PHYSICS 831 PLAN

1. TOPICS:

A. Review of basic relations on fields, potentials, sources
(Revision of undergraduate material and familiarity with notation)

B. Radiation from single charges

Lienard-Wiechert potentials, fields of moving charges, velocity fields,
ionization by fast particles, virtual photons, radiation from accelerated
particles at low velocities, Larmor's Formula, Thomson cross-section, damping and
radiation reaction, forced oscillators, Rayleigh scattering, directivity and
polarization of Thomson scattering, radiation at large velocities (Lienard's
Formula).

C. Radiation from ensembles
Multipole expansion, dipole approximation, magnetic dipole and electric
quadrupole radiation, radiation from identical particles.

D. Radiation from antennas
Formulation of antenna problems, Schelkunoff Vector, linear antennas, radiation
resistance, measures of directivity, loop antenna

E. Scalar diffraction theory

Fields as sources of radiation, Kirchhoff formulation, Fresnel and Fraunhofer
diffraction, angular and spatial spectra of radiation, array theory, applications
of Fourier Transform relationships in image processing, vector theory (brief).

F. Propagation in material media
Free electron theory, plasma effects in metals and gases, anisotropic media,
magnetoionic theory and Faraday effect.

G. Other topics if time permits (usually doesn't).

2. BOOKS:

No book exactly parallels the course. Those using electromagnetics in their
research, or taking 832% later, may wish to purchase Jackson, '"Classical
Electrodynamics" (Wiley). 1It's a good reference book but not so great to learn
the subject from. On Reserve for 831% in the Physics Library are:

Jackson - Classical Electrodynamics

Marion - Classical Electromagnetic Radiation

Panofsky and Phillips - Classical Electricity and Magnetism

Papas - Theory of Electromagnetic Wave Propagation

Ramo, Whinnery and van Duzer - Fields and Waves in Communications Electronics

These will all be referred to from time to time in class. The last is an
undergraduate engineering book, strong on antennas, etc. You may well be able to
get by without a text by using these Reserve books in the Library.
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- AE Y(R) 9
= Afd -



ISA

 Seemdterm  {§ KAV =RA(ff 7. RMHRAL

: KA SURdAR
20 as R=>0
Twd Yorm =~ by deeitiom
e . -4tA + O = -\
= Yar
| + kR
?CR> = 4T‘-R'e. ;

s ,&? ese as e Creans fnclims we wAle e shechum
:é( ) bolenlial covenperding Yo the Seune sSfecMm
D

T g,w) = g\gg f%ﬂﬁe* KR N

\With tis as 4Ge ?ﬁ m e Foures T(ansfs\m Smsfsx Re
ﬂNngﬁMN

Wrt) = §§ S 1&—’9} ~ SR RR) 4 d

;
Now wite e {x‘?sv\e/\\’\cl th FkR = \.a(tq: ) \.a't._

(’W»\\s DE FWES NoTAToN t = )




Witk the £+ notation.,

aeuld

Wy = [(6 xS (Pl ™ el e -
a\l .
- Soures

s MﬁM{t‘S Le %Q laner { Z Bmkds s +he ‘Fwnu' < -
ﬁt)ewto‘t\'m,, o-F ;-(f_,t) WA+ 'fS ,F&( ' and ti 'Fh't

Flg, Ex) i
{.e. '\\)(;\:.t): JS‘ 4:,-& — dVs (g the genem! sol
all Sewd

Exk\{&“‘j i /s of the \>0‘(th'0\|$ and Smmu&r a \nn‘(\'cukax R
= QERDP fred bt 1
¢(%.v) = Frme, f 3 N

Ag0) = 420 sles ) o

R
wheee T+ = £ % S/c_

R = &5-5

Note how .F\eui Poiak co-oPinales £¢ enter (T the ntegrand. :-
‘.L) n nsfma\.isiq.a Seuree cenbabulims lcwemlﬁ as the distance
fru-vﬂ-‘l'e\e Smm‘\'é-\'\'\ew&za{f\t
2) i eluetng the time Tk of whuch any gwen Seune’s
Conlibulien Yo the ’?o‘(Qnt(a-Q. ok (s, £) is entered.

These results em\acb3 +Be notien that "newa’ oboeut the bohonsiows of
gond J \)fo‘vaﬂa‘{u o e freen of e \x;tent’(al. ok dustant ‘?c-i als

ok o f\'n:&o. Sped ¢ = \/Jé—o—; tn Nacoum, ond the ogreement beViseen
Was and expecimeatal exbpeciene ultimately Justifien the "Mavsel\ ke, -



~—

L

—The Qx\wrQSSims With the t_ terms require that whea we cm\m\’e o ‘DO\'Ent\'QQ
ak (e .£) we sum the sfatic (Cowlomb, Bick-Savact) bofeatials of e

Seured 0S fRey were ak ¥he aﬁro\;ﬁoxe EARLIER kimes (£-RA).

These RETARDED POTENTIALS ore therefne Sums of the statie
%orentm\ eontibutims fram. the Scurnes as ey "uee" ab eaclier times,

cS ($ the “news' of cadh cavtabulion To Yhe ‘:o\'entfe.Q trasels
fmwmﬁs « tine ok \le\zo»tz‘ Ci

The Qx\f\-ess(mns W the by terms rebverenl contibutisns f\m Sewrned
a» Bey LAl be o LATER times (£ +R/e). These ADVANCED

POTENTIALD w\-eb\;a\d ® Cenbrbubiens E‘wm Sewnre C.mfx‘su(‘a\i’ ions
ek owe net ol ocemned 53 the time we edeluale ¢(,(§.. {:),A(f;.t),

Tncluding Hese tems wowd allowd that effeels (Csn\:ribgtfms fo the
’\ac(or\t \'o.\s) el PRECEDE +heir Comses (Seune c.m\’-w‘suco.(mkg \n

hne Sesuenre.

Our basic fhesny is comidletely time -Symmetric in Huis Sense, but qur
Q»L\?Q(ieme c? COMPLER suslems is that o unique time-sense ( ARROW oP
Five) @uis(s \n Witk Ratapy tacreases and effec(s follow causes. Le
\'\f\evz&w_ \MPOSE o fime-amen on the lectromognatic theany Cn%ra‘pmd
fo Yus stakistreal Sease of CAQSAL\W, ord DISCARD ADYANCED

POTENTIALS

A useful oud 1 Visualising the Combutation of the velarded befentials
S To imagine an : if»ﬁ* vabien - \—\\edc\g s\;\\m - w\\c\os&\5 enl(o the
@, peiak ol Lime €. The suface of thvis sbhere is a Ught pulse
k dminafes Ssurces ak times £-R% hen the s\f\\m s is R,
The \ao&,\m\s at (gg £) are then the Coulomb and Bick-Savart \:oYenYia\s
ok a\ the Seures luminaled by the collebsing Ught-Shhere, at theic
"Numinefed dieVances R = A5 —ls(t‘_>




&

5) Genecol Nokure of Pecblems (n Electromagnetiom.

Befove proceeding To aphly e very powecful (ategral 4elatios we
howe jusk dexelobed {:N the \:otent'\'a\\s in fetms of fhe sowres ot RETARDED

Xines. (€ is weth making an overviewd of the nalture of problems in
Qecltomognet ism and electiodynamdes. L O

Qlerly, the most general kmb!o.m involves interecting fieds

ond Seurcen. We eawnisage stecifying o sek of initial ’(:\'e\ds and
Seues, ve. thatges in matisn. In \:Ymci\ﬂe, using the Lﬁentt-mec
\o we @n o haw the Seure distabution d’\an.aes wath time under
fhe ackien of the fieds, and how the fiowds aie mudified by chongen

i ¥ Seuwe Distributien., Qe can fBen Drediet all {uture fied and
Sewre Distadulisns ‘fva-m te (utial corditions. Tn brachice.all but

the Simplest cases ae marhemalically afpaling f fleds and seunes
Steng\y tateract ond ww%ifj one anothec.

The tiocrade \:cob\ems bl deun 18

i) froblems (n @hich %e\ds and Sourted are constant
kime — electiostatics and maﬂhetost’atfcs. Heore al\ +elordalion.
efecfs cuisabbear and bradems reduce 16 solutions of Poissen's
Eﬁ\wtim. VLW = 5' With q\:\wo\m'ore. bcw\d;m\,s Condilions

2) fcdems tn Which d‘\me,e.d. \mrt\'d% moeve in fanstent
of Sledly-Vonging breseribed felds — particle electrodynamics .
We may be iateres@d. tn the ‘artice Liajeckuries, of i the adiation
Whch ey preduce as a wsulk of their tajediories, but the pacticles

do nol Centrol P«e' 89,\&$ de{:\rxin.s *&g uderluing ﬁeb\.e,c&;\s; eq. W
malion of parlides in accelatalove, Qeclmn micixabes, of tha \aa Allen bl



3) Problems in wWhich we study the feds broduced by

o &»esc»'\\:ed Ssure Lonfigurations, with owly Secondany adention ©
(2N

e

the fieuls brdwed by e Seures dio nok modify the felds
Ccv\tfo\uas SMRL m’{\Bumt\‘m, The classic exambles aa oS
e & redlem. ove \a«ddm of fediatisn Rom charmed: particlen

N (%M aneanan .

4) ?rob\ems o wWhich we thbse_ the, 0}>ﬁsat~'m of | H
odickion flewds, whidh are the class of fied Capasle of detaching

e heds roducing those Cm%'ﬂumt\'ms. Here we,‘zaswme what
ek
S

&'—M Yheir Seurces an then \&3\"\5 an eaneatially independent

uslence o? heit ouen, ?ro’?asa\b‘m ‘Ymb\ems ou invole,
(feracions wnxh ambient fx‘z\dS angd Seuned (ma.ten'qt medua).
Exambles ae \:\-ob\em‘a in tefraction, eflechion and scabenng o
yoQvelien in dueleclwes, metals \zvlf’xﬁ‘-l mas, efe.. Jn these fz—ob!ems
Wwe <3n,a~ce e Ssuaes of Fe edialion %‘e\ds, Q. L8 asSume \'Qe..j
ore nol weocled on by any changes in Re qadialion ﬁMs

Fotunately, o ueay wide fenge of appications. T6 useful Phusir

{o.\\s \n Yaose fsw mfeﬂace.z,, and e general &\La-{ntemc\"mﬂ situation

Need fartly be anslysed in the Labovotony.  Exceptions are. s(luatrons
in F\ASM blysics, magnetosphecic physics and @2io astichusics, utae
Wwe alSo enconaties vhe c_m{,lc.w:tcu of telativistic chage motions n Many
chplicmltions.

Tn £is course we Lall be concerned Fﬁmﬂ"‘% unth f:mble,ms of
t“')\b% (3) and L4‘) We walk be;a(n, b«j Stu.a:) v'rxg fediadtion f\.e*m.
)P\ESCN'J&& Seuwned, inkt\'a\ﬁfj émelnﬁ the, must e,lemeat;cu\j Seue
ﬁ all, & 3(ﬁ\g c.\\arg@ W ®W al motion

g



AN

Flelds dme T Reserloed Ssurces

©) The fotentials and Fieds of o Stje Charge in GRneml Notio
o — see Jocksan. Ch.\4 [ Marion, Ch. 71 [ (relakivistically L "CTE" Ch3
Paeofeky & Philiihs, Ch :9/;0 .
(nsider a small but fiaite mesing charge. wivh bosition £ (£), veloetyy -
g(E) = 4 (t). We ask far o femudlakion of ifs Potentials and fieds
ol o &\-M\\»mv ,ff ok Seme \;art(wko.x time T, ff is f\‘xed, O@A e
Chatge (s 'Small’ (a the Sense that we can ne5\ect the Nanatron of
& = {S ’!S OCsa the c}sa.rse.

The resuefs for the boteatials ave o Particutarty useful feim of

the geneal Setution 1o the ihomogeneens Helmholfx ware eguatien fimt

derived- by A.Li€nocd (1848) cnd E.Wiechet (1900), and kaoum as +he

L\énacd - Wiechect \?o\'eﬂ\'ca\s. Theic derivatien is mosk easiy Visualised
. if we (e\tec\vwx vhe ex\:resscm fw the retarded ‘:otmtfqe as Rgwi r.r'\.5 a

Census of ¥e chame " luminared. ” by an g tr\fs’\motrm jaﬁerha) S):here."

Which collabsis oS (5 at fime £ uath Velou® C. AF eay 1asteal’

L=t~ Rle the S\?\\Q\-Q'S xadivs (e R and we count +he ltal cknrge
PN (luminaled by the sphere o that memeal acd divide by 4TéofC
fo abloun an eementany Lentrivbution dg (Similarly Coua¥ing curedt
T AV aad aofmalising bu },.Q/4-rr€ gioes o Contvibubion dA).

With thig ‘?\’vced.uve, thee is oo TORELY CLASSICAL effed
whose tesult e that the NET CHARGE COUNTED IN A MONING
DISTRIBUTION CAN BE DIFFERENT FRom THE NET
C\-\AR%E COMTED WHEN THE SANE DISTRIBOTION 1S

STRT\C .




2\
Hart with e simblest oase — O Single moving boint chacge 9,

~——r

q’.'gs

o -1, We want T calculate ¢ at a
Saines SNQJ\ {xeul ’You\‘\‘.' '('8_ and o S‘W"
Valwe £ of the +ime coomuinale /.

1S 'S an a\'\a"\tfaﬂ/ﬁmct\'m fsC't')

Veef
o} E(‘t‘) = f{. = fs (t.) Se:\::’e‘_ﬁgm—
"('Mm\-%,!'f
n&)  unik veeter [ R (= R/R)
The iegml we must evaluate @ is:
s 9, S S/ - t-\-!i;&_(_?.'_\)
¢ o (i 4Tre, ok £ L - )\
. r s(t-t + B
Atre, 2 R

de’

The nontrwial oisheet off 4buis ts Hhat we awe not (Wegrating over the
aquinent of e S-function, because R is afinction of €.

T%S%\m To 4fe Narioe thak is +he &-fn amgument :
e t-t + &

C
dt 1 de at _ s Rxed
L
‘l R.odg
< YR G

=1+ Y%R.8 (E=%§__>




Le. Blp.b) = Y

j*"’ SCt")
LH 4mTeo

Nowo the integralion gives us the Valme of the inCegrad att'=0
ce. ot t = t - R ) Ke"q-ct'arded Ame
Y gl
b (5p.¢) = J
T e (1-8.0) y vy
Notation . Pue KED) = \ — é(‘ﬁ'). n @)
L ) = "evalmaled ot t'- t- g/c',"

= <. I
# (5. ) 4e, [KR]

A(ﬁ(f 'E) = % [.—Kgﬁ b:j amp.\osj

TV\Q_/YS‘\M S\‘m\?&‘c;\gj HLune  Lienard-Wiechect” boveafials

G voNag, Charge (S ec:é’ci\s\e, becouse He tnw impl' el T
/&Q\EQM{:\S V&A{:S\‘s Lencealed L e ker:fd.nh‘m btmk‘%kz{%fl :

v, 2 ad R wulUal vany with me

4

st extiact t' = t- R ad wlED % .
n (g9 Cm%\s(e/\fj.

Rt')

The nastiness this becomen clear f we @\&ﬁ;m(e
Yue L\ ‘?d(u\tia\s GD?dex‘we e E cnd B b\i fo gtemld menng
C)uuSe..
)
| NoYe ¥aat e &:acfa( < 1S classical | eotn W\avg\\ VA S
Mvoleed
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_\6 \Wsualse ohat's ‘\.o.\-a\auei here | emseder a finive chare
oé therye dnsiy ¢ S\»%\au«ﬂ Small \‘Go vhat R s ~canst. M

f\%\mﬁm a.lfxen

sphere collabses Jv\fo
.@? \>a.t e. Q?

chorae dosly ot £

s (ﬁ o Il.fﬂs S’C%GMAH% weld
feke ime AU to oo
AS 1 R it. Inwavoves charped

Conornatnel volume as A\ = ¢S, edt

'\.e.wéfu\'e. 75’-" £ edt (stahe)

4me. R (R>%edt )

Now 1k charse dus«l’:‘.f meve at s (£'). fule #e o \:\\u-e
Oo\\ Sed acvco L, iF'meves  So cewbribules (o ¥t ceiso

(\c.\ J{« o hwe O = dt”.

/ \, cdt' = cat” + (Wlt). n) dt/
W s ae”
et \—- g .

So usfiet we (M)U\\’c\ﬂ 'S ¢ = X ::_Zét \t'=t-'§/c R>yedt

= ¢St‘ch’c \
- t' =t-R/a

Trws "an‘w-cmm" c-ﬁ'ccr 'S '\'Kusjouw%, classveal




laX 4

Differentialing the Liénard - Wiechect \‘:ofenh'alﬁ

To{m.o\ E ond B af a¢ﬁ'e® ‘fcin’c As due 1o o
nesing chage ot Seute ’Ys-a:nt 1 (), e must evoluaTe

E--Y9 - & B- % xA

\

\

o) M@ 2 {e.)

Ll R ( '
where ¢ ~ 4me,[kR] T 4weo \I—E“.)-Q“—) LQ'IS(*-'-J

3

\15p-s(t-) CRA
t.= t - FCS lre'%_

Vo is Token uitls seapeck T fle feotok oodinafes
xg of o. fixed obgeriaXim fime t

0
Pt s aken wAth +echect ® Obserdation hire ot o
fixed o2 beiat ..

The masn wnk\wﬁ w ws 1S thel small vamafims n
5_‘& oX enstant € \:roduce. vanalios 1n Qe +efarde? hme
t_ ol Wluich. Contribulions t© tGe Wmf\'als ove O be
evolaled. Thus dervofives untb. tenhet W cosdinaler

Sudh 0A g, Yo, 25 OF Constant b hove two C'Jm\acnm(’s:
(3s) - Ga)_+G=)3)
Tx} 315: a.lf ot_ xi;c'.ms't

t_Cons'C
We can fe\ue{me wale

A [‘\fﬁ ® (\- E(t.)'ﬁ(t-))(\rf Xs(t.))



% (W) * (56,

Tk will make the notaflion lew cduttered 1 What fo\tm-%

\{: we dxo\: +Be subsen \:t -S on “he V (-e.membe_nne H‘mﬁ\"’
xhsX s\?at\d B'ﬁemt\o.(um 'S o\\uoaaa; m\—& m\egc.t ko {—\uz
?s\r\t oo@inales (n une equalims .

| New enwer Gt = V(£ -5

- EY[’R] os t does not depend
| on G
| from oloesve, Le can. exbond Hnis T

Yt = -—'§<~ER]> £ const + t)(batg})r amsi}
e ok = (VD). -(2e). (fra))
vt (c-Gral) = -(vERZD _=Tn]

A Cal -
\e. Yt_ = "Eh- -cg.nl) © -2 m]

We e nevd end e m‘:&u‘tw by \>w\h\\5

i Y,“Yg Ec.mtt__[ ]( >\‘cmst
So, Lvaides VP = <V¢ ke fedat "é[.%-_\%:_%wt

"4353 (D«m) e c.{m](a(\/cm) z

{‘OMS
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WO.SS\‘&Q Devivakives 1 e Laenevd . Dtechert Shaw

1.—-«33?8 C@M*ﬁn‘sg,asm!qug_o_z
R:=%-6 }\OA)C\UCLOC:LE,
°R ? i _ ofs i ?_g_-- o
2 R i st

(xg xs) + (Y- 553 s (25-29) )Y;M
<2(’8” Y0 2 (g -3) S8

oh iy r 2(®-¥) (§-voa @

0 eenst

(2R)- @? ; %;i *35;'5)(\[(1:%)3( >4

7 N\
\'/
&
Q

t. tas
= .21- F ‘ : (2(1; Ag)3 + 2(yg-ysdy + 2(2-?’2‘)9
T 28 2.5 = N (Y,p\ = L @
2 R bt
v(fR) = ¢3(v )
{ordt |



@
g+ g%
1. ?t.
R g.(?)
ﬁ.g—f?
R
L VR. O%




Botrh Bi%nt(at\‘ms of 4 EKR] ore best moude by chain Dfereatiation:

S

YikR] = E\c o YR - K]
" ~Gow La-€l

(\:Kﬂ)' W EK R‘l

R Bl | (3 Mgl
C T IkR) - TO¢RIN\ ot E-

CK R"l( Bra] - [éi e [-é R])
= CK‘R‘] [;g'.g 4 g.(-}z) + ES] N

The \ost term is the eveatual key Té wo2iatim effects. It
Cenkribwies o %ad’or \10\('5\0.5 oS & Yo the fxe};ds re. AN
R &\NL \:vo\ao(\:\mo.\ Yo the o\ccei.ro.ttm of the chagge.

U)ﬁt.‘r\% ovt the i ffeentiotions in fv\\\ we nad Yowe

g-a oo L
¢ = 4116° IKR) ek K‘R‘(“ 2-f¥rg R)]

- { w(g-n) - Q(@ 3 N e BN o(g.9)
4Tel

cR
FUE ___[ n)(e -0) —a(@.0)+gh n(g
T 4Kl R?
: B-n -R(8.0) + €5 L\_(é_J.D
¢ = Amecﬁél[ R*

; e
“The setond. contbution T E Cones %\m A= 3& = a'g"‘ (aac>r5 Gt

L olR L oLRY 2t-
Rt tansidexs at s (t "’1)— C.Ttl" ‘—C_—b't':_.l'ﬁ:—

. Ok _ ot
ve. 5 = \+E§.QL&-,
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ot : Si3jueten byl
Sowehove 9t = (="EQ.ay L@ ] At - LK1

S

teve b= PR3 = Fae 38 L
-'.:-,&9—"—r E + Y bt (KQ)]

AnlK]l L KR

P X ) 2 2R
T 4ntal R T WR‘(EQ gL+E “)] _

Ruting /“° = '/Eoc-t and Toking the ¢ fochrs s the v's dhoe }&;ue.;

. [ . Blg.0)-8¢ é(.é-!é)]
A 4-1re°E.K'l ek R *R* Kre R

ﬂ[ﬂé -8 | g :g(é-n)]

41re°E
Qsam ndfe thek the terms in R™ o § oe all \'cae'c’ner

Co\\ecrm.a Fosuku E - -Y¢ —A_ we 30.1'
TN N-8 +8(8.0)- n@-E(g.0)+8E" n(fn)-kg-8(R.0
§‘4we°[\<‘][ £, 08 il X ):l

R* eR
__© (a-8)01- @) (-B)E.0) -
4res LK) R* cR
This con be wretken -
Q L-8 ""K“ .é) 83
i 4-Tre°£\<33[ TR 1

wheee Y= \]—_—— & the usual Loreala fcxc.\"or




We then Rk B fiemn B = ¥x A = (T ,Q)l_ T (%/H

Vt_ ond 5% were eolinoted en the woy To caleulating E. bt 5

The(gea), . - 48[ e - @]

N

[ 24

New Y%y =O and Y(E’e) was evoluated on the way © calemlating £,

Su\‘ost\'tu\t;nﬁ in the kaoum mest NE- %—é—. and Y(RLR>, we e»mt'\uzlb;—éd'?
__Q rgxa ox(nx{(n-g)x ¢
B = = e e
e 4rrc-°c).'!<‘][ g cR Q_.l
le. B = HEE
a5 =

Note that 4) ALL quantities in Square bradkers ar T be eoluated
ot the relacded time t.
 2) these exdressions are EXACT, exn for v~c.
3) Yetms ia /R awe (ndependent of acceleration (é)
4) terms in YR o\l contaia acceleration
 5) E and B are always ?e.:}w\aiw\qr (o eadh other
6) bothare herpedicular o the RETARDED veelor [n]

Bewn Re charge B the fled beint

These results f’w Eoud B ’E.am a mowing thagge f’nm the basis of all
coleatations of the fieds fem gemeral chagge assemblies. Tt has been
shewn by FRISCH and WILETS (Amn.T0Phws. , 24,574 (1956)) thatt
tese fieds oa be eb@ine® ffem minimal bostilales of 1) Causs's Lawd,
2) chage onservalkion and 3?) the ‘Pnnoi\ahs of Sheuiel Relativity .



an  We aew Cansides seme $):€:c.£m‘\ coses T explete Hhe nature of hese geneal.
| {-iads.

7) Flelds o uname\cw Rarticles (é =0) "JeLorty Aews

For \:mtu'd.es. Crovelling 1 straught Lines et constiant veloaty, {;%m
and the 7R ferms Yansh

o o [ EE]
E. o 41-(‘6@%6'?— Kib&?..,

03] T 0 Lo

Nefe that in the edreme lov-veloaly limit | 40, K1,
0 Y4, these convet To the retarded Counlomb and efoarded Biot-
Sowowt %\Q\A& e, the \m:) -\S@l&dm Uit s isYs of +he STATC
’M&A‘a Eovd B (935‘;@%@&@ wth G and Q5 ) ‘?m\mqmtmﬁ o
Yng. QQ\A ﬁo«\’t" wth, ‘o‘fﬁmwzg c (% give. e relorsalien 3

Fov S{\‘“—‘"E velodties, these E ond B expressions ae medified
w'mns of e Cpwlod and Bick- Smn,rt ?\Q\dﬁ Consider € ’%TK

Waskralion :
1) Tk hos ma&w_d dveckionalify (0 - ﬁ)

2) Tk has tmedi %@.é Symemetng (\‘K; 3 ), and s we lenal
%Wu xm\h\:\ %'ﬁMﬁ'\&‘.ﬁﬁ"‘

Teln- @) im implies Bal tee - Reid abbearn To diverse
@ e ACTOAL osicion of ¥ chasge ot tive £, NOT fiom,
the velnded ‘?ns\hm To see #us, consides the. !FO\\MM: diagmm -



lelocded. iCion :
%ﬁ/‘/ aclnal %O‘Sit\'m at tme €

= . LR ‘
The time dlapsea t-Ttl1 = = @

The dustance travelled by the cha®e (A Bu's
time = w(t-[€) = gIR]

E%“M briet Heace R = [R]1 -RLR1
= LR1La-81
.. *he E-Rod of +he mering Chagse (il to _Q-E) o\\ﬂum fo Ue almg
fre unreloded veclr R |
- a\thongh the “news’ of e '6‘3'\‘1 “:m}»a@c\(u 'R:‘.cm\ e velarded
lion of the chavge, the lines of eleciuc fpre bint ovtwads
Aen s acfual in Yonlenesns \:os tien, (due ® (nteclranca ),

3 A Ue olgebra sShoos (UHEMEMINENID, Moo, b.206 ) Hat 1B

w%lfieA g_(\w @ e uaten in tarms of the Smntaneens \j_&;m’
® Ga 'b\'c«gmm) as B\nS -
Q n

B = Are ¥/ (- g5t 0) >
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(b)

Fig, 11.9 Fields of a uniformly moving charged particle. (a) Fields at the observation

point P in Fig. 11.8 as a function of time. (b) Lines of electric force for a particle at rest
and in motion (y=3).

instantaneous present position of the charge in the laboratory. From (11.152) we ‘
see that E,/E,=—vt/b. Reference to Fig. 11.8 shows that the electric field is thus |
directed along m, a unit radial vector from the charge’s present position to the '
observation point, just as for a static Coulomb field. By expressing the
denominator in (11.152) in terms of r, the radial distance from the present
position to the observer, and the angle ¢ =cos™ (m+ ¥) shown in Fig. 11.8, we
obtain the electric field in terms of the charge’s present position:

e qr
E e ijz(l __BI Sin2 'b)S/Z (1 3 154)

The field is radial, but the lines of force are isotropically distributed only for
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Figure 4.24, (a) The Cornu spiral. The scale of w is marked on the curve.
U, vz
U, =-—2|C( iS(
=i | co+iso|”
(4.49)
Uo L s | L
= C(g) +iS(u2) + 4 + Vi

which is a function of only the one variable vo. This variable specifies
the position of the difiracting edge. If the receiving point P is exactly
at the geometrical shadow edge, then v = 0. We have then U, =
Uo/(1 + 0) (% + %i) = %U, Hence the amplitude at the shadow
edge is one-half, and the intensity is one-fourth the unobstrugted value.
A plot of I, = |Uy|? as given by Equation (4.49) is shown in Figure

Figure 4.24. (b)
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Chap. 16
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Fig. 16.1. Transition from Fresnel to Fraunhofer diffraction. A portion of a
wave W opasses through a slit, width & Intensity distributions across the
wave are shown for planes P, (close to the slit), P, (just inside the Rayleigh
distance), and Py (beyond the Rayleigh distance).

(1) Different parts of the aperture may be at considerably different
distances from P: this variation may have a significant effect on wave

amplitude as well as phase.

(i) The line to P from different parts of the aperture may make con-
siderably different angles with the normal to the surface of the aperture;

this also may have a significant ¢ffect on amplitude.

These factors can be incorporated into a gencral diffraction integral
through the Kirchhoff theory (Section 16.6). For the simplest case of a.
distant point source of illumination, r, from the aperture, the wave
amplitude at the aperture can be written as A, exp (ikry)'ry. The dif-

fracted wave amplitude A(P) at P is given by the integral

APy = ~

éxp (ikrg)
: ro

exp (ikr)
P

(1 +cosy)da (16.2)
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(a) (b) (c)
Fig. 6.14. (a) Low-pass filter, (b) high-pass filter, (c) band-pass filter.

1. Binary Filters. These are the simplest kind of filters; stops and slits
are examples of this class of filters. The transmittance of such filters is either
unity or zero. They can be further subdivided into the following categories:

a. Low-Pass Filters. These filters pass only the low frequencies,
i.e., those frequency components lying near the axis (see Fig. 6.14a). These
find application in filtering high-frequency noise. Thus for example, if one
looks closely at printed photographs in a newspaper, one can see numerous
dots to be printed on the image (see Fig. 6.15a). The dot structure in the
photograph can be removed by placing a circular aperture centered around
zero frequency in the Fourier transform plane as shown in Fig. 6.13. The
circular aperture acts as a low-pass filter and the high spatial frequencies
associated with the dot structure are filtered out. On the other hand, the
spatial frequencies associated with the object are concentrated around

b

Fig. 6.15. Halftone dot structure removal using a low-pass filter (after Phillips, 1969).
Photograph courtesy of Dr. R. A. Phillips.
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Chapter 6

Fig. 6.20. Identification of fingerprints by cross-correlation technique
- gerp ) |
(after Tsujiuchi et al.. 1971).

graphically prepared filter corresponding to:the letter P is placed in plane
P, (see Fig. 6.17), then in plane P; one obtains the intensity distribution
shown in Fig. 6.19. The presence of a bright spot on the lower right corner
(which represents a high correlation) indicates that the letter P appears in
the corresponding position in plane P,. The convolution (which appears
in the upper portion of the figure) and the cross-correlation with the letters
Q and W produce a smear. The central poriion corresponds to the first
two terms on the right-hand side of Eq. (6.5:20). In a similar manner, the
correlation technique can be applied to fingerprint identification. Figure
6.20 shows the output of the correlator when the fingerprint obtained from
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Figure II-2 The E and H field configuratioas for th2 TZp; wolda in circulac

waveguide.
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