ELECTRODNNAMICS

Pol Toylor. (TRay)

In dus cowse Movamed's equatious, the Lovertrz force
loww, €c ., e heived  Lomr  envupinieal 'K~ level plauyoies
couceps, amd Appucoions AL low velodkes axe
coneidared , \Quody e pawtiulate natiwe of charxeg.
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Elecorostadac flekd due to  point towge ok the ovigin
(Comlowild's _laun) E= g /uner? Reld cdume to wawmug
amouges  olds veckoviodly (W;_iwg‘ So for
damsty disbilbution  p(¢), Qe ok ¢ 1S EW=m fvleptg’)/i%"’
whexe Eaf_’—f_.IwbeQ(ald/\g s over V omd wsing Awe
Avevgence fneovemm we qer Gaussy Fllx Magorewn (M1') amd,
Sine s s e for anwy V, e fst Mouvaell aguarion (ML)
Nove thok IV & e voundowm) sufoce of vouume V.

S VXE=0 f fue flald is Cowstomt W me, ue
W ologgve e  eleckrostolic  potemBiol, @ (in Volks)
such dhox  E= —Y@ . For a charge dseAbubtion p(C')  clocse
#=0 ot ©, So @ =gmo Ly PLAN /Jr=r’l. Then (L) -Bla)
SAne Work dowe by am oukside foree o a vkt
NoNge aPOLNET 1we fladd to wove it from 2 o o)
His Ts nolopeidant e} the voule [e fRIA T cowsenokive ]
ML Qies Vi@ =—pleo , Poissovis loud (see Po tenuoiod Tesovy).
A curve whose tomgemt 1S evenmgwenrt ouallel te £ Is a

b

e of  Lorce ; v vwwod w0 A Quipotentiods, «wlca

oxe  swifoses of cowstomk @ .

Bowmples af potemBials: pent charge: ¢g= q/uwer,
Mpole F= pr/ame, 3, mwire Une gf diaxge (g per unmit lengdh)
Bz Yoo log p [p=clist frown is]. Nove sphemicol oma wptindwcal Scpmmekny.
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By cowdiing 4he W'k dkove Tn bvingiig eowein
ponk chowge  fromn  nfinity, the Fotenmod BErnergy
o sgptew s w= ¢ 2,~<5 q,iqa'/‘“}?io\fi’fs(- ror o
Conbmuous disbnvuinan ) in potevbiod @(g) tas Ts
3 v ple) @) d’c = ig, [, E3d’. Tor the swifoce chowge o
O O conowmctne, W= Le f, oBEds. The fell lbetween
e plokes o o lowge  powolel -ploke coyorcitpr S
perpemdiadon to e plakas ¢ strengn E=V/T =070
where Vis Xae poteusiol d&emxmg, T e sexpowroion  owcl
G the swifoe chouge  dems ivy. congidemng o Vir tusd
olziplocement, the focce b:éyw:\d e plotes Ts & EE”
P/ UMmE orea .

MOVING CHARGES .

Define Cuaremk demsity th voluwme ddr as
3‘_0!;)0\3(; =Zd3£. iV where X M Onowge Is g; witha
vehoiy  V;. Cavsenvekton ef chowvge  Anem
jav }'dr;;, = —d/d,e J‘\,pds!_‘ ( fAow out = -—va_-be,-% WV%&)} Muas
opplyng  fuis to ATl voluuwe, V- 3 +9p/9v =0,

e  Cowbdky _Equokion .

In & wifomm conduckoe we howe Owwms low,
+=0E or (Maowiwe) L=V/R. Te towrg dameivy. @,

~

VOBV & uwnifoin conduutkur. Bebowewn 4o suom
conaduckors, ) amd (2), e have We Towndom) covdaions
Q) 31 =jar by covnpedvaxvon , (VD AE) = 6/€0 oo copocitee
ama. i) B, y=E,y olso oy conpevocwo n (buk (258 ob\siows%\.

™e wopnebc fied, B, B Qemerodied log fhe moving
chnoviges . Bapinicodly, we howe (e Lovewbz ferce low
E=g(E+tynB) omd se AHowe on oo Condlucker ™ o

e flend olF = Ta¢aB. Agoin ewodncodduy,

o wginitesimal \oop owmounmch swifoue AR Couvging
cowvents I praduses oo dupele B-Rald o[ wwowmenk
Ld2g (cf eeoicdiyole). There ave wo wogneic. wwonopoles,
hence M2 owmdt M2, Hewce Hor e owmrents (cop B= TP
wita  Yie) = Mol(v_:-—g;f)-o@ /e e for oo farte cuarent
lopdune  Supgerpasinon, ¥ =(Mol/ar)S Bols/ea =po LS2/4T
where S Ts fhe sIid ougle sulorendedl Ak ¢ by fhe loste.
Now Wgvaxe B owounol > resk bop C=9S5 pot WResecking
e wie 4o ger Awmpvell law  $s Bl =~ $, Vv dd =-AY
=l whemee M anck M3 n MR Stakio cwe . Nore
Wok ) oxdises oulyy Where  cunvemt Voumishes; i€ mouy e
wudbivadues . oo non- stmupliy-comected  region .
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S V' B=0 we wouy dejne the maguebic vectnr
potemmok Ae) suon ok B =YAA (see Vecknr Codcubus
or W&LWQ) A s wok WU w&wm
oMy V\{J-&-Ao.vex\t?\dw we. mouy do so I swun o

s to Qghk TLA=O0 (Ke oboxion gauge) . Them
M3 Swmpfies to Vz"ﬁ(——~/u,oﬂ. ce§ Vl'q!—-—p/zo) wWwiei
is sowed A Cortesioms by Cr)-—““/ }(,r’)cisr /R

ML cuarenkt & < =18} oucbn_%
ég’e)c he. Blotr —Souwowt Laus Br) = Mo ac".( JecN dsr/Q
, o o Wae Cuvenk; BCr) = MoTy faun/es

BExomples (1) long strughts wive B = . IAC /2er® T
foree. g wnic length  between Ppoxolled wires  cowying
comwemes IT g ,uOIZI"/ztcd pere. A Is thhe Sepaxcxx@«n
Mls s addrocow, tg the menEs Axe T e sSoume direchion
Note Aok M= s ustd or e dgdmtion &f xhe  Awp.

(2) Cuedoor Loop, voudums o in Xy-plame ; ok distouce 2
odong z-osas, B=%p.lot Ca*t‘)saé. (3) Iwsicke a
lowng stenodh Wik n st per umit  lengtih, cowgang
aurems I, B= )ro\Ig —wote_ ok s s uwi{erm .
() Juswoe o Lovg WW\OQJL conoliucker B = eIy /2wa’;
e froe & wwkids, hewe Ave  plaswaol  pouh effeck .
(5) Force  on owmvevk logp , dipole vuowmemt Ay =Jd3 -
force Wke dupote F=p- VB cowple G=muAB (cf pAE
for eledoic dwpole).

NMowwell  guessed.  Ave aedsience af the cusplocemont
Crens €, , dunce Aveovericod jwidfrodkion veoly cowes
from Spectol Relobiviey (ke IR Rouds) - Ths s
me%ww M).e&; e e vowodow s veny voed,
SN Mogo= Vet v 07T i Apelging AWV (T)) 4o M3
e gives  Cowbenoklon O}  Unowge AQOIN. -

INDUC TToN .

= ,BAS is e Hux Lou@\ S\Miaﬁe S Ais s
e oo oY \Waes of force Swee M2 up theyve conserved .
If C=9S 8 O wwe, Mis  prodcac am ewmf —P awbunmd G-
negoive Sine  Curevt Opposes Chomge ™M B-fiad . The
cousecst by O Vomgpng Guvemk s V=-LI whee L, a
conrtomt, s Ane  nowckounce . Dischowging & coll  genevores
O SpoNk Mis s the enarg £L.I% Wil is storesl tn
e B-fud Zoe 4o B*d3r  (cf e LEB%3). Alse V= fE-dL,
o hence Mu o ML .
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It we lhave 4o wagmebieoddyy- inkedt clreudts, |
Chonging ME mvent in one gemgrates am enwt{ £ML
A e othesr  Wwhweve M e wiwkbuald  tadwcbomce |, wlich

(e on 1™ coil, 1=1,2) amd M*=LLa. Uhowmging
elimer B of Ane geomeby — Qumanodrs am emf . Bg (1) rotoking
P\cwxe CLlCunt o Aedd d): A;Qcose/ CUNECNLE
ARuwsE/ R where =Oweon, )= GMEWIo velocity e

R= cirouwikr ecorcad  vesskromee . () Foroolauy votaking dusa:
emf L wotB  ebtwewm cenme and  rm (o= vrolius) .
(2) Moving coll vliropvone . e f = -l - Wl |

ELECXROMAGHAIETIC, ENERGHN

M etectrostodnc Seld does work on & Cuuwrowk
ax vove Jf, §jdr, the Owwic heating. If j=¢E v gives
7 Jv e .Usdng M3 omd Mu we get |

- Mk Sy LGBt B/ ma) Al = S, j'l::d«s!: + $5y . EAB-AS , le
Ane vasse of oacreosl i%‘ewmwmqmexte enaiqy is eopast to
A2 oge. of wodking, ewn howpes plusthe voke &f Plow of energy
oux acrose IV, The flux iz P= A EBAB, callal me Foumeing
VeLRC | s MEoMONG 18 venwocak & e s B VVAQOUNA
when Wegowed over o closed. Swrfoce SR Ahe ool ot
Vaio: £eld wany e addad. 4o W wikh & afeciing ¥he

repull | Exowwple . staadl) cument N SroApE wie 5 them
BEM L Wie ondd viowze only outsidle tb. L M integmoinon
me. wetod coriiN o 1S Homm oustol e wive ; s B eomal o
the owmic heakdng, bwue ke enevgy Klow is net neessoudlo)
onclroy owksia e donductor.

EXAMPLES .

RAUd disconbmuuites ‘eetwean Voo S conduifor -
AB )=/t (&=suxfore coupe demarty) A3 =0
AE” =0 A B//: }J.o JA\L\ (§=SMW CAURANYRN CL.Q/V\.S\NKB )
N = uwne nomak) . g aycdbagwmicod  Celd Conduckar -
camvens L adds  C(uxke avcotl) , A8, LT . Pewowens
WOt & Suiperoonclucar - B=0 wsde | use metivad
waoges. Swifoce cuarenk, @gives vepuldsive Afovee equiylent
40 Aok dueto an equol Oupole i €he \wmage pasition.

Redoxoxion bme . Nowzem chowge deasity o o umaforwm
meolium  clecouys as 6"t'3”/£° wnieil ol Urowge On
of OUC  INAITY - o/ IO s for a wmel, so
Eoke Q=0 L ConsuckRe. Then we Wane thwe Bguoken
_g@f&e%fg@lr\_ﬁ ' Vz§ = /XWE_*‘\/C_:.E. Also Vz'%;'w,(og‘\"/cl g__ '
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Now ook £or Vawwowk souakiowns, E(r,©) %‘wbgo(,c)
(ie fe read povfc of Hals, buc vhem dealdigy WKl P
fanckions  Uneorly we uwsuodly owit—m sauy so; however
be cureful  whem wulklplying or squowing @ ofpten oo foctoc
of 3 15 weeded]. At ven Wi frequencd, ie i >>p/eo,
= csvens dondwakes omd Ahe Conoluckv Thy
is Omelevams - we gt Mme  wowe eguakion VE=YaE .
AL Lo Leguwency conduckon domirotes omet we Wauke
e Lffuston equakion , VE = yuoE .

Plame wanes in vocuo. Twe padxs, (Ey,Bx)owd (B, By)
ouwe,  cowpleck . Polawised soukion: Ey=Ez=>Bx=Bai =0 owa
E, ="k By = Esexlicot-ikz) whee ko=, k=aove wo., w=
OMGUAON  freOuBniny ,  C=(paoto ) Tt = sperdd of Lghh . Thus
E(r,0)= Boexp iwt-kx), B=kAE /0, Ec LKk, Ec&k Cowstowt,
Then (E,B,k) form o QAL “noumohaal ortwgonad ol .
Obligue roieccon VY O Swifoace, or U oMOMBSSTon twaugi
Sovme onpotalds  mawy Alhedt M o polomsoxians oillerently,
Whike Wgwe is a windiue of  Juguencies & polomsakions.

Nowak re%é\&x\ovx o __pecfect. conduchor. Incidlant
wone  WoE B = fE exp kotka)l , B 5 e@ il +«a);
reecked wowe has B = -Zempilvierke) B= g5 exp i (wrrke),
So totod £eAd Woes E = 2Esinwtstakz Bys? Pt ca wtemkn
Tne wmilecked wowe © canset by an ascilabing suwfoxe
Cranvent Jx="‘f"/mc Cos L. TWis causes a rmdiodobn prassue
0f €& in tume-oweoge. Twis Ts WRiprered as he
womenkbum  coaned vy dhe pdlavk cxowe w1
reversed by dhe  vefieded wowe, TTWs agrees  with the
breooment  wsiag Ahe Poywtdag veckor ; e evengy
d.QMS(ty W Lonk R e plodre = W=4g BT, oo
emengy wowels wiA  sSped c.

Twpedfect concmcdkoc. Now #ee s oo )
wWwowe  WWidA an BT where 't:=2£°7y*7‘7450w*’0£w’9

olecouy
wilh  speed <C. Twe swface cunent s naw Spread
BN e  pemeraiing T fOor oo condurcking
S e et S S
regreckead , bromsmitted ondd two  wBwol  wawes e
FOMUOON.  presdune. on e fronk 5 wow QB xhoua Kot
for oo perecxs ConoMmihne.

Paxallel -pfoke cokociteor ox Wl fvequency, .Solve
(torarivelyy wotng the  displocenment cumrenk . Then
E=E, 9T (wrloc) ot ABtoMKe r Lrowma OBCS , Lanexe
To is Yne mro-Ovder Ressel Lmckion (See Pommw),
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The cewedton teams oxe viegliglole evew aX  vaollo
frequencies (RF) . Raduaton cowity . codpocitor wil isolaked
Pﬂaxes . Resoncunk frequencies  NITC /o (w=h,2,---) . Stouading

=SaEBW cos "BEF VST ool sty B. Swoin
a,cauikg forms ok o oo loser (PowtTl Quombum ELRUoronics )

V\bueqwz. pipe with pecfactlin-Conducking dwnedc LWalld |
wawe eq.i\,\s@\e There cwe Awree vwodes of Solukon !
Q) %vumsuerse eecnc (Te) E,=0 By#0; (i) tromsverse

(TMY By =0 E,#0; (il) tamsweise elecoomagnesc.
Ey=B/=C — sutllow to ’6"‘2—6 Space, but weecls brao

CoNCembne pp€s . ordler o Soks bowndlowy condisions
nonbiiodly . Opeicat vaaweguide assS fbre)  warkg

Svloaly , using totod ol ton.
TE wwooke an vectax\%umr pipe: Bz = "'G b%
Ex = Amacos o> sin "'—expc(fw\?“k.-!‘-) x @

53--Amsos\n'35; cos“‘-‘-l’ epp TWE—KZ) W =0,,2,.-. azb

K, W sakiafy n"ftz’/a, Wit/ R = w /e, wiwia xlue
generad soukion  eotoinadl by superpasition, Ansy frequenay
w> /o Can prapagpse, wmmmogk for
coon. Phane velotivy ( propogpiion 8 wave oM’ ) is
Cp=w/ R >C , bub @roup velociky (ot WUN eneXghA \om\co.qp)tes)
Cg=ck/w<c. [See RUWE Wanes] . Gek B from JAE=-B=-iwB:
alh  components wowzeso. Thesre axe ek <heets n
Xwe ovaolls. The TM vaeode s reaked s\“mm%

Mence also e stonding wianes Ina  culbbicold
Covky g} dimensins(a,.aa,az) . there owe  viow oUSoretR
values  @f w odlowed , mowwely w=2E3 eik"z/qg)’l for
e{—0)| L) -es ('L/\ L3)

Note: Twis couNSe Summomy Wos  bowed upom%bﬂ-omec's
excellont lecoungs of Lent 1980 After wy showing Wana Ane oiginal
om qf MB swwmmomy W Telvwoun 1982, Keith Mot  esqoloned
biefly W& altermatve feoment , ad @iven N WE own lecowres,
I hot wtended to vedise s summowy to wdde am accoumc of
Aot taabmvenk,ouk was wnmobe to clo so e for tuis edliion .



