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racuces on e.m- € prapor‘Honql fo te mte ofclwye o¥ tlua.

Sefest - a[Bd (3

L H\e, e-m-€ pronmlej a cwrent €low whase mayllélft ol
alof‘”es f'he C"laﬂfe W aw.feo( it (LenZ\J Iaw)
L MMj Stokes' theorem, we com write

VXE:’j

ot

Celf- inductumce
. Sele-induchmee i the flax linked back b a ciewt ag a
Cony equence of unit cwriant (buwing in fhe circurt

= fé & clogonclont- on ﬁeow@fry
I

€-3 ébf msoleﬂon’cil gm = Ho/‘I , ¢$ 8‘n/4 nL
. LI %: Mon;ﬂt :ané”

e-g 6 o couinl cetle, B()- LT ccnt @&r
= ; el = = ol
¢ Lfaem > L ,u{rr,nl%)




e b o fowr o€ norfow wires e

/- fiﬂ}

Gest aﬁ\a;L/Je one wite. (B(d= =

-,.(t'/l’;‘(;lﬂo\ 'M%ﬂI(M

oL@ - o Waj)
m * ]

ey
cla
=
L L

- Self-induclonce  relodes fhe v0lh7e acrgsy o cicewt fo the
foJ{ ot ckamje of amrmi. Across Someé _(ma,” 7«/ In
y - _ | d
He  cirewit \/7“1’ - o_gi . Lo,i
L honce 6!&«/(@ o et with h@l\ L cam creafe
o huge \/0”078 (e L0 very 7ué¢/<{/y).

Ilictors chote enelgy. In o AL ;

CM’CMJ‘, we hove V/=IR+LT QE

P-vD= TR+ &(iLT) i
b hene the enehy stoeel s |U.=dLL"
L amiloaly o o capacitor: | Ue = 2 CU*
Lie wducho shte jn Eield, capaciton i E-Gols.

T, T

- A citcut  can induce an emE i anofhes
cicwh.  The mubual inductence & olfaed
by My = G/T, |0 Ak, i quanl >
s SVMW@I’('C- Proof -

WV
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Ly cons idys T, =1, =0 .'m‘h‘aUJ then 3m0’Mal/y ncement T,
b the enefjy in the B-Fiell s they = 7 LTS
Lt 1, I§ NOw .'ncremanlf?ol , creakes U, = ;Lzl;f but-
also indues an omf (4 fhe fiwt oil
V= LT LT e M T
L fhi muf be the qume i€ T, was incenaded Gest . M, =My

for o smple Couf)lec( cifcwt, I
V> Lo ok < *1,
\/L"LLO(%}*MD{%‘ &Xf&;M
L the pows of the cicmt s /T
() = V\L 4-\/7.]:2 V_,% +Iz
::Z'(" 2’1:3['+.21L2L2fr|I27V17 1

BLheace {he cicut erersy au be clyjval 6y ciw't analysi

-\/\/e 7)) gkow ‘H‘“J' L|Lz P le or e?w‘vq,ée/ruy OQFme

a wuphhj cetbciat M=k /LL, Ockcel
b K=| meomy ﬁ@c‘— c@uf"‘ﬂy, eq o Jaw@ wow/ Jbleﬂw.”(-
L,) e)gen-/muy o con\HM'f }uw&r -HQ 760»'0"/‘;'( meom
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ém@vgy flow i resonant cireu ts
. Foram RLC cirewitolriven with an afullaflfy
cwien] oy mpw‘

TW(OWJ v, [V
-for an roal Wiféme/ the e «fgg ¢
Flux poses -Wauﬂn both o e V, ?’:} l«l 4
the coupling ongfout Wu@ = —

= Vo, = Moy,
'VSInj Hne expfe.mofl {Zf H\e Jelf moluc/mq@ oL o coll:

) |
L~ 2

“We cag e how ,mpedamce Hamfo/wu
n o {ramtbormes cifeul, with o ,an

comenfion oy (hown.

=2

Vo(#)= IR = T, Roywt
Vo(H) = LT = ~Towlsinost > P=-1%L Jandet
VelH) = [1dt = L2osnart > po T2 - Jsin2et

L eneqy s alwyr disiped by He resistor

L ey Cow infout 1o the maine/'vc &dd COWGJfUVd[ fo
oegy Cbw outhn fo the dlpcfric Geld

‘At resonance, the mognehic/electrc anergy storge portectly
balpnces | ie energy skehes back and frth behween components.

> P: Iozﬂcmzw)'

L in
b ¢ ZZ): c/l{zljemfo&mcﬁmn wl T P W= /4/-:(
wing V()= VE
Vor L% -0 = wlT M, Magetic_eregy. z
Vz"L AL v Mou; - 'Wl;szleI, < for &ﬁ"‘\?)e ciewt , | U= ?'.LI - E,¢I

5 then Suh V?.’T‘ 3 dnmma/'e Iz, and  tewrite in

tearms of ﬁtwﬁ[brmef dlimensions .
o 2 = whzl /)

fwly 4'21(”1 /N?.)
bie the Mpr |‘mp06( ance 15 equivalent
o iwli i Ma/ud wh < saled £
L gentrally, c./Ln 22 Zz(‘/’/mz)
S 2 = Z (V)

! T

Al

- for {wo cewmts, we can didibule the T, M ferm

e‘l“"ﬂﬁ betvieen cicewits and write )= 5’@,1, +10.1,

* For o a@llection of cpitend [oops: - _, 2"’ ¢.1—,

@, u%heﬂglﬂw:alwpcx —

k L NB: this induder the wlf-erenies of e loo@
di cerent fo dpetestodics,

> i} would be the ame as the chofrsbs case it @ wen

dofineg 4o be Clux e fo cunenls ia the othey V- e

(1)




ols
. for ore of theie loof’s @
0, = feds = fadl

U= 2ifray)
la‘H‘KO’MIge eneralised kacwfen,t,‘nqualme:
U-if\,‘J'Ao(z & amhgous 1o = J [ pVolz

Sice k=T y= 4[4 (e
. We o then we o vechr portity  fo expamt#b ndd
reoaon olput the oot of of fle qwatfies o fhe subace

90@ Jo |r€1nnlj lga,me as afh:éa)

‘U(f): ZMD)B[I = i'
me/fyg Aty

B(r)-H(r)
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E lecho magy ebic Waves

xd= T

" inonsifen! with cﬂwye conJ, whith

g4ah: that V-T="% . Hene we musk add o
o(isplqcemewl curiemt. Moxwgll's e?uaz"'m ae then:

VD =y > Gans’s Heoom — CMHE @ Gl
\7 ’ ﬁ = 0 . S Gamy's 'HlCU/éW' no M&?Vle/-/( fvon,yp/e;
VXE = _ﬁ i 7FM0.403$ [QM/ Eoma(gw wuﬁ(eo(
VxHd=17 *,Q = Ampere’s lans  cotont ames B folol
I free spoce, p=0 T=0 D=eE E=peH
Thus Tx E =-po . 16 we Joke the coad Q9cun
'}lom = \77'E ;\A.,Eo =,

L an IO‘WIth,( equwﬁm can be olerived Cor VZL?‘
afe

L g a wue e?mﬁm becomse we cam s
VL = (P66, V6. T c= Vifha

“We can ook for plw waweJ ,oro/)c«ja,{mj n the 2z
ditechion , where %~ :
o) = & %

v = (-5, %,
G *% =0 tells w5 Hol éﬂW&Mw
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b thae e fwo erthogonod  polavisations  (‘chavacterised - Because of fouries theory, amy Eield can b dosiribed
bV He oxij of E), each with anm E-H 'oq,{f. of fome C{)am'b(y inCinite) geries of fltme wowe s

L both the E, amd Hy owe Womgerse wewes with gﬂeeo/ o ) e ik Py
pajeiufm or mayne/'i( mokenod, the EQC/ 4= //ff ’fls (k,w)e“e" e " %™ Lk de

Lfor o wawe M a

re(ro\chve, {Ill)(éx o;; n =, /Spe L /),5 15 the ;ﬂecjrml é:mchbn
“We con use  the relationhip betweon Hhe space-olon e L pofe thaf the K'S owe ek inaQ/)enOWf

of H, omol tiwedorivafive ot E. | olong with He
Corm of o p’me wowe Ex: Ke[ = exﬂ( L'[w/»-kx\)] E nggg £|0w

to Show: Ewx kK _ ~ " The rode ok o hich work 15 dofe by a Celd on ach s
Py b A TR A (GEA) - qEy 7
b Hhis 7uamh1y 1§ the fmpeo(q,m of tree gpace 2 L for a chame olist ibufon : [P = fv E-Tolv
5 for 'ompm?q:ﬁon i some mechum , A = ,\/’T’F"/gr& K bhemce the fowes d&:.‘/)a/ed 6y & curron] per wai ¥ volame
b Z com be thought of oy 7umh¥yiry the ‘response® (H) w: W= ET
as o reult of a Aistwbane' (F). - To calculake the power Fluk, we Mqla,de the 7Manhfy
*For o generad plame wowe: V- (ExHl= id-(UxE) - E (7xu)

E (x,§ = E expl iCk-x *Nv‘)] ;Z;W:Z to L)by swhshihwhag fom  Maguweld amol I’a//tl)y the volume
E}/C%") = ’jﬁ "xfﬁ"aﬁ_’& - *):) part |\/l“‘€7f‘\r( (W“nj iv- Hheorem on U’U)z

Ly 4/ . =ik F . ) _ _

> 10 ean 16 show V,E k E ( likewnie &/_@) é(v%@og “ﬂ(ﬁ[z’/“’ﬂ!’]*a%[zl"’/iﬁ]*fl—)dv

VXE='—!5X§ — TN

Lo thugy I 2 Eo =gt s § £ A,k Gma olofines pmpujc\}ioﬂ ruke of \ivense in stoved Gnagy ai’:ﬁ’.’%wq
K % Ko = —tug, Eo right-handed _tyifem + This since the RS 3 the chamge in power, £ x4
b 0\/(50, i:ie =é'— ExEB - ymore 7%69’&( Jhewn /E/: z/H) mugt be H\E powe/ Aux wile -Hle \/o(wve.




- This clefines the P@yn/-mj vethor : /J[ = E < H
L quantifies the ditection ool maghifucl of The
{)ower £ux
b nonlineaw 1n Geld o amnof fe fupepesed,
Deg fora plane wave fovelling in 2,
£ =(€:,0,9) | | =(0,Hy,0) ='W =(0,0, E:/g)
6 we ok ingtead wsing @wwkx vedor el £ and ﬁ‘,
power Alux : l_;“ Re[ é‘@*]/

M%?,H’Lwie 0€ 'H«Q ve C‘Lol’/

H@ O.A/efa7e

Lthe mox roke of which oueryy sloshes back anel éort

s g1 ven by : [ [ ExH*]]
5 when E owel H owe in /kase, Hhe wmp/éx [over

I o fecd ?um#H)

- For o wowe normal/g incidont on an alz/bfl?fng Surfoce
the osidy s given by PR, x ( second
Ljﬂiﬁyl%bﬂ =7/M~zr//y<d4 = W/,

'% €0f a I"Wfo'l\' E:pc = U: /g,/c WAM 32 Ls
e jocliodion mmomentum o@/Un’Jj
L hence g = A . amd dp = 9,4@&‘

- The padiation presuwe s the rde of chawge of
MOWW\M d me}L oreq. E:gc ) R= l‘!c
L |2 | dowbles (€ the swtae refects rocliakion
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Reflecton omd frangmigion
. Congidbr o~ (Jltme wonR incion f on qp’qme obé(ec/f/c, W

g H.,

Ls jncicbt wasgl ,oolameo[ in
p[awte of poge

- On H\Q DL«MB'I H\e

2 Ls po %SSumf)Hom rmeole
on iedions o Wla}ht'{w@
of re{(ec-ﬁon/ #Mmi&s)bn.

pdled comprents of fhe Golds
E. acp U (kix sin; -a/,é)] cos&
- Ero explilkrxsing -t ] cos 6
= Ew &<p£[ Ck L,xﬂ'n G fwekﬂco.sé?f
L> fhis i only be true in general i€ their phases
/W’J'C‘n- Thus : Wiz Wy = ¢
K:sindi =K. Sindr = kst
b but K OQdeJ on h va k= "%
b heme:  9i=0, < low of eflection
NnsinG; =NinBe < Snell = )oaw.

Mmwb be conbinuos !

- We can then amalyse the power {rammitted ad efkdel

(E.‘o ’Efa)wj&' = Epcne
L then mofeh H,:  Hio +Hro = Hye
= N CEJO *EfO) =M, Eéa

SN

) &



L these 2 egs com be solved € 2 wmbnowns :

Y\ = ELO - f’% (9¢ - @P\
S Fan(gi +0v)

‘é = E@ = 20056
" £io (" )caBi +Ck

- Thig assumed that the £ Cield was pdom‘sa(’ adong
the p/ome of incldence. We com jastead drive (F for
Hhe coge that E pbla,wkeo( ferfmolfkw/ar lo e fo9e

f- o o (96

Eo ~  sin(g; +&)

‘é - Eéb - ZC@JQ[
L Eop Cos@ + ("Z/nb(asé’é

+ These 47(4&1‘1‘0/[5 ove FfedV\B( 'f f@(a}iam, omd

explan o pumber o€ dpl—icaf phenomona.
For vwfmaﬂy inciolont Il‘gm, we co wse a smgll-m gle
approximafion fo Gind the fower teflection cetliclent :

- P
Qll - /,ﬂ”/z = n-| ) e Soume tor Ki, Tu

NAF
* There 15 a pMHaJa,/ M?Ie Cor which y, =0 This
i the Drewste anglei fon G5 = N,
€ n>n, Cey jlqg Sair) there 15 o cpibial Olnj/f
bef/orw( which fotol iaferaal (eflection occms. sin6.="/p,
L on ovamescent wove 1 proolmeo(, #qﬂd(l}lj alng the gutace.
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\/\/QM;S fn..plmmqs
A plasma & o region of spre where fee eleclions and

thea? pa//enf o e fresent | (e agum e that jons
are sfafimony  thu the elechon skbey:

L . _e(F+yx8
me 2%, (E 8)

L electons flamas o pot Gast, and we know that
ébfqg{wne’;;we Ex=ng. Hene vxB can e
ygnoredl - - e o
5 ® = P ,E-° e/xﬂLuCkz wl-)j

L e elechons exillofe oround their ions with am///fwﬁ
'}'\Veooely pro/Or’?‘/vnq/ fo the yodiation 67@?

- The re/w/ahbn of electon ion ionE creodel o dypefe ;
2 -l = T mewt? ~

L we cam 6’\&') MqL,Je the qu}iondhi/ bedween the
electne Geld ol fhe /alaz//:)a,ﬁaﬂ fo dive the
plagmas permihtf/;vgyé

Nuwnbes _’/“/ﬂv =~ meawr = omel f=£o(£r—0 E
Aok ~ 0,2 >N ez
N [’7/()2 , 47 Zme

L a5 the plamo fﬁ‘]“‘my, autl 1 o moterial) freferty.
L wsl&ng the ob\dﬁc}f IC €orma/43m adeWJ w fo analy/e
behaviow’ n he ame wow as we would am inindador.



- The refroctive fpolex of o oidlpctric s f1=,\/£f— r hevice
for o plosma: - > :[I’ (i
wz

. The refractive imlee s mqi[na/y when the. voolicdion @ey
18 below the //Ouma (reguwcy.
: P < N - |~g
nzipg = ks 2=z -
Ez Eo exp[ ~2¢£2] <ol -it)
"‘7 .,'Q HWQ IS o ﬂOﬂ“f(@pQ?q,/"‘ﬂj &,ﬁ,n&(cew/' wWave

L the magnefic field i low Ereq

Hfj - Efrf: :%90 Ex_ /\/\/L/\) \\
L became  Ec andl My ae S AVAYa

owl of phase, +he owerne \reflected

power tom witted 1§ zeno.
L hemee all neryy must be reflected -

'Aéove, H’te plumq Fm?uency, Hte ﬁW@LLJVlj wawved e

S o .7,
oUSFem\/e. V, - g/_%; Ccl’%ﬂz) 2

K
2 oo _
Vor Tk A 1- &

L while vp>c ks the Group vdocﬂy bt carries
Inform ahion  gpel Vg <.
L Vs Vp =c* , whith oppli® fo wwe;w‘o(&( afy.

\owes_in_conducting media

Robert Andrew Martin

VXZ’i T +% oF
=o0E+ &% 3¢
Iaa&wminj p/ame waves for E omd H:

V;(}:‘ = -l'a/ge(gff ’_Q‘)E

- From  Moxudl s @ciuaﬁon.;;

o ) ~
L we can tha mool o real conductor o5 a clickocine
with contont: (¢ != (¢ ¢ 1o
r w&

) ln o 9@00( conoh/tcmlaf, f_he I\M°l7l\f|0//] /owf /J mucé

3m so ¢, = A2 . The refactie wdox (s

H»MJ complexr I\;A/ETIM - t(/*;)@

L with K= 2’;, =07'\/f/‘_4°z, the solubion e £ s
£ = 6 eal 2] o] (4]
whee §= 2| 5 the skin dgpth
g fofAr

Ly the  ghsin JZ/M Hhas choncleries the %///fuoé drz,
of the HM(//CM} wowe n o Conductor.

A conductor infroduces o Wy /)‘\QJe diterence  bebween E. W

L?)‘m/eolamce 15 now com/)ea

Ly ,oowaf s O‘A'Jfl'pafeo/ in the ontutsr
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Gw'led wowes

* for /ory wies (0>A), we mut fake jato acount fhe
fock that \/ amd T hawe faiﬁianﬂé/mdeme (e they

- Congidpr o wile cmry;‘nj o curfenl with (fc? w
L becaute of the Gnite concluchivily of the matuial,
Here |j an F Gdd on the curtae . Combined
with the B Gdd Gow +he wte, there is

N paiMfﬂ? row&fi//{g Nivonds owe the esult of EM yavey), v A s *ﬁfg"ﬁfﬁiﬁﬁ“’” ot
L Hy Cnengy Elow mudt o(emj based op He ckin OW ¢ Teomsmigron lies com be ugedl for ol = 1, while for
L we dpfine & new cooralqhq/e X~a-F: Aced we peed wwqwdu.

j.g = To &f[' &3] eﬂp[ '(% —a./[r)]
- Herce ojfﬁna}iﬁ cw/renb endl fo Elow on the
suiboce of the wite — thir [y the ckin ettat

- Whiles nohnlg conduct cwrgnt | they jwa(a/ EM enenyy.

L> pecawse the cuvent it anéinel it o smalles gyion, - The simplest tranmitgion line sebyp is a pat o wires
He yetifomce of the wite increases as ﬁeg T QMZRI L and C per wnit &engu.; | I
T Rds »2ma [ ToCdx ¢ st oy oLI:- ;’1:¥| f-(léra\\% f*—% Ve
ST = 2'rra%ex‘o[-iw+]f:eff[ f(i—a)]o& Ls in Hhe limit ols 50 o I \UM%“
> 7T = 7oL, S %ﬁ”i’i 9’9’2: —C%’Y [ oo ]\/2{!
5 (JW)D° = (Wafog)z > *v - 1Y PT 1 PF ( _
b gimilarl, < T = 3 T et 2 TP TR Y
L p=TIR = @LL and P i townd by t“ﬂkimﬁny > hence there ose valfu?e omd cuwient wowes with =t fll_z
L Q= Zzwy = [z L> with the engineerin convention V= Vo oxp[i(wht-k2)]
- The resisance fer anit ’@M is o 7€ oll corent Elowed we hwe Kk\zowll = 2= %:ﬁc

i Cormly i o chell of thicknay [ L> this § fhe charactershe |'m’)e0(wnc€ of the ne, Z
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- we could fe{;[qce the trammigion fice with a load L ja /eab'@ we would we more COWV)/,m)lQO( eyuqﬁan that
of impedonce 7 =2c withoul choaping the behowiow of olaseribe edlce effects.
the terminaly = {mfedamce wmafching. L {-echn:kajl] a TEM wowe § ao#m//arlfa/ cmee fhe
5 S olickchic only Al half of cpace , bub 1 i & goof
Zc

o - —o 0 : .

IV 0 — Tv agpror 1€ A much bigges ~ thar fle dmennons of
’? Cquivalen) the cilamit o am( d (e low ﬁq.r).

. For the pic of wires, (= l%ﬂ L= g_" [n( 20/ Eo;a@: fow on ‘}(wmlman [wes

= Z = z} [n (¥0/a) ‘ ér M0$+J’QA41OJ/ B and 5 oxe Wywller? G
m . perpendicnlos | o Hhe /"yﬂ/'frg vecfor
L>1€ we Gl the space bekween them 5t a clfwcf:ic, =5 w(woys pomif w(ﬂry Jhe vre. @w

———

* For o coaril coble, C‘%tl& L= ZEWO‘"[W %% "we can ciuamLi@ fle power s the negofie of #e e
L) b l"‘ oéc)bnge of .fioved f,_fe/yf!
=>2=Zo‘“‘§~,/¢) ®/y 'U’-L 10T +3 afele
Lomat cables are mamstachwed with 2={02 or 2-7/1 oW - (b, 70T ,cydv . o
Ls the cable may be pal/'fd@ Cilleo voith 049&’(//1({ :>-°tk -—fa LT 5E C\/Qlf d 2 (%,(L Mf;w/umww/ne
but will only agport o temvese EM vawe i - fLIQy +v T |z :
Here u fa.al,m,( ,rymme//j (¢ 9//(44(%() a a a2 Iz

“On PCBs o wseful .re/np 1S Hhe /{'%%cf%e [Conpec o] = LIV](, "[l\/]u
Shrip }g{ug%mbn line . Gor oleo: ! L hene P=VL oy expected -
(= =X , L= &5 = 2= ;2"%{ SRV - € we Jerminade o Hanmigin fine with o lcad Mm/t/le:

L hene Z can be contmled by changing fhe wihh o fhe conductor. 2 | the bool aborls all the pouer.
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€ fhe line « fomiaded with an o——0 Le L> hence +he dimenyion of the cf/{w’+ htwer e eyponse
impelonce Hhot daesth motch 2, 2 V| []a - Fra sl e, Ze0 = F = ihmka
Some powel will b eflected . 0——° L pu/ely i?naylnw] since the [oad amnot absorb power

i =V, &p [J (at-k2)) Vil ex/)[J'(mhsz b b a chorfed i an be wsed o .r/om‘/e.nke an
T = Lepljwrka] LT expl jlat +k 2] impedewnce. |
incl cent re€ | ecteo Ly gimilady , bl om apen-u'lam'#’d Jice 2o P 2’"/27 =10t ke
b Ma/fchlhj 67.65, Ve =i+ Ve Ja ce On&,'/, (é:o) - for Hle Sfeciol cae of g 7%04/2/-14/0//9@"}'”4 line, ceska =0
I =Li+1r & ,horever eovieit- i 2 S Z. = Z°
Z. =~ W, In this g, ok lood T4 2 Z.
l> thii gives w the wvollye r2Flectin @efficient L honce. the Az fine enswes fhee s o @heckion
=MV - 2y & b B on'] works 6r a _ciny]e Heglpncy
Ve 2.+ 2
Ls we can Cind the cwont reflection ccetficient fo pef-fhe \A/Mcgmdef
fo:‘w( fower -Losies in traagmigrion liner lncrezie ::}niﬁ'caﬂ*@ ot voy /uﬂ
frey due fo the ki efsect.
M@W 2, Wt ides alow EM wages b be propjaded. fhoug)
© (ool & mpm hed [ he  with of\_/___\k//\_oz-’-o hollow #«ﬁe«f, ithont the peed for o ceond condclor
2in =20 such Hhat ﬂe Sowrce 2 :‘M’ N 2 L dranpmilrion fines ane gimple f/)éa‘ﬂ/ cases of wauqm'ﬂéf
ool bs ol rflections o(_%o’ #\w{' am e anaéf)ea/ n forms of \/ omd T
Ain s Vi Ve / T - Vi I‘:lf Haveling rofher fhan E omd H. x € K, >4
LivI, Z2=-a , ' Z ‘ 'Z‘(Z backunnr L we cﬂmi% fwo ‘)lane wovgl  with e’ ' H:
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