Phusics 15¢ (HoPian
ture 6
Thurs, Ocf 2%, 2010

E'&C‘Ybﬂlagnbhb Waves in Matter: Refecrion § Refrachon
Laost tme:

% eviewed Maxwoels equations ard derived Love equations for
eleckric and magnetic Relds

* E ord B o tanswerse waves and perpendicular fo eadn ofher

Iﬁ)r@nsi}b (pouerjorec) of EM roaves: T- 5 CEES
¥ Polanzafion = direction of E fr EM taves

%[ inear Polamz,ahon d@écmb@ a/\\nj E Adirechon Mélfg ﬂms_‘basis:

< Malus' law: Tour = Tincos®® (& angle behoeer 2 polorizers)

% Ciccular Polarization: dicection of mox E rotates arowy £.-axis

Pﬁn‘r handed: [eft -Ianded:
Y, .
roroics/[\ Em ; \\ .\IEM
|\\ E{: /,’ X :\\ T]@;@z X

Geols Br MU EM Laves in rvatter
© Conductors - Yskin depth
% Trsulafors: reflection & transmission @ normal incidlence.
X HuW@ns principle
s Jaw
£ Total internal reflechon ‘ |
% Fresnel coelheents: reflechion & transmission @ non-rorma) incicdkence.
® Brewsters orgle

Conductors ®

—

Eleciric, fold i a conductor covees @ cucent T =0E
(Where o= conduch'vztﬁ)

> e reed the Rl fom of Maxwoell’s equations

No e
Gouss /3_; ; i
LOJJ) S PN
O V-E =P, ® VB0
® VE:-L ®C B = e, o= T
s ot —
%!‘ }5 ﬂ/]gxw(,”\‘s AMPU@S
Lﬁ‘gﬁ Corection W

TIn Maxwels equations above, P and T are the toral charga ard
curcent O\U\S\U Tt's more Convenent To falk deoud the
p ond fee Y35 in order to do this, e replace, &2 and e M.

[Nofa: these are volid in ary lnear medium, where, D=¢E. and H‘;@J

OV-E- %@ @V B-
O GE-2L OVxB- eud=+ u3p,
7 o T 0B
Do our same old math tricks To derve Loave equations
in conductors:
9B

5
VE s EuSE St /“Ugc

-y —

V- 91} bwja?

-

AN new term looks ke damp}nﬁ /\

We con =l fnd plone. Looves B-E.. Sk % ~b)
ond B=D.ce L(E% )

but when e plui info fhe wave equaion, e ge o diferent
dbpyslon elah

VE - iMQZQ WO,QE 5 ks

eI Eplo™ oo

>k s imaginarg.‘




Redefine Kk o spiit # i real and ima@[narj pocts:
(\L’rb:K) 2/{4(,0 +—o/{,¢0‘(4)

Clappo.
2 Lo mov'nﬁ glong rz s ook like

F-Ee % o kz-wt) B B, 63@ oz Lov)

> EM waves in a Conductor d&wfj @goonanh'al)g

= pmplitude decresses EU Ve ar d=1/3 = "skin deptn'

J x ,
7@ Typicol merl:
o~1oT AJ(Vm)
2z Z ~wer Jaf‘o
5 J Y5

Solve for k and Koo (KeiK) 2 G ui” + Luow
kK2-X*= guw* s 2kXK = pow
)
kz- (/Uf‘;u))l - i/awz /ﬁjﬁ%@)l_ xz- 5/1(,02"
- cprk? - oot =0 Kt et X2 - Guroio - o

=0 yi( (aj H>VL K QFE( '+<w> ">VL
lohen -=>smol, 1%&/\ <<\

x-ofB (BT 2
www ) s

> X grws with frequenc
ot low fequency, XK= f””w

- 5km£c pth gets Sharter s T
> h)@h i 5’rbpp@d kg Hhin meral

Tasulators

Thsuotors are even easier than conduciors becouse woe have
no Kee (J/wge, or current., So Moxwel's eqrs reduce, o

OY-E-0 @OV BE-0

/C S .3
® 9AE o (ORVENCE i,ug

t
5o e o @x&oﬂ\xj back 1o the vacuum sfuation except Loe have

replaced £.>2 “~ood e e/u_
X
Note: ¢ ond u may be w-dependent n G d!@p@/aVa edium,
Leve olso ‘RJ%T seen (4 /1~ wove plate)  That they con
be (aﬁhouﬁ ot usuially) ohrwhon dcper\dmf

%Spc&d of Ii@h’r becomes

| e _ 1 W N
C=m - W’W Lhere. 0= "index of refrachion’ = /%

= Plore wove solubions look the same.

E-B.C% 9 a4 B-Be

(6% o) (w'n“% dispersion w=J'?—;u~IEI>
= Fouer d@r\s}rj 5
2(y= B
Adabh=7 whee 2- r impedarce. of materic)

Reflection and Transmission |
Whar l”()ppms when BM woves Croes the boundary between 2 nsulaters?

(&3 'ﬁ“ fem air hits  a ﬁlass Window)
S\mph@mﬁ assumphion: start oth normal = per pendicular ncidence

Define TCI TCT
Y — N —> - -
ggl:gr*gﬁ BI/ Ea BT(/ €L=E;T
B!‘BL*B»& iBK' BL;ET

— TN
Note that Maxwel’s equations fold s that kxE= B

20 when K flips ditection ypon_reflecrion,

#E stas the same, then B muet f’fup oo




At the boundaffj :

OE' - &" (doye acoumulation of bound
in-gane. dectric  feld)
= !::I: + E_ag = l——fr

ary con't crange

@ H'=H" (awrrent fow af boundory can change. .
In-plane. magnehe tld = recd o use, H)
> H},*gll = F‘r

Recall thor [Al- 18- IEL. IE]

So the V)ouhdarﬂ condifions reduce. o

@E]:"E{L:E-r
© Ez_Ee. Er

%l 'Zl z&
rofe the sign, becouze & flips direction

Scve. tHhese equotions © ond & 2 Brd eflecton & tansmesion:

- _21‘21’_ R Z|"2L _-(21‘21_7'
Ees5im Br Mo EErs se-(5E] s
- - sz L = "721 _ l‘le%z,

ET Zit22 Ej’ Hr i;‘rzLHI o

B (&:fzz_)?' T

Note: index of reffaction n is defred by o, e n= |24
but fr most insulators, 4= ik

= ‘ f\)é_ = ;/u%/u”:.z_‘l.
> Opprexinade. ﬂ~£ >%J; E =

Mmb?; fextbooks use this appragmation, somehmes without even el
Yot that- ﬁ\e)&‘r‘c us‘mﬁ i, ble people are more familior woth n tha

N

eg. raﬁ@oﬁ\ﬂt\j i R=(@>L%(M>L=(nz-n.>l

Zit 2z (/ﬂ, t l/(‘)L Nir N2,

Quiz: How much powoer 1o efecred back when hgrt hts gass?

(T&k& 2o Zvocuum = 37719;)' 25'035 ~ 2SO0 _SZ/)

2,

R&ﬂwﬁon L Tronsmigsion @ Non-Normal Incidence : Anﬁle,s
Lorar P [iﬁh‘r hits an inaulator,  but not pefpf/sd}oulaf

X g
s

Huygen's principle _
= dow drdes b conatrud siccessive  Loavelonts

= each circle has m=A ond is centered on the prevocs Lovetfont
> drow a common Targent f dl circles
> 9@# new wavefont

example: plene wave example : Circular wave, (port source)

N

Srel's Low
/\pp\}j Huwm's pf;nc;ple/ B the efachen pfbblem:

> wawlength A chorges
ar 72\6 loou/\d;@%g
h=Co c

ne ho N, \
&>
. I
= consider wa\J@léﬂﬁﬂ’\ s x
alor\ﬁ fre sucfite

/\5 ~ /\\ _ /\z

SinG B Sinéw

> 308 . AL e Spellls Law - law of relackion
SN2 A N




Total interral reflechion
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