

e
S

J x

where __{'L_""l) ts the 4x4 LT matrix

=

ane depends en the pesst velocity I%.

T::Hr‘ ,l"i‘* H €x b ﬂ 1 I"Eq,c.{p H x = \.{ (\K "r'e’ C-I:\.]
¥ = 5 5 Y=y [t g
N t1=x‘nh i o _r*
w0 lup — T = —
o 0 O iy
a (v e
N—:u‘ll:ﬁ -I:'LLQ;JC ﬂ’z s Nf"' ol 5.4.;,1mejc'rf.r; matrix > but fl'!._#-),*'ﬂ!w

In additien , we observe that the LT meatrix is determined ey

AP ™
P Al

kS

a‘:'i“déi proper controvariont 4-vector _f"iL sheuld '1:"'9*“5£-‘=F""L under LT

“ lu__l
'E';.H:E. k4 AU"' N ﬁ"u' Hp 8 E,\‘_‘:,"“. A“
" =

2xV

LT of o preper covewriant &4-vector:

e " "
T gf‘»“’-xl = Eru. Ay x> = "ﬂf_uhi 3“% 1

Sivce gﬁk_ﬂ: %3“‘" = (j‘fl); y we #L*n.d. thet \j}.,= (ﬂ“l);.xu ’

- i 5 Dx” . Aora=iw i
s e

A"“-g Preper  covotrimnt 4-vector E#L -I:v-a._rLE..'f-:l'rWL‘; wunder LT as
i u
B~ (1), By = 25 B .

e Y

e -

Exevcises : 4. Show that gﬁk_ﬂt g:“’ sy {ﬂ_r);__ by wsing e

! o k1] fo o o
‘Moatrix rE'FfEE-'EVL_tDL'{:'L-DPL ,:,% A‘l; i'g,uv ﬂ_ﬂlcl_@’l:]f, exFELCLELé.

2. Shew that the differential f-vector gﬁkg%}r‘- is « preper

covoriant vector and ?%Q,} s e proper controwariant cie.
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IV.2 Lorentz Four- Yectors

Are there -more genwine Lorentz l-vectors “P""""'%

JI.I_
frem xF=(ct,%) 2 (Remember that o proper | erentz vector A

Sa_JcLE.'.,F-LEE: ":-‘,“-AF-= EL‘ Hi}*— u..-u:’-‘-*' =R ﬂfbufrm-ré L..'I",
1
where AW _ ﬂ“;A“_)

Let us d££Ln¢ dx = (:dﬁ.‘.) &?ck) . then Jxﬁk:z (ccH: ,—d?‘cj
and ds? = dxf,_dx-"" i EElE% [e:fi"_!i is o Loventz-iwveriont qﬂ.mn’cﬁ:g-
Likewise , +the c[u..n-wl':i,l:g
dt ¢ L ds = }-\/ax dxt = [dt*- L (agyr =dt [1- L (_d_f_j"‘
= . = c* c* \dt
=3

S
W
=dt1-p* = dt/y
ts Llerentz - tuvaeriant as well.

The a...:.mLJcL-l:.é At s called the proper time . Tk is the +time interval
meoswred ive e moul*ﬂ.g £r:x.m.e, o’ béll o. .‘.uJI:.CLJC.E.G-T'LG.'r‘é clock ottached +o D},

l.e. dt is Lerentz invaricont due Lo Einstei’s flrsk Eas-l:g,j&ig a.f_
speciel v-eln.i:{.w:-’cq.

With the ‘ELe.EP of dt , we con construct the G_yector velecity w™:

FEEs . {8t éi) ” z
. dt (cd-: * ar -(GE’EU')
e
Lot
dr 4t

Bg a.nu_log; ) the & -veckor momsntiun is defimed as

=% E —!
ol s ey, mogthin [ 8).,
I..u'tLe_re. Er’..ﬁ the a"ﬁ_argg g_f_ the F-\a..r"t'l.l:{lﬂ‘. and ?ﬁ its mMomentum.
Since P = 3)“ pr = %,_F‘j y We eu»E-F-ﬂg 're.rtgg that
Pupt = o - P =L, (E2-P2F) = mrer,

which (s cﬂanrlg Lorentz inveriant, as it should be for «

true 4 -vector.




il B SR B

Fowr-vecters (wm Electredynomiics :

: d s
Let ws mew see whether othier 4-vectors velated te Elactre - L

exist .
Censider ke ::.om.{‘uLu.H:g e_qlu,a_-ll:i,mt o{- ::.;‘La.'.-ga CDVL.Sﬂv"dc-L‘l:'LDH.'

E‘_? _.L_L={]

which fos Lo dsted Lor ceny inertiol frame, Hd—‘i‘iﬂg defined

the b —vector current density o (contravariant J;ﬁl"m-}
=

J*”“:(:E,fj,

We conm write +the .:,arLJci,nr,,_L-[:g g.:ll..l.nJc'l.c'rL a.s

%—%Jo + -5‘1 £ wl e 3-»3‘“':0
: St o
[
g-i.

= R . A D 2
VEW Eﬁnu—‘ker as 'Qﬂ,g =0 3 WI.‘E'EL 'S}._— m"":(g—'x_ﬁj%??ﬁrs_xi)

Note +hat gﬁ a2

-&r-q.p;,s.Fnrms. 2s o covariank vec.'b:-r, (5&& exevrcise L

i on p. IV. L.k ).
In the loventz gasge , the Maxwell cquations for & and iR
L—-E't;*i-i é j—tﬁ e i = e | with the Lorentz gumgez—f
4%%} SR - 3 %"z_{% +VA =0 J|

The above eqm'l'.'i.ona suggest to use the L-vector potential :

APeil B R,

Then, the Lorewtz sowge can be written in « mantfesktly Lorentz

tnverrtant  form :
2. Alteg er ";)H.Aﬂ'sﬂ.
xt

e
-

-
o

Iﬁ e ts the rest CF(Lﬁ.TqE- d&rtsl:{:g im e static .r.u-a;,nLE. wikh 3:0,

Exercise :
ol ol

show that in r::..me:win.a frame with veﬂncf,*l:éi i 5 the % -vector
current danslfr_ﬂr L2 o gnU.-F =5 {:cx,g'&ﬂ




‘-ﬁ_mav“_ Pja14 ul ﬁq.'gss;:a*u, 1 - 2bvob CRE E'u,-_rr;.::-még e
“.:""'lre —Tnﬁg JQ:&,'EJ.?&L'I :-haq. .m:-j' 'MCI'_I:{-'J‘IA""E!-‘ '1133.451 ou 51 adEy | ;:rm ’

& -rt't"-rﬂ'r.—_ ﬂv(ﬂt#ﬁ -‘Jjn E)

ﬁq ﬁ?n'}g 21

UaIIpUsSS 'EET-T:'E_ '-!‘.'?"FEI‘-“’S‘ ﬁwﬂ gw'!w-n-ss*rc FrEE 3w ‘ﬂ'-nj;}ma_q.;d

_As:n:l_"-*?n-—-ﬁ '3'»}:]_ -’-Gi:’ wol ‘ﬁ“i:'a*'a n?mwi 'B‘La:}- :1.13’1?'_} MG'L:_S '?

bl ey [ = SIPUT FUVHAVAUT SUTEWMT L

degdnde wmnequny 4 i 1Ru3 Fppeonde meys T mmEEaesg

LE- ﬁ'gm} = = P T TIUDASq 59 pwe
1L L2
4oipoande PR ML a. Pegree A BT T TETer N e
-

e e

ot

{Tfinhf'-;#b’tn o ..,-(E nTI,Ir_.:‘”rv (‘.EKE e

'.wm;:é’ Iwelawros ud w YELIAM Do ﬂ'ﬂa]:l_*a*nEg n-a,,-,y,,jw %3 :EPW"_-_]

=GR ET =
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IV.3 Elactroma—g%ﬂf‘lc Field Tensor

v:ia_a,n.ge wurnder o LT 2

How do E and. -E' #LQECLS
> but wheat are ﬂ“&bj?

Guestion:
connet be L-vectors

Theen
(=}
—

= We -Er:_j +o write

We Luow that E = "ﬁ% - ’3% alriel E= %x,ﬁ i
3

theze _Eeﬂm{Lan: in terms a_ﬁ 3‘“-'-—5—;( and A" as fa“cws:

rLI-.
N : : :
£ Bp o mA ail oi . A~ (2. 2)
': = 1'" L —'-a = =_— = j S5.vilCEe "(.—..- Y A k
CES A% ’Eixl o €
d xM=(x" % el
SE ._-_E_';-— EA‘,F Hoant L I::(:X.} on
c %y Ixg g e (xﬁﬁ 'xj'
B-field B A GAL . gak g gy
i - _1 -— -—3 — e o —_— F .
ox = CE CLS
I AN DA DAk | e

ELMLE‘”E; 0 B #(EF o T e Y
T, T T E2d

o= Dxd "ax?_ ?xi

So, F,.._,,_-tt.[,ng euarg’cﬁ.n’.ﬂg 'i:nge.{h.e.r, we, ‘ﬂ.awe.
o] —Eifﬂ -E;_.‘rl': —Ea,l‘f.

= E“'c o "E:_r, B F"Hjlv'-
DK D 2 s .
3 *u Ealc B3 0 -B41
Esle -B, B, 0
Ei anel By are the 6 cloments =f the antisymmedtric 4xb matrix F*Y,

_E"‘_m is called EEe.c'Eroma.,qn.e;{:Lc- field tensor y @5 it trowiorms as

oo tensor of rank 2 under o LT :
2 ' 3
F}Jp.u . ﬂ}:{ ﬁ?& F“’-P:’ w ikl F'.I',u.'ﬂ; 'g_,ﬂ_‘ = ;‘_A:hs 3’—"",‘5{"-—3” ‘-P-.
-E'xl'u._ BKU

T

el
€

Exsrclsas: L Show thak TP™ i o vavk % lorents tenssr,

Show that (M2 end (M3) meny e e.xi:re.ssed. 'bé_

I

PR PR e e,

end (ML) and (Mey bg

Y]
J:'JF.L F‘p. =f1—ﬂ1u




R Iv.ﬁ;i T

LT of E and B fields:

Consider the speciiic LT, corresponaing
te a boost n.iow.g the xtzyx axis.
Fa

Then . -l:rcw.s.f}arm& ws

F}fhu =

Py e
Ny NpF

oY N votvix #m.-m,_

S
Se,
:Fd'ﬁ
¥ ~yp 0 o[ 0 -Eue -Ee -Egleqry =yp O
F'.Illu.'.? 2 —EP lﬁ g 0 E.j_||'I: o} .-.E;.E E;z =4p Y 8]
0 0 g Eilc = 0 B, 0 - (R
g wr ik loge e il 0 0 B
. W
B S
1yey -LypEy  -B, PBa
1yE,-ypBs -1ypE+iBy O "Bt
1y B +gpB, -LypE,-yBs B1 O
) 3
B -z & *W{(%EL*FE?;) ‘!(%’EE"'F"E’EJ
1
e FL 9 *EEBE-%EZ) E'{E’z"r%EEJ
'iIP.'I-" o2 1
S K(‘EE&'F’EQ E(E‘a'%Eﬂ . - By
1
_“* (cEstee,) -4, +2e,) By o
Cn%&zqwen'\‘.ig, El =E, E,l—_- By

Ea = b (Ez'ﬂe’ce’a)
E) = 4(Es+pcB,)

Bl:'\ﬁ:fe’z*%ss)
E; 5‘5(53‘%Ezj




. . '} -~ o . 1
Li€nare - Wiechers electric field from LT

48
Electric Field £
v " 1JL F I B 23
.'f:'{ CL-“-"‘?'?' t'-_.i is ok rest Q'E' ‘{:E‘T.'E.- 'l"ff_ﬂd'-.ifLﬂ 3 *‘::a;jige g W wmiIgeat
ira_me &,
: .ﬁ_,=||r5!:
At %=£=D, both +he .'-':'Eoc":h::no:.ri frame O = Px,4,2)
'r.d
ond the Mutng ﬁra,me g’ over[a..p- 5. & > b
0o=0’ L

At 0 (for all £, the E-fteld takes
on the kwnown form CLLC‘-"’QE' ! situated ot the
criﬁi'ﬂ. of +he W.au'n."ng ﬁra.wtﬂ.
ad E;‘—‘G ! -51":::..",‘?.@?1.::.-1’"2 and Mmoving Treume
overlap ot t=t'=0.

At -];:;{),} the -E‘—.rite.lql m the '#'raq_n‘LE O iLs Cﬂ“"'P""J:*"‘d '::-3

Ey =E4 By =B,=0 Ey=Ey
1 )
E2 S‘E{Ei'lﬁcaaj’ BE}.’E(E'z'l"E_Esj’D =| =16
)
E: = ¥ (E; +BcB,) E’;=\-§(E’5'%Eﬂ=° A
TE T } ) ¥
s . E (Eia‘iEza”ﬁE—a) = ;EE ,,_EE, (ij\g%&gxzj)
= L 3y (oy,2) 0= § (x-ut)
4, '® '
=YX, at t=0
- 1 1 = } }
4xe, 7% ST e

Note that E-field lines

point i‘:_‘:’. the E\"&Se.n{- posttion .

i

On the othe )
other fond, T = T e yi2 g ) = y'x* 4+ yr 4 2*

¥ rheuste i o g‘r‘[cns‘ﬂ + (t-p*) 57""'1-5]
et

= [i-lﬁlsLn"B] : 1™
FLL'H:LTLg EUE.réJ:f‘LE.ng -L-oga-l:gmr.’ we ge.‘t

1 9 ¥ e ! 10-p%) #

z - -
4re, E!'V‘g(i—-Fiasi_wlﬁfu 4‘1!5.0 e (i-‘r:;lsi."f'l.?'e\]ajl

This is exactly +he Li€nard - Wiechert ﬁarmu..?.m iar the m___iﬂé_

o] = u.-n.T..i.armﬁg moving charge point ! (see p. A 51)




