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TOPICS COMING

SHORT TERM PLAN

ot
MAXWELL’S EQUATIONS: €, HTD (HARMONIC TIME DEPENDENT)

ENERGY THEOREM: (TIME DEPENDENT CASE TREATED EARLIER)
HTD FORM OF POYNTING’S VECTOR

INTERPRETATION DICKE’S /EMDE JUNCTION

BACK TO CHAPTER 3 WAVE EQUATION SOLUTIONS

ALL ABOUT PLANE WAVES (CHAPTERS 4 & 5)
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OPTICS 462: Electromagnetic Theory and Fourier Optics
PDF IlI 2006

WAVE EQUATION

PLAN- SHORT TERM
1. CAREFUL DETAILED STUDY OF PLANE WAVES
1 MEDIUM
INTERFACE
LOSSY (OHMIC)
REFLECTION, TRANSMISSION
2. WAVE EQUATION, BALANIS CHAPTER 3
VECTOR WAVE EQUATION
CARTESIAN
CYLINDRICAL

SPHERICAL

3-26 a, b,c
CARTESIAN 3.7 & Table 3.1

CYLINDRICAL E, ISDETAILED 3.54C

P119 GOOD SUMMARY 3.65-69 & Table 3.2

SPHERICAL: EXPLAIN TE" TM" WAVE MODES CH 10
(ONLY) SCALAR WAVE EQUATION IN SPHERICAL COORDINATES

P124 GOOD SUMMARY 3.84-92 & Table 3.3
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VECTOR WAVE EQUATION

V'E(X,Y,2) +K°E(x,y,2) =0

WHERE k? = (27v)? us

3 SCALAR EQUIVALENTS
SINCE

E@m@=&@+%%+é5
V’E +K?E, =0|
V’E, +k°E, =0
V’E, +k°E, =0

VT

ASSERTION: IF WE FIND AN EXACT SOLUTION OF
MAXWELL’S EQUATIONS, THEN IT CAN BE SET UP IN

REAL LIFE

ANALOGY: APPLY GENERATOR TO AN ELECTRONIC CIRCUIT
AND CALCULATE CURRENTS AND VOLTAGES

11



EXISTENCE QUESTION

GOING BACK TO A TIME BEFORE GABOR’S REALIZATION
WOULD THE EXISTENCE OF ‘3-D’ RESTORATION USING
A PLANAR DIFFRACTING MEDIUM HAVE BEEN

THOUGHT REASONABLE?

-\
\II

REFERENCE

iLLUMlNATIW

OBSERVER \

;:" ,L" s )
/

e

o ANYWHERE IN
M | RIGHT HALF /
SPAC
I ._.----'""'E/

ot
YES - SINCE THE UNIQUENESS THEOREM FOR € CASE
STATES THAT IF E-TANGENTIAL ON I -1 SPECIFIED AND

RADIATION CONDITION ON II, THEN INTERIOR Eogs, Hogs
ARE SPECIFIED UNIQUELY

12



EXISTENCE QUESTION

GOING BACK TO A TIME BEFORE GABOR’S
REALIZATION

UNIQUENESS THEOREM FOR MAXWELL'’S

EQUATIONS
ISOTROPIC, LINEAR, PASSIVE
E,\ U, O c2>0

E(r.t), H(r.t)
TH: IFE,H & E’, H ARE SOLUTION PAIRS OF
MAXWELL’S EQUATIONS AND IF (E-E’) x n OR ( H-
H’) x n=0 ON THE BOUDARY AND IF
AT t=0, AE=0, AH =0 in volume

Then Ae =0, aH =0 throughout V, all times

Ref. W.R. SMYTHE
3% EDIT 12.10

COR: E(r;v), H(r;v)
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ELECTROMAGNETIC THEORY

o WHAT IS THE BEST ILLUSTRATION OF PROPAGATION
TO START:

STUDY OF PLANE WAVE PROPAGATION

1. MAXWELL’S EQUATIONS
SIG. REP. : REAL-VALUED VARIABLES, E(X, Y, Z,t)

VX£=—/J%[ VC(]):IO
VeB =0

OE op

VXH = J+e— Veg=_
=Ty "I

HOMOGENEOUS ISOTROPIC DIELECTRIC

e HARMONIC TIME DEPENDENCE

i27zvt

E(X,Y,z,t) > E(X,Y,2)e
VxE =-12zvuH
VxH =i2zveE }
V2E + (27V)% ueE =0]

-1 > @

H = VxE

1277V u




BACK TO CHAPTER 3
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Wave Epomriod
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TABLE 3-1

Wave functions, zcroes, and infinities of plane wave functions in rectangular coordinates

Wave Wave . Zeroes of Infinities of
type functions wave functions wave functions

Traveling e #* for +x travel Bx = —joo Bx = +joo
waves e*#* for —x travel Bx = +joo Bx = —joo

Standing cos(Bx) for £ x Bx = ;t(n + %)n Bx = tjoo
waves sin(Bx) for £ x Bx = tnn Bx = tjoo

n=201,2,...

Evanescent e”* for +x ax = +o0 ax = —o0
waves et for —x ax = —© ax . +00

cosh (ax) for £ x ax = :tj(n+§)1r "ax »*+ o0
sinh (ax) for £ x ax = tjnw ax = too
n=012,...

Attenuating e~V m g~ %%e~/Px for +x travel yx = +o0 yXx = -
traveling et 1% = e¥o¥%e* B for —x travel yx = - YX = +00
waves

Attenuating cos (yx) = cos (ax)cosh (Bx)
standing ~j sin (ax) sinh (Bx) vx=2j(n+i)n ¥x = joo
waves for £x .

sin (yx) = sin(ax)cosh (Bx) - !
+j cos (ax) sinh (8x) Y _— 0"12 yx = +joo
for +x (O :
M
. 1
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SOLUTION TO THE WAVE EQUATION 121

TABLE 3.2
% Wave f\mctions, zeroes, and infinities for radial wave functions in cylindrical coordinates
Infinities
Wave Wave Zeroes of of wave
type functions wave functions functions
Traveling H(Bp) = J,.(Bp) + jY,.(Bp) Bp = +joo Bp =0
waves for —p travel Bp = —~joo
H(Bp) = J,(Bp) = jY,,(Bp) Bp = —jeo Bp =0
for +p travel Bp = +j
Standing J.(Bp) for £ p Infinite number Bp = tjwo
waves (see Tablc 9-2)
A *Y,.(Bp) for xp Infinite number Bp=0
Bp = tjo
- .
Evanescent K, (ap) = -2-(—j)’"”H,‘,,2’(—jap) ap = +oc
waves for +p
I, (ap) = j"J, (- jap) ap = +c0
for —p for integer orders
Attenuating  H{'(yp) = H(ap + jBp) Y = +jo P = —jo
traveling for —p travel
waves H2(vp) = HP(ap + jBp) ¥p = —joo 0 = +joo
for +p travel
Attenuating J.(yp) = J,,,(ap,'g:+ JBp) for +p Infinite number Yo = £joo
standing Y. (o) = Y, (ap + jBp) for £p Infinite number Yp = = joo
waves . »
14
\
+
/ -;‘ -
[
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SOLUTICN TO THE WAVE EQUATION 125

TABLE 3-3
Wave'functions, zeroes, and infinites for radial waves in spherical coordinates - -
Infinities
Wave Wave Zeroes of of wave
type functions wave functions functions
Traveling RO(Br) = j(Br) + jya(Br) Br = +jo Br=10
waves for —r travel Br = —joo
P (Br) = j,(Br) = jy.(Br) Br — —joo Br=0
i for +r travel Br — +joo
Standing J.(Bry  for xr Infinite number Br = %joo
wavets T y(Br)  for tr ‘ Infinite number Br=0

Br— tjeo.

In (3-87a) j,(Br) and y,(Br) are referred to, respectively, as the spherical
Bessel functions of the first and second kind. They are used to represent radial
standing waves, and they are related, respectively, to the corresponding regular
Bessel functions J,,,,,(8r) and Y, ,(Br) by

in(Br) = 2_‘;"; Jn+x/2(B") | (3-90a)
ayn(Br) = w %; Yn+:/2(Br) (3'90b)
®

In (3-87b) AV(Br) and hP(Br) are referred to, respectively, as the spherical
Hankel functions of the first and second kind. They are used to represent radial
traveling waves, and they are related, respectively, to the regular Hankel functions
Hy2\ p(Br) and HZ, ,,(Br) by

w

hO(Br) = 2_‘; HY, 5 (Br) (3-91a)

hf,z)(ﬁr) = ‘/ ‘2‘%,‘ H,S‘i)l/z(.B") (3-91b)

Wave functions used to represent radial traveling and standing waves in spherical
coordinates are listed in Table 3-3. More details on the spherical Bessel and/Hankel
functions can be found in Appendix IV. = 4

In (3-88a) and (3-88b) P,"(cos §) and Q'(cos 8) are referred to, respectively,
as the associated Legendre functions of the first and second kind (more details can be
found in Appendix V). .

The appropriate solution forms of f, g, and h will depend on the problem in
question. For example, a typical solution for y(r, 8, ¢) of (3-85) to represent the
fields within a sphere as shown in Figure 3-7 may take the form

Vi(r,6.0) = [4,),(Br) + By, (Br)]
x[C,P(cos §) + DyQ(cos 8)][Cycos (me) + Dy sin (m¢)]

) - (x52)
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UNIFORM PLANE WAVES

This is an extremely important, yet simple
case in which we are able to solve X
Maxwell’s equations directly without
recourse to potentials.

: N >
Source free, HTD, e OHMIC J = oE N
(1) _ Y
VxE =-louH
VxH =J+iwcE = (0 +iwe)E =iwe'E
Xy oz
O 0 0 i) Assert: only have z spatial variation
oXx oy O i) Take E (Ey,0,0)
Ex Ey E
X y z
iou(Hy +yHy+2H)=| 0 0 <
AR y z e
Exy 0 0
Hy=0 & H;=0
H __%x 1
y 07 lwu
(2) V’E + (k* —iouc)E =0 or iwe'=iws+o
2
2 EX+k'2EX=0 £'=gt—
ik’ ik' g=e-iZ
E, = Ae K2 gelk'Z ©
k'zza)z,ué"
Hy:\/g(Ae_iklz—Beiklz), from —— %Ex _ WK pg-ik'z _geik'zy
Y7 lou 01 oy

K ol [F

Admittance of wave y = £
U

g
£



UNIFORM PLANE WAVE

ILLUSTRATES: WAVEFRONTS

EQUI-PHASE SURFACES
PROPAGATION

v
N

WE HAVE FOUND

e SPECIFIC SOLUTION THAT HAS E =(Ey,0,00 AND NO XY
VARIATIONS, AND H=(0,Hy,0)

°

2 Hy =0
O"Ex L k2g, =g
2
0z
1 £ n 1 -1 OEy
—=g=[F=—(——) Hy:_
n u 377 OHM 12zvu 0z

E, —[Ae 2 , peikjei 2t

Hy :i[Ae—ikz _pelkzjgi2mvt
* di
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PLANE WAVE SOLUTION

ILLUSTRATES: SIGNAL REPRESENTATION
WAVEFRONTS
PROPAGATION
COMPARE COMPLEX REPRESENTATION
LET
A=|Ale'?
B = |B|e!?
E, = :‘A‘e—ikz-l—i¢A _I_‘B‘eikz+i¢8 ]ei27ZVt

o Ex=|Acos[2nvt—kz-+ga]+Blcos[2avt +kz +¢R]

Hy =§cos[27zvt —kz +¢A]—§cos[27zvt+kz+¢5]

® ONE NEEDS TO STUDY BOTH SOLUTION FORMS TO
GAIN INSIGHT INTO PLANE WAVES, PHASE
FRONTS, AND PROPAGATION
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PLANE WAVE SOLUTION

® HOW DO WE ILLUSTRATE THE WAVE VELOCITY?
DRAW Ey =| A cos[2vt—kz +gp]

AND AT A SLIGHTLY LATER TIME [I+A

Ey =|Ncos[2mv(t+At)—kz+gp]  — = -

dz 2wv_ 1
_ WAVETRAVEL 4t K —\/;;

m\ m\ m‘
Fa LY Vi LY i Y
b ry A Y ! A"
\_Z’ \‘/’ b

.

s i R

e

F
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PLANE WAVE SOLUTION

NOW WITH THE COMPLEX PHASE NOTATION
HOW DO WE ILLUSTRATE THE WAVE VELOCITY

Ey :[|A|e—ik2—|—i¢A _|_|B|eikz+i¢B ]ei27rv'[

RE A
A
- »
—kz+2nvt+ ¢,
A RE A
+kz +2mvt + @
.
B
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DIELECTRIC INTERFACE TOPIC
PLANE WAVE - NORMALLY INCIDENT

The plane wave solution and its various cases are closely analogous to the
famous old problem of solving the telegrapher’s equation. Many of you have
studied this earlier as undergraduates and you should review this material,
particularly the Smith chart.

AT ADIELECTRIC INTERFACE

Ny \i/ N2
e
A1 V A
SO
— —
Bl i BZ
0 z
Ale_iklz 4 Bleiklz Ey Aze_ikzz
nl[Ale_iklz |k 27 Hy 1npAge —ik,z

® TANGENTIAL E, H CONTINOUS

r_Bl_m-m
A m+n
T2 2m
AL m+np

6
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CONDUCTING INTERFACES- NORMAL INCIDENCE

CONSIDER |
& %
&y, 00 Yt MO
hd
| A
Ay \./ ’
—_ e
GENERATOR DU
B E B
0 Z
WITH COMPLEX NUMBERS
o, O
g'=gl+—L), &'=5l+—%)
e iwe,
&2 AT
g'=() 9,'=(-%)
MATCHING TANGENTIAL E & H, AS BEFORE YIELDS
E:FO': gl:_gZ:
A 9,+0;
i:TOI: 2.91 .
A 9.+ 9,
WITH AN INTERFACE AT A PERFECT CONDUCTOR, i.e., o, > x:
1_(972') Einc
Fo'z—gl, —1 /‘ Ty =0
1+(3%)
9,
\O\‘ | ampere
® meter
THERE IS A # PHASE SHIFT
IN THE ELECTRIC FIELD. \
ErerL
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64 ELEMENTARY LINE THEORY [SEc. ©

333 q oy .

s RS RS 0] I

9 .
RESISTAMCE COMPONENT o)

Attenuation in 1 decibel steps

Pivot at center of calculator
= Generator Load— /

o
Tt + t t t + 4
|

} [ ! i I L
e e & £ & siid i
g & & & g'-b.’gég" J

ransparent

—

slider for arm .
Imax Emax
(P. II. Smith, *‘ Electronics,

4
ol

001

10S°0 1
SY'0-1

I
T
bad
N
S

Fia. 2-29.—Circular form of transmission-line calculator.
January 1939,)
over minimum, giving a number in the range unity to infinity ; others usc:
the minimum over maximum and obtained numbers in the range unity t
zero. There seems to be emerging a general preference in favor of usin:
the voltage standing-wave ratio exceeding unity, 43
V4
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PLANE WAVE SOLUTION
TWO IMPORTANT RESULTS
PLANE WAVE AT AN ANGLE

dx

2 ‘\9

CONSIDER E, POLARIZATION
Let

K =éxksin0+éykcosﬁ
Ey _ Ae—ikxsin @ —iky cos@+i2xvt

At Z=0

Ey = pe—IKXSIN O+1277vt

SNELL’S LAW

, nhsind=nsiné,
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“I am the wisest man alive, for | know one thing, and that is that | know nothing.”
“By all means, marry. If you get a good wife, you'll become happy; if you get a bad one, you'll
become a philosopher.”
“Wisdom begins in wonder.” Socrates

“No evil can happen to a good man, neither in life nor after death.” Plato

“What'’s in a name? That which we call a rose by any other word would smell as sweet.”
“My words fly up, my thoughts remain below: words without thoughts never to heaven go.”
Shakespeare

“A picture is worth a thousand words.” Napoleon Bonaparte

“A man should look for what is, and not for what he thinks should be.”
“A person who never made a mistake never tried anything new.”
“I know quite certainly that | myself have no special talent; curiosity, obsession and dogged
endurance, combined with self-criticism have brought me to my ideas.” Albert Einstein
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