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Optics 462 Electromagnetic Theory and Fourier Optics
Physical Optics II

Monday/Wednesday 116 Wilmot Nicholas George
9:00 AM to 10:20 AM ngeorge@troi.cc.rochester.edu

Course Description/Syllabus Spring 2006

Optics 462 Electromagnetic Theory and Fourier Optics

An advanced course in electromagnetic theory with selected topics in Fourier
optics and statistical optics or holography. We emphasize electromagnetic wave
propagation, scattering and diffraction. Lectures and problem sets will include
the following subjects. Graduate standing and Optics 461 are required.
Maxwell’'s Equations
Review of EMT/Vector Analysis/Signal Representation
Plane Waves
Theory of Dielectrics
Wave Equation Solutions (computer oriented)
Scattering by Cylinders, Spheres, and Rough Surfaces
Energy Conservation Theorems/Uniqueness
Diffraction Theory/Fourier Optics Topics
Statistical Optics (Speckle) or Holography
Guided Waves (Fibers and Waveguides)
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Optics 462 Reference List January 2006

Nicholas George

For the course texts by C.A. Balanis and J.D. Jackson are recommended.

*k%

*kk

C.A. Balanis, Advanced Engineering Electromagnetics, John Wiley &
Sons, 1989.

David J. Griffiths, Introduction to Electrodynamics, Third Edition,
Prentice Hall, 1999.

John David Jackson, Classical Electrodynamics, Third Edition, John
Wiley & Sons, Inc., 1998.

Oleg D. Jefimenko, Electricity and Magnetism, Second Edition, Electret
Scientific Company, 1989.

Jin Au Kong, Electromagnetic Wave Theory, Second Edition, John
Wiley & Sons, Inc., 1990.

C.H. Papas, Theory of Electromagnetic Wave Propagation, McGraw-
Hill Book Co., 1965.

W.R. Smythe, Static and Dynamic Electricity, Third Edition, Revised,
Hemisphere Publishing Co., 1989.

Max Born and Emil Wolf, Principles of Optics, Seventh Edition,
Pergamon Press, 1999.



OPTICS 462 SPRING 2006
NICHOLAS GEORGE, 207 WILMOT

These lecture notes closely follow the lectures being presented in the
spring semester 2006. They are not meant to replace careful study of one or
more of the textbooks listed for the course. They are simply presented, as is, so
that the students can fill-in their own class notes. Questions and class
discussion are encouraged.

Pages are also inserted to describe the subject being planned for in the
coming lecture or in the next few lectures.

Students are invited to come by my office in 207 Wilmot at most times
during the normal working day and particularly from 1:00 PM to 4:00 PM on
Monday through Friday.

The lectures start with a discussion of

(1)  Maxwell’s equations in a time-dependent form using script E(r,t), H(r,t)
etc. to denote the field vectors

(2)  Review Signal Representations

(3) Review Transform Theory

(4)  Vector Wave Equation

(5) Boundary Conditions

(6) Perfect Conductors (lots of detail)

(7)  What constitutes a solution of Maxwell’s Equations

(8)  Simple solutions to see propagation

(9)  Energy stored

(10) Poynting’s Theorem (time dependent form)



:) Ve Ea ) =-

_,dpf",‘_f 462 lecrvee Lores (2 /A LOoT
Uy

Fd’t ﬂ_,f(;f /cﬂ‘uu- we @i/ S/‘Mf Cdr/‘ MMI@MAV;#J
2 '3(/;
¢t

,,,,,,,,,,,, ,2)‘ S VX!@,{) _ )( ‘tt)'f" é)"_p@,'t)

7%JMWW74\ fie crrrse. (2t 1o fevel of 2T GeH K f

ook —pucthckedird), o b had o cenidol Arivetin of Hosa.

W 7(.. v[;l).f’f Z wuks e willecrecs

\ ! ]
/’(Wcl‘r W&r - .ﬂhplc une X (U st /téq,. \s/nu‘
; /‘-C/ v, € Scalens
Ve chon Amdysic : Ao cover of Lo nagcueras
aclsom /1A epic

 nn gl Paprgei /ot T e e

.bja.,:r Sy//ﬂ,bux hasdoat

et Duchp ehiliy do Soloe ang problene v Beptgahic y

%“d /é_(-/ /Ym;.o 'A ol/wtll:tw Sﬂqrﬁz épfog
 Use @ellm St mmarsy ,44;‘4“67 - ¢dV se +ests



rIME Derenvevr Form oc /‘kyweu'f EM .ém!aar

, @nsﬂ;‘« uUn 6o undled fm:m N Single And leckhes

| Indipeadid Mak wells Egeathine -

L P2B(4,Y
o Yx&(2,¢)= - 3 -

) & (2,

Jatt g

"

“ 2) | ‘v x K (2,+)

Gk tubiled donioatin o ), 04)  shutriep wik
. 9?(-'—‘/7'1 '

i
oy pBan - o

_ I oD
0= Ix b - V~(9(g,+)+v-j_z— (51
Y T ome - g
| Eppede o Gty 2

| . ~
1 Ve =—g x ) T )
 Fo= gty guxd

- fae , Wi Cupﬁ:ﬁz; Her  poit tak )9 Yera 1% Lepasctosr et
Sl ik e Can dorie e DY Y Aeiganie  Goudfats

S} ‘ : &
L5 A selohie off ME- F gmtusiined 51 ¢ Al of () X



Qones 462
D/SCvs.r/a/) or goa,e.g‘
Jexrs: , =
JAcresol L EdHom
oL Luhe /- 24
b ME [ 237-2&2
7 Pacelenser 21535
g W6&/hiw  3S2- 4ol
?  Mekihy S Fo7-455

10 Sote /Od  #56- 513

CA Belawn
cwl
/ /é)/ 2 M /= %
2 betggietr 0

3 Wae Gt ISofer. 104 128

L e Plﬂﬁ/n ‘I/?a/ezg'%/};« /29. 177

5] 2 Aeckou F Trapuiiome 80 - 253
6 Veoh Tptutiet 254~ 307
7 Wey Guide JEZ'%DX
Moldie [Delebic

AR Y

e, &4/{,/,57, ! Q/ﬁ(/ﬁolww S76-¢70

/éa_ Zoo)

% Theohwnk o J5Ksm Relon
¥ OMer £ doprs v Balewis
tlger fo lechare ocden

!']wk& x 19 = 255?%45

5 13 Vs %0 t
231 poa
27¢ H 04

200 (= :ch'}éaw/zjo in Balawls

OTRER. TOPICS
Fovrim Orrics
Ag(,u.,m. SpecrvA
Wie L6 o

TreerenoicE
SievaL RevpesexriaT o)



Zﬂ/ 1w oF Devvmy  Maxoan't Eavtmons

Rav :  Lremposrares 7 paves

Macw 7o strics } [ page

Ay 's  IWooeriov LAw )

Mgz 's b/s PLAGEENT GAPEQ?’ / Poce

ZISTM‘

Viecte i Aoy sec MJ&Q@ES‘

Drreretnp Lo

AMerh Topres

Detra Foverops




M]va

{/‘/ 7oy ¢ Happorr: Theoret

: 28
2. Yx )=z T+ ¢ e A elds S I¥
3. V‘é E % g -
b A v-é = o /‘/ 2, Z—M

Bz M 3., %  Derved

D= e£

Bre Hete ML Yo Afermine &f’_ff 7

,714&_,2@*2‘ o Wit L. dtd-gz‘”‘g_, 1 1 &
A A cune fof'{’)'(

“Addr_i_mb; Cn it Hat? w‘f_ézd‘a-___;ﬁ;&ﬂ

ﬁ[mﬂdj' Theorene Fhwy Gm CF = D(n)

VrF = ((a)

M“u@u’, acdl seffctiont exnAF s A

determine ', nemely

D) Atenn Gaell s
cts 45 25 4y 8 5557
V-l =o R

T} one does w*krm VE ‘o go fo gro fattir Wme L, ot oo

-VAE
ore cao fid @ F(0) vuk fp ot uugier Flg)t+ P
V7.7 ang P e stad et
" 7 it il & cohatinn -

DorgKar ol ar tnape 5 Caperanead, 10




LI e %wﬂvWISW %\m\ = |4 x‘>
| S o
p -, 93t 7S
3 %Wﬁﬂ ) /\. .MQ A L @
! M v Zf- = wef- i
22 - Sprw
ae>d Zr w\h@bJ
%*V hadilac ﬂ\w‘% 3\. .\88 \wa
k.&m.v\w\\v n &Q\ X\Q\ B\W\ : %e‘vsn\ .\\.9\ u“:\\.\:.s._u\ %‘Sﬁﬁ $ Nﬁ\:ﬂ\ﬂ\ («\Vom..
Q@V\ wq.v“
Ay o rsmerney  wprds Fomopep) rhery? o WPy 7 o 30 ~Frewyy
Pl 7 f2 gy by of Py F2OT P w2ig Aoy
\JJ\V\::\
Vyp e Yov> W ?v..“» £y [p%%ry) S
78/ én}vqk.:\st w 273 Sty Wy osw«.wéy“» QQ.C,%\SQ
- 2 oo
\3.\\»35 .\\N\..Q S E ..W.. x%

11



EN

/
ﬁ//n/ME /L&F/wugu,‘r lé%)u,ﬁ‘(auc fﬁﬂ/fr)/}ys’ 4700

22
VX E= - oF
Eig@osTaTrcs - Goeomn s Laws™ Ex PeRMENTS

(fzﬂ j}-ﬁ 5 *-d:t_d Loo )

o= LL k., ?_/Vﬁ

e 4776 /2 72 P =P —Jm2
( A,

.- ﬁ% A S
Vg it

R, ?(93 X 7E— f/w

A .
E/{Z) = _{1'72 7‘} {_’-/a.
2 4T, 5,

SI//’ERPOSITM/\/: MARY e HARE ES ~ ADDITVE AT P

»

'l P{‘X“ﬁf

/Z h - //

£ () = . 1™ %m._._

i HCo m | 2= 221 [P 2]

s
- is
£ (n) = 47%/@(”),; . J&
Py 2

((4): ol ‘ -/Z

Forces:  F(a) = ;/z(n)+ VX/?)

12



/( AXWELL 'S Eavared s

&y - I
MKS
uan
Vx &8t~ 22 LA
= & DT Guat {i#hs
’-F.IG
7
CoviomB's £ /}'; SayA
Forne of (1) ,p/ chagee on (7),1,/4[@;/ :’/
Z 2 7.
FTjz Y
Py = v sz
-/ Lre /X,
. iz s 2
,7764"/%!;'{7 e/ fﬁa (poce €~ & &S x (0 /1/7"‘!2—
Q
5«.?"?&1’7‘15: 4 LTI K ,;7’2’
£ = E > A+ 722; 2 " .'// efe,
S A A ’
Lecree Fewp - Coyt |, Detioton
R , .
e - g’ ;1‘ P ~ ),7‘ b2 im /zh
C = l—lq =1 & ol K = A v ﬁ [£
- Wé"/z”e 477’:5,/2”19 . ———/Mé T
- \ K,
b [
Eg =, =
e, J :
’ A
4’ £ /ay ) / e (g‘) (ﬂ'ﬂ 044.!
: k’:/ - J — \ 2z - -
ATE, In-2") 'L 6A§1§ oE é/ﬂfi;’cﬂ‘.yﬁz{
R,
Qhoss's LAw o R,
Ze £ (1) = —_— { Y * I n ,,.,/'11')2 /7’-7/';}(!?1)
g 7 eo % (ll__ L
‘ 70fu4e;m R
?Mn’ 7 74\ y §
| Px g8y =0 = Phid

13



£ reer 2y srpries - Gur
Divexcerxe f{ Core oF é_

£02) = 4.1réa / W — v—' |

¥

£ da = ¢
% i 0
P = ke —> —_— " J(x)&’/ }J
Ve ,_E‘._ S i -~ 6 8V €, ?; - 1 | 6)
— : ' : ——— X "t 7
‘ é) é/fsfwj j[ dg = /V: fj’ d@» r‘l %‘f() fi@“
(*lf) WD/ffcf c.“fc,w@w/gm uluy V t?l“} =45 & (’E,)
|
: e — - i . &
P VX é = 0 : ?/ | ,3 E ." SRy
, _ ’*) Shg/(,/; e‘a&fo) I‘LJ’V Jﬁafb“l’w [/ yfféﬁ all .
(i Jerst = FGUL (L %)m TR
et s fatig by
e te) *gg;)l",clc,[cke(, i ,...L- B A e - -
s e 7 sz_& =
Sc,qum FoTeprrinl )
£ = -vy
2 <
o Y= = P@(SSoA}J ZE:RJAWTOA/J[”EN&,MJ,
> 7;«({52' g-’Lfrnwi V{’L) = L‘_ﬁ;;':‘
A AL P A L)SWW3'£‘“ “);&FM} /’%zm& (u) 5%;{.,,‘

Hﬁ”wmw Prg» CE A Mll{ﬁ?@&’fﬁnfj Devpea™s ,> /3

P

Theeeaerer (1821) FarADAY Coues Mot — EXREAMENTS To PRoVE
AP B
Z«/ﬂcf{gb £ mp 2 /z‘::— alf - 472 e — /

|  af e O
o VXE - 2:5 ,ﬁxtﬁn\ih ~“f§%’ 6__7
ot

-



'/
d
o zces b & ' Wénen s7arics A

W,zes CAg By (0 & %/L 6« J' Shgz
&1

G grems peer Phcesy ! -
> T v

Foree (o 2

g’,[’ = ﬁ" A AL x/ _:';lx é:z A, 4
/-72- M— - 2. X ,
o ﬂl)—

i P

SRt . Sy G e %7";,;’“

2
= 7’ - X e /Qo = 44(’)&(0— 1:':‘7
~5 M /Z" L -~
df ~<‘5))/ .
Coreet /Arék J 2 /
/cj_ /'ﬂ
d‘.«, :

T 0= il

Lovawuty Eavknow Gagronfimof ety )

_ o¢
v- 7z - &
Cavss’ Law \(JND’CW@"
éﬂ 'O { = e A\MP-Uu_ aLsz (.u &A,,_)
hﬂ_ - V(v
_ &4,_52: (0 nerons
D> €¢ L & AL, = lawae -
- - . -y

',/(,': WA~ \O

c W '
estollelos; OmtRos

[ 15




E
/mﬂﬂcf Z/rw war  Miroee's JJM«@J CoceRet

\aof- S4V'Aér' S e
§8—= ._'.é.‘.’ w'*d, ﬂ/fmﬁd%
- “r Ny {Jﬁsdr Grreh
n Y‘I = %s o
30) - A [ 20RE 4 gt e
.l Ll
(1) d
Drezey suow R ass et st
V'? /g) = 0
T AMDg&er haco ﬂ(./‘qb? 4'1,:)'.?
- -é) (1) = o __7{4) PT=o0

LJ;» 5.3.2 o GuttAs /.ré;?( Wg

ol 5y o Tachse

/k/‘y“’ﬂ-(-'s i scieicerr Corret (- )
J
f—— 3% 2E
’; - — S— ™ ___:
V] = -%(é,vg) =V
A3 -
. = e =6
A F—r—&; - )
Aggien. Herty (56
a0
VxH = J + 5%




DI/EEZGENCQ j( 6(](2(, o [z

f’(//}n. ’
[3’[/3)2 /,_If." / — A

JTxR 2
Ve ()= Z'[,f";z';.)
Ve (exby = b.(9xa) - a.(¥xb)
Tx R
Al e A (A~
4 R £ N S
s pitik VX = O

? 2
l(/J;m
Tx/axb 6. V)a - (V)b + 2 (95 b (pa)
TR A R P
. k‘i’ Vi /Z
:-/sz», 7 (- /zJ

- -J"fhx 7 * I 4T IR
Zf n -
s32Gifie ) St ety 40 44
7x B(2) = _2“;1/;4”“)0@,,’,
[ UxBy= 2= ,J(/,z)[

17



br) = = /A“ZL dvr
2z
16 7%
4";;'5 J(z')xg‘f\ =—~£:f J o) x //‘é)
Ix(fe) = TV¥xa +¢ x4 P - a>*vYy
& conrt-
Bl L v x L0

K

Snie B(8) = VX Clerf Ved =
VX B(/)):: /&o X ,{{—/)—-)
== 4’77__' Vv VX Z 'V

‘&

Shepsw 5.3

18



Veerog  Auseyss Lurv 14005 [Bsoers

" R
2. R a
V‘(,Zt = 47§ (R) 2’ /..
v (":-:) = 47 S(2) 2= -0
Vo/%oitauf}
2
vx (&) = o
LY
V.(VX_F) = o0 147) _/VVde’u = [V -de
”fra+fta—o
& -,

de

T

Ux(AxB) = (B-V)A ~(A-V)5 + A(vB)- B (v.A)

VlArB) = B.(vxA) - A-(vxB)

vx (VxA) = V(vA) - 74

NMAAA AN

19



Zi

Owe mersion ( TrADmion A ) To 1S0LATE N GuCARITIES

| T PRevIPE SOURCE FREE VYoluaE
Dweecevce Tyeoeeng

.
B! )
& N

. : e
J/O/VMc ; Va WHICH CouTavs SIWEOLARITIES , CTERL SV’ZFA(Eé,/ S ro Sy

bnclored singulanitiel; swatees 2, , 2 2y
A A

n A
Letward usnmals Mo, M1yt My M

z—U/VC;ﬁﬂUf ¢ A 5/ w/TH Vo SIJ(JCULA,“,r/ES /N Vo - AV, '-‘-‘AVA,

FoneTon s Avd FIRST & SEComD pai mrives Ave corrri uo:>

N
S rFde = Z/ff e ole
Vi 8v,8Y, =0

/'/HZF we VAVE €IvEN EXPL)ICIT mEAVMG 70

Tt Ve limE nrpeeal A

7 AND THE SUOZFACE IWTE6RAL .

wsipE V=8V, =3Y, By Functio T (5,7 F) Contiruons o all derivetes exsst
Y,

- SurFaces ,ff’”’ ola. Weens 70 BE chrecedrer (Myspe £, 15 okhy

Neo T Dyr Fenen/naL )

20



VA

GA‘)SS' ﬂ'JQ(EV(E F-&eam wir+ %EGPABZE 'S;Alducﬁeﬂ‘gs‘

()01/5/0672«__,.&%7'6?-_,30/254(@, <, , Torat 1opex vocome |

INregeaBe Lwaocsemies 10 e f 2) A

Uit noamals e enhroandd ot et e 2"
| Sravvary Foey N ~ ™
~__.,_va - o ‘{K A %zl ZN }
. ! % = 2 LF ¥ {"n"') dd, / v @

V-ave—qyy — ™mM=0 { ‘

Jordr =0 JEA [ Fhd T "
LAV -0y My 3,
~fF-m,da ff (- )da.

Z/,Se :o/uazeévce DEF Z,

EPS ) / Y- F z) av MNorine S roncTtov (K (/Wreg RABLE
a,

i,f?FAa+ f?ﬁ'%o— = _/:F[ﬁ')'/_‘/f;ﬂf«,

V,— &V, -avy oV +8Y 187, =

(-]

| THis gy os AN ALTERAME Fomun or Gﬂv\m

w:/-»V'_l_’(aMo /__ Fa) .M oAa

i\

Vo efr"w\‘ do/ mc Lv(oy Zo oular clageet JCM'A—CL.
(m;dgrg
7 LT IS COVVENENMT To USE WITh SREB's Fbction PRoBLE/S

g’ .’a“‘k’!n l:ﬁ . mo

21



- \
B (
_/LLUST[ZA‘fH)é &aw { ) ) //‘ (X/ 9, f)(

4 S

/ ”4’ , ;7

— ___MM r A/ //
< s
27k

s ( - 5 (o]
(2/&/@)‘0 /é‘ M Ao \ P °
A N~ —_——T
¥ A,
____.AA«-__A._ZI_L_MMQ# ed J,ua’n/t
éf{j« exfented Gruss’ /77/— e wakte _/@: £-4 '
/\EMM = ?'fdv" = /"(’ d'ii‘. 3
J =22 J A J é. do= dx
A, A
v, e |2 8(f-0) + 46 (r-1%) - 15(235) ]
Va="=" =
/
SEmac—= 2 (+3)

22



/5 Motk 4 Tahladt
//é?m Hocre 't THepieet $ Jan 03

2() S W tbnfu
(fn:ml«/c f \/ﬁoéft /%ﬂ%/ M ) VW3L:7 e oo

I ot 4& T ) F oan 6o P { lemellon. (¢394e5 i::wmi
¢ Solesrardadt /t//zess Sdeneid )
f = V4 -+ Vx H Hermpuorre’ Farrizo o Tinmesm

il

0y " N o -
Solemeddat Ve hBt wrenne, ke e =g

b 2P
clf
Spec. ta where F 10
2
7 - ¥ v = D
© ¢ Car bl dae 69 ’LM/MI(,/ 4,.6/ Y4 4}

Sl;:oy, Vz( ¢—f é) = V2¢ T ivigo = V“F Sq rn

_Q‘_ ¢ O\.o“ uu:w,
DA 4 VAF = Vry$ 1 ¥x(vRi)
IXF = y(9-#)- VH

L,-F li/ Cesobua(u'(.f‘; V'f_}: &

gxF= -vH o Arane. 1 &
/{S‘C"cz‘ # s :;L f Vx,;[d / ?inl =~ o
- e
a//'%c._

lfm(g’ Gm VE A VRE Ll p M e ,f’ufJ

F=- zﬂr—» /(-Y—-‘Flabu——r T;VX/(;-E-'dof

cclor
1e VeF=0 (Solenorde®) | g, F=ax A Srme v
i_@ UYxF =06 (LWHM)) Ho f—; ?LWOGWM

23



\/4«, ot s

/’/QMFQ@LYE“'S v Cowr
Cet 51 = WeahRehn

41_5!;6‘, én' V'_Y ; Vx
{@m I'ICJw«.Pﬂ_&;atD—&- ﬂ‘v(o( t.g} VOI =

Q&u«_(n— VG"N
F/z...rm &ﬁfu,
V- " 1 yx Y
\Q‘i“ Ay -+ - V?\j - do- = YX é/
H ff A VEECTDZ Povesrea L Av-
P g
GRJ/JM 7ﬁ.¢ Vv /ECFEJI»M:? l{/ z A
¥y = -/- X _:"M_/- =
i WY (/‘Q anr /5M4 fcewxaﬁQ (no-ff)
w | //z\
V)‘ -—:-' = - XA w . _!.K = ___:_x,v_v
f /e Fn - Y - 2
/ ~ r & f/ww( -
o
77 L3 M -
oASIT —
/1/1, o__ép Xf; d"/
4 = i y : :
Aw 27 /,L?- i /'ke '“7"4!‘ "ﬂ‘(@ PM“W W

]

é;‘lt ;4[”‘{: 4,”? B by ng?,“ L)CIC»J‘IM .{ K/mfz,.,.,ﬂ eva
F = VU +9xw = Vv /v — Vx VXF o’
Y= o Ve S =

We cov nald o f. @4& veedsn G ik V'Q =0 Lgxg=o
With Ao MMAH«!‘ v“f’*'«tw( E—me P )' Hhere 1S blg _é_:‘o Coajw—fuc,

W Hey Apeiiemadt F 0y u.u'{,u

Ol w2 F Sﬂlﬂv} a o F"k S’e) alse s.b.,

2 %ot US ual puspeies 2 ﬂeﬁul‘dﬁj Conclinet iz 4 amrat-

S >
gf,‘ AV g,.e)‘ €x BX'C‘ )
PR 34

9xe, = Se,txe = e il -2,
=) aF "3y )53,
24



9~7r /Zf)v ‘f—“Vx/('V"7

Soupct

en:  I*F & v F o F

——

r
l
l

T

Utm (2 Ctn °
. 7 V£ = S(2)
- I VX‘E_ = O

I~



fysréaf_fmamﬂga (£IL) LMK
, ﬂéﬂbm//}e/
éo = é‘-:a O - l ~ ’IA& m
3(7 x{d’ Metee ~ ’%:;’ 3RO .}_
b 4T x(O” 7 hexe y
e T mefec
A
v/ ;—: = 276 72—l
Conductio ity 4 J= ~E ampere I S,
v Ohng - med = olt meker Ohw- muden
» A 'nl -3
S:‘ :‘_' = whe ! . ¢ C%"“ //éa‘l(fo —
ohm Sé k) 7
6. x/0 S
F _ ! Z'&"' /’,2 =S 7121 /"‘ Kmu;.,‘
Sr — Cavd S/ome
Set- fw = Z’z_LT




Savioe Maxweee's Lo apows

It 1S 1dPoRronsr Fol THE STUDEUr rv CATALOC rhe

L MAly E uACED APPRedchier to sauwe M.E. — BENVaEs

R (.. 1S A GREAT DEM To (£R0 By
cﬁ Z wm.mwm

(P Il SOLVE — (X cLASS AVD (0 PROXUEM SEZS —

Starr woru Verren FosusS or M. E

) VXE(4 o¢ e Mosr co umons 74

ME ) wxmlsty S ME 7/ VrE)
\ HTD / ) X7 x4 (9)

v /
ConvveRT vo Whve

/
var 70 ) WVAveeQVATWO
e v
Luarpp 10 E VX wE o
' o

Py
¥ or E Lng

Scaae lave Equaroy Al )

T oVEL How mawy vseFuc TEHARNES  LomE Our ok  7HE

vse ok  fovnee TreusEsu Theoity

Hwr ovee watr - 1; 4200 Vewor Boewrpe Lotemot star

MAKE rHey OSEEJL

27




3DHO3E) SYIOHOIN

9% 1dO
Al 13S Watgoud

Ax

SNOILYNO3 TVILNIH344IJ
SOILd(Q H31IHNO4 NI SNOILVLINIS3ddIY4 1VNOIS

>>EN_ Xz +mh> Né.x_u;\mux% ._. ._. uA>N.>.xv>m

OoO0—

Kz xXug-o(az A .xv>m_>vxb _‘ _‘ u m> S .x@>>

ze
0= >>ﬁ (fz)- (%wz)- NV_T £
¢ c Azl

(Az'A .xv>m_ R

0= A>N.>.xv>m_ ANV_+ Nbv

(1z'A .xv>m

}
>Nm w1u>mm>

2zl

28



Jravsropws = Morarno -

Uses LaTer.

Larace  Tewsray A (4) Lz/ leekchirn ¥ (t)

of

| / )
A) = [ e #

K-
v 7 AT P
ONE) = sz | Xts)e 2
P 2.

Pvier Truo sroeu
. C(r) of (£

_ vt
&) o
: -90
Cr'ws;a«d«&r Irdor sim
4
+iark

2(t) = [ dNe u

Grsirdent- wite k=i 2\‘-[‘ T
J[ﬁn 42 _4,)/,[ Zf ¢¥Lg, Ap(u
s = [E54)" i
bt %%

. —isxfex=is 7 -lawhet
bl = I3t apdgar

srehpviselypriorl

V4

f!"a'.’;lﬁ) N

29



/’[ﬁxwéac‘/ Eawmo  w DT 7 roru

—_ L Qﬁ/ﬂ-’f/ )
g (VK (4ty == 7 )

We aen 1o ém%wmw

_LJ?_A&%ML@A&#MM& Ff Lt
£

w
-_—td
(¢

Ll#l"! § (4!-11) = / § ({.'-,f)c At
Cotetpnang oA a7t
Vere. Elrty = JE(2;9)e

e VUXE(awy) = —izny Blrw)

5 SN—

J,m/m/q 5 0x H(nw) = _7(/-‘-:‘*') -f-izfrv_.D(.@;vfi

]

e — N

' dcflety |
Cau b dotiaed fom ﬂl (ij//u)—}/ + <~ s

30



fW&V@?’{Qé EM Lierss 4

- Wave EpuaTion
DB, 4 Boeus 3.1453 3

i

Vxﬁ(ﬁf)-r- ——z

—

Wl oz ) o+ ;19

| Consitn prente :";wu,;» :

,,,,,, i

o V(V‘ f.) V f "f“/l(r)at +/‘(é gie; =0

Q > ¢
o v (3.2

¥ ""/(Mt T ;ﬁ

at

31



wmgf TweorY | WAKE EQuh il /a« 1f) 2005
S Sf@,f/y withe Mo ’@“‘/"’7 c—
N R 2BlsH

i \71)((4,%} = )(a t) + 9.29(4,;;;

_a;n. A jéf’fl@c fbda}/ 11 o dercie e besie Wave cguatiom ré)z
ff!, ?) Mmlﬂf DY 2) . Tt solfrie of Maxl() ‘F: v

IR . -é«.a é it 5910107

— UxTx £lad) "'/&e’ 0 £(s f) }(A
Buad '/‘*u “imp (1) S Sk 5(7/-(')
e j o e Ar ¢n ¢l rruele e of mefc:y Oke Cae wfe
)Y D el W cpuatin fn Koo
T bk e R plagie by ol
* [44. ﬂ"z( A ] &c*u'»g, f’oday : .Ba uué6c7 Conlftous
‘ f) _}.{/ ') z
B fdwnw
o lad &45«/&% &adﬁ'ﬂiﬂy& ﬁ; '&/ 0’1‘%
B Ltmey
-~ R zg () 3 $un 0
o ve-pe 5 = e v (e
Ogwee 2 € (n 2 ¢ P
ol s . b T A 2= L
MDA | v (Q'> re of* | ) it A V( e) 32



/5

Wive £zvarpy 5
Solutin Prcr 4o solve Maxwel t 'EM(‘

e ?_2 { . h) 44 0y
vx Ry
SM) / 3-/3
]
- w% _ 9 @ ,}zt?’ _
B T V }2{ = /{.(, T <« a /L‘E 2?‘ 2

33



Kovrews 1ot techon = Bou Mﬁw |

Iihctetioe Poblen

“\zf‘ - ig

ps= N ot ,_"’“Aé; Py

Lers Fron 4 .AimELE._s_a,L VT W To ESTAELISH THAT 24{/,.44} e prgpogate;

(ﬁhﬂfb' & ;\ aIM’M ﬁmg K eotese ;i, I T
“0 S e

Tt olitle L= 4 glyg=wd) 7

\ waraii \z >
7 £ = ur et sl Jpr

glg-wh) = prlo)y Gobrpev's”
) . mv o _ “% w -
Teke g =0 = e fad TAMEY L ¥ B
X / e o
= == - S
e




| #&
Wave Loumrions / Socortons
Free Sppee - Sovace Zres fong (-2

() VxE= -p o V-H zo
(v U= - E v.E=o
- QLE

S actuenr Socpmons £-= 3 &, m(é(;- w) = aff{\ (g, Z)
Swbsidete ate WE see
,QL = 40;0.6
&a,&%«ﬁrh éAJ ~waf =0

;'}A/D f_‘_/ 502 (’) s H = JA/}//%:E; C&:L/ég-v,t)
/-—é/ = 4/;6‘ g chetsctesdhe ik eApue 377 4L

A o
E L # LV
2r _ *% — .
M(/E”V/‘fafﬂ‘ N é = /T— - ’Z—v Fqndamaé/l Mn’ﬁ“‘

35



Dovus o2y (W0
ME oo VXECLt) & UxH 1)

51/’/(/%7 3 ZZ&M
‘ \\’
(/) s .[?_.)v
£ =
l% wls 27’@“%6
ﬁiﬂ,«m" '/Jz‘/éyavé:é
CRusa Gk e eplefSHS e
Si-5,) =0 | Busrr /-%e
el

/zfzx(/{f/%) )

V .pr &41;1,‘-’"5
2"’ fﬂl/f;ltwﬂ-f Srmpl /“, é/ v

36



 Bouwbdary Covsiriews

 Dmceise fvmmrace
e e . (W) & -

| Clsed wroe O, are Sa By > o
[ dge = - S ot
+ S{"” 7””""31‘0/&‘: 7k

 rew = tfaa

L et e;f...,.,,g.;e

 Ax[€-&) = O /~2¢4

37



S 54«”@@! Cud700t (Y
| (n’

13>

W LYW R

BRIV RN § PPN 4 P

M ,,taaéfm;/? , wt de Kot ( Au ke £ /,,/ r)

 Ax(H-H4)= o

o e T e

| Froum DroeRcErce CotDiTion )
—— VoD = Prtus

A = o
U Guuss (777- 1455
-y

RO, oS

_P/'f."/ B Q' m =0

“; k 'D'M,q,w( = D" RoAmal { (~ 30(._

—

 Awdogash: VeB=o

/~3la
B T B e ; /=724

38



Q,UDL JeT s

/n L,)I'uolb 7 ’f /4;;/4, _Llh-wjm:o @f'f"o Lu'-f»

R TATIN neu___t&‘_my, wwrplq,aol M}.«_,. ,

Mihﬁé, X le naten

- . \
i 45.:“']' aﬁm’S LW

TT e { e

o pmbscee S ety
,,&,_p,él‘

Copper

& 5.ETF x ro’

- Bl
| Sl .76 107

-7

L e

39



__~_,()0»(/,DL2C?0¢9 et \/4« 2oo0y

—‘__71,4&'1,‘%11:5:/ }ZLLS!(:J[/ we are kot faﬂ? ato £l 6(&/@('/(‘ o/ 7%6
L sk perawetis i €) 0 Ch 2 of Befeuis

__ | T o ek wol Shdy H wttorizlin poer ihoduchry course,

N ._M(j’m,md,,,/o/ware,lo?f W e gyt /w ek« 5
| We luke €, m I b6 crttiat Scclons = Srple Mecte

WV‘M,QJQMK,I/T/%% 54{@/ Cridactprs Y ME KO///Q Ay ?

S SRo—

: i:ﬁ;uuné&ﬁ'ﬂdmy P/MCWG 7/(44{4"(@‘ " /@déff mela sz Consifen
- bousnderg cacdhon of perfort e ) Dl

;,____.,.,.Q’prxu& P/-'c“ z3 0@@,}4«. AScle 97[

o a pafet w‘fa,j;ﬂ - lhaf hagaeas ph—
‘ 2

\7‘? - f/é V W(M&M//Ia -
T . ~ do. Sphtere by - &
e P Soe haylecs's Gpotin

,.,‘45 I~ =2 .
o : ) T plsanoed aﬁrmuof AR _J feds «s ek 5,-;‘@&
L Ushg s’ e, we s Ak Bl =€

1) Skedy state / @v% deu-
*dd’_,, @ff.d_zs - {Q_
a

5/,@,4 ./iwyk We 77/4,0., &_. mSiKe , f'tl

L must Mig fackn Yo sater surdace = "'// .
L fulhlag ssite 00 L)%
—— ¢ o s

40



fgwﬁ’bﬁzr ('avbmo,u - /%TéFz,?" CotvcT1o 2

,ﬁ w i_Some skott fime #5n bt
=0 = BHB=0

ﬂ_»VX/'{”ala »»/J“# —= /. Ae

el ,zw»@e;n

yof Ul Sply  The g

| /e

— Inapphiatim, hn s Ko sty H L'

1 - ° I
Fia-/&.'.mqw £, ¥ 4, é._ﬂ‘./ i

0

) lu,m ” m/ha‘d (2 acne
“ | 6,/ H &5 shoon

41



Doy puey  Coprevraon

Rrceer Covpcran.

H = AX s Peles
2t A % } a;s ’
/'/},9 = I = Jax /.42
Stfat, cunnsd
/e
D en earbia m‘;»wﬁd b o pofect cadach

42



/%?chr Low dveror

éx ) r=r
E‘.’#‘-.’.& M.S"' -‘G ro el '
£ mske = O 'Bh //ﬂ\—_:'—‘
P ‘< . —
Vel = 0o . () ," 4
/1
g
Ve D = Qém [H1S (DAbdes cutats
o _covrverpe sorrac (A sS‘ﬁlTFOA{)

L Br'MMﬁ&pﬂa?@W@_
A3 (gaes (

Qosiper ree Piii- Bo X

J Y0 4 = Jp ks

J D aa = gu)(»/x.q,,)-—- Ry
R
} S<e Aé——)b
’
D axdy = @ AybsX = &, 5(3) Aoy s
™ S
b = Q, o
L Fieews (P (xi43)= 4 °lF)
- -

Wiarcw sor Eok Bit/u//@.

OVCoUY EMTIonAL NoTATICN

wELe 5

;es T80 Mo CH LIKE

@ﬁw - gw W TABLE 1.4 '}yor SAuE

fes

43




/D ERFET él/wcvae- &7gz;r,4{é-

- D o ¥
ox 4 = J+ T= Y rew
o /
As T — & rHE  J —> LAREE VARLVE \
D T RATED AT SOZFACE 4o M s
’\’/% y / Py
| Cowsioer loor  SHowd L 2
/4 s f“‘w / \ ‘I Ly
= 3‘ "’ 2 /Alflneiﬁ
/ Pa g !é' §_§= o (
[0l da = JJ - de g \£=0)
" a\J:)
SH - = [T BglY  + [k
Leop
ler—Ttx /= e L4 ) T Catrent
- 29/ 2 Gyt
Ny
A L = J) L §6) 4
t , o
ﬁé[. = /AZ/'Z/ = 1: L
L y U“'F(J o/
7 £ L
€ = J'(xn(,ﬁ)w I I(5)
= Lol :
¢ I (A Jdm / / Aé— —(b,.f/&,
5( i { /. .
B PR - 74k A %ﬂtfﬂ«w&’ o
B / WY S W %,
g ’ Q \; ¢
e

44




Lectvee [Pk 2006

_Zugg_ﬂgzélﬂélﬂ'

Pﬁ’)’unug AWL7-—-) 7 Pocder ool %7,
/ T \
( Z/lastuaty. Sinajo,del Cta
\ W%_M._z&f' /L‘
bvimw  srorev cvemsy
/
Wawe L QRArow A&-;. A SieplE cASE o : /
L OSTRATE < J
V= f ! g\
/e €

(leoe wk G ) el all 1’4',/5))& ot N t dbtotur.

/
Sfr\vvd Mwﬂ-{ﬂ@;”u U meat

WK/M 1 A,l/{ll /. Y/

O 7 A

45




 Zuercy Eoumreo )] - Qoyuﬂuf ! Themespt " [ Lecmess o

4‘/0/ /&/éa‘ e momect «s f Dha. fo stst e M.n;(w—'y e 4
"i““é"é"’. ) bz buocw Feom cn?mff‘ﬂ‘tog{ ’ﬂ-‘f V-z ., 4fa-6(.!bf
,ay We Ao Hoof we Wm/ wie /Cbxw/(‘f cf«aff&{‘ Yo

b V*f = - %;:?5 @/ | echsay /7
(3) Vx ¥ = (9 -+ %f \§ € (,
SR TR voa ] o
o by 2 V4
/’nal]u/a 7 _g M M 4 (\,_/So
224 = (V"){ N D,

ﬁ/w«’ doo f1vd V3 £ comuhes ¢ ¢ o

v (gx,_n/)_ K (T%E) = 2 -(9x})

' Pl
0 = Hlve) - T(xd) - £ 57
G > =0 =
_——}V(‘FX}J}—/- f}) +§-)é" "‘)fwa-z_ <f~Km7/=—)
>8
ff"”’“““‘*fé’&l"”"‘//at + )% =8
e / /%/m,\ ﬂw‘kac
; % /’l"“ nxeese m,W
w«ff} 40:{:-;5 = wath

=ec
/%M'/oy Consrnoehion of encnpz Jroes af Ko mtertncatine Wit
The Poy/ufmf dco/v\ '5 fx_(-/ when m-/-7/wf«( srer

&n
L Clescd Sa/ﬁ/:cg/var Gbrre, j/M e Ao /te./’aaf'-v// '[p'mai‘ %’

/h)#»u*f‘ew ‘“"’j! Y 04—(, Ho2 Sm
= = /f’(){'mda }91%’5 s
Fraaa : = =T <7 Jactsen
"So 24 Ea/@au 46

i1 Gat s



L‘/MIL (E % iﬁ/’-&o( I, (,Q./W»M B 3

oy T P

1] =

i s gy e gt

TRk

L

979

ngédau ol e
«c’/l’ perenitopleme <

M~
I &
I

Av

o 9
e |

ﬂ?ﬂ.{“'l] N

Evercy Soeep 0 EM femd 000

v fevi=Jdgv  y-

= éf%?‘ o

g

- e 6]

Fryrr
o3/}

wad

QA

g =

Q.o S/ﬂyme‘,

N

332."7;’ Jp(r _
ék,a’z;“-jﬁ(c

4f »ﬁ fiitasf ZL

pitls enp

47



?oyx/r’wc Vmﬁ g /){ Kol /MM,#V{Z( AcEE A

M&é&f %a%‘w /f')&)(-mdk (7

Su,o,oo.co Sla)= E) cwwl — {Alc
( (0t +¢)

(4,4)2 ¥ (1) ca X 79) > 182
'f g(a) )s//(a,) ea(wt) m(wfh

48



OPTICS 462: Electromagnetic Theory and Fourier Optics
OVERVIEW

Let us discuss our plan for presenting radiation topics in electromagnetic
waves. Here 15 a broad outline in approximmate, but not perfect order, as the
msertion during lecture of an interesting problem out of some strict order or
a math technmique keeps things hively and helps to develop msight. Here 15
the outline.

APPROACH MAJOR TOPICS
MAXWELL'S DIRECT SOLN PLANE WAVES
EQUATION
MULTILAYERS
WAVE DIRECT SOLN SEE PROPAGATION
EQUATION
FULL SPACE  VECTOR POTENTIAL( 4,¢) RADIATION IN FREE
SPACE
LORENZ GAUGE SOURCE CURRENT
COULOMB GAUGE SOURCE CHARGE
ANTENMNAS
EXACT SOLUTIONS  [ELECTRIC DIPOLE
& RADIATION TERM | \jAGNETIC DIPOLE
HEMISPHERE GREEN'S FUNCTION EXTEND OPTICS 461
[RAYLEIGH, SOMMERFELD, SMYTHE] FOURIER OPTICS
(OPT 564)
SCATTERING  cyYLINDER: DIRECT SOLN zE, PLANE WAVE

MWAVE EQUATION
SPHERE: DEBYE POTENTIALS

WAVEGUIDE METALLIC: HERTZ POTENTIALS
FIBER:

OTHER: SIGNAL REPRESENTATION, WHITE LIGHT, LAPLACE TRANSFORM

FOURIER TOPICS: RETARDED TIME A(r:v), A(r;1)

IDEAL XMSON FUNCTIONS: LENS
FREE SPACE PROPAGATION
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