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TOPICS COMING 
 
 
 
SHORT TERM PLAN 
 
 
 
 

MAXWELL’S EQUATIONS:  
i te ω

,  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 III                                                           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 

 

CARTESIAN  
3-26 a, b,c   

 & Table 3.1
3-27

⎫
⎬
⎭

 

CYLINDRICAL    zE  IS DETAILED  3.54C 

P119   GOOD SUMMARY  3.65-69 & Table 3.2 

 

SPHERICAL: EXPLAIN r rTE  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 
 

2 2( , , ) ( , , ) 0x y z k x y z∇ + =E E  

                  WHERE 2 2(2 )k vπ µε=  

  

3 SCALAR EQUIVALENTS 
                           SINCE  

2 2

2 2

2 2

( , , )

0

0

0

x y zx y z

x x

y y

z z

x y z e E e E e E

E k E

E k E

E k E

= + +

⎫∇ + =
⎪

∇ + = ⎬
⎪

∇ + = ⎭

E

 

 

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 
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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? 
 

 
 

 

 

YES - SINCE THE UNIQUENESS THEOREM FOR 
i te ω

CASE 

STATES THAT IF E – TANGENTIAL ON I – I SPECIFIED AND 

RADIATION CONDITION ON II, THEN INTERIOR EOBS, HOBS 

ARE SPECIFIED UNIQUELY 
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EXISTENCE QUESTION 
 

GOING BACK TO A TIME BEFORE GABOR’S 

REALIZATION 

 

UNIQUENESS THEOREM FOR MAXWELL’S 

EQUATIONS  

ISOTROPIC, LINEAR, PASSIVE 
, , 0
( , ), ( , )t t

ε µ σ σ ≥
E r H r

 

TH: IF E, 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, ∆E =0, 0∆ =H  in volume 

Then ∆E =0, 0∆ =H  throughout V, all times 
 

 

 

 

                                                                                Ref. W.R. SMYTHE   

                                                                                3rd  EDIT 12.10 

 

 
 
 
COR: ( ; ), ( ; )v vE r H r  

n 
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ELECTROMAGNETIC THEORY 
 
• WHAT IS THE BEST ILLUSTRATION OF PROPAGATION 

TO START: 
 

STUDY OF PLANE WAVE PROPAGATION 
 

1. MAXWELL’S EQUATIONS 
SIG. REP. : REAL-VALUED VARIABLES, ( , , , )x y z tΕ  
 

t
µ∂∇× =−
∂
H

E  ρ∇ • =D  

 0∇ • =B  

t
ε ∂∇× = +
∂
E

H J  t
ρ∂

∇ • = −
∂

J  

 
HOMOGENEOUS ISOTROPIC DIELECTRIC 

 
• HARMONIC TIME DEPENDENCE 
 

2

2 2

( , , , ) ( , , )
2

2

(2 ) 0
1

2

i vtx y z t x y z e
i v

i v

v

i v

π

π µ
π ε

π µε

π µ

→

∇× = − ⎫
⎬∇× = ⎭

⎫∇ + =
⎪ •− ⎬= ∇× ⎪
⎭

E
E H
H E

E E

H E

Ε

 

 
 

 

 

14



 

 

 

 

 

 

 

 

 

 

BACK TO CHAPTER 3 
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 1

X

Y Z

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

Source free, HTD, i te ω , OHMIC  σ=J E  
(1)  

( ) '
i

i i i
ωµ

ωε σ ωε ωε
∇× = −
∇× = + ≡ + =

E H
H J E E E

 

 

) Assert: only have z spatial variation
) Take ( ,0,0)                               

x y z
i

ii Ex y z x
E E Ex y z

∂ ∂ ∂
∂ ∂ ∂ E

 

( ) 0 0

0 0

0 & 0
1

x y z

i xH yH zHx y z z
Ex

H Hx z
ExH yy z i

ωµ

ωµ

∂
− + + =

∂

∴ = =

∂
∴ = −

∂

 

(2) 2 2( ) 0                     or    'k i i iωµσ ωε ωε σ∇ + − = = +E E  
2 2' 02

Ex k Ex
z

∂
+ =

∂
                                                   '

i
σε ε
ω

= +  

' 'ik z ik zE Ae Bex
−= +                                            

2 2

'

' '

i

k

σε ε
ω

ω µε

= −

=
 

' ' '( )ik z ik zH Ae Bey
ε
µ

−= − ,            from   1 ' '( )E ik ik z ik zx Ae Be
i z iωµ ωµ

∂ −− = −
∂

 

                                                                              '' 'k ω µε ε
ωµ ωµ µ

= =  

 

Admittance of wave ' 1
ohm

y ε
µ

= =  
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 2

UNIFORM PLANE WAVE 
 

ILLUSTRATES: WAVEFRONTS 
EQUI-PHASE SURFACES 
PROPAGATION 

 
 
 
 
 
 
 
 
 
  
 
 
 
WE HAVE FOUND 

 SPECIFIC SOLUTION THAT HAS ( ,0,0)Ex=E  AND NO X,Y 
VARIATIONS, AND (0, ,0)H y=H  

  
2

2 02
E x k E x

z

∂
+ =

∂
 

0Hx =  

 0Hz =  

1 1( )
377 OHM

ng ε
η µ
= = =  

1
2

E xH y i v zπ µ
∂−

=
∂

 

  
 

 
2[ ]ikz ikz i vtE Ae Be ex
π−= +   

 

 

1 2[ ]ikz ikz i vtH Ae Be ey
π

η
−= −

 

X

Y 

A 

B
Z 
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PLANE WAVE SOLUTION 
 
 
ILLUSTRATES:  SIGNAL REPRESENTATION 
 

WAVEFRONTS 
 
PROPAGATION 

 
COMPARE COMPLEX REPRESENTATION 

 
LET 

 

A

B

iA A e
iB B e

φ

φ
=

=  

2[ ]A Bikz i ikz i i vtE A e B e ex
φ φ π− + += +

 
 

 cos[2 ] cos[2 ]A vt kz B vt kzx A Bπ φ π φ= − + + + +E  

 cos[2 ] cos[2 ]
A B

vt kz vt kzy A Bπ φ π φ
η η

= − + − + +H  

 
 

 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            cos[2 ]A vt kzx Aπ φ= − +E        

AND AT A SLIGHTLY LATER TIME  t t t→ +∆  

 cos[2 ( ) ]A v t t kzx Aπ φ= +∆ − +E  

WAVE TRAVEL    
2 1dz v

dt k
π

µε
= = • 

 
 

 
 
 
 

                           
1 cv

nn µε
= = •  
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PLANE WAVE SOLUTION 
 

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

2[ ]A Bikz i ikz i i vtE A e B e ex
φ φ π− + += +  
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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 A DIELECTRIC INTERFACE 

 
 

1 1 2

1 1 2

: :1 1 2

[ ] : :1 1 1 2 2

ik z ik z ik zA e B e E A ex
ik z ik z ik zn A e B e H n A ey

− −+

− −−
 

 
 TANGENTIAL E, H CONTINOUS 

 
1 1 2
1 1 2

22 1
1 1 2

B n n
A n n
A nT
A n n

−
Γ = =

+

= =
+

 

0 Z

A2 

B2 

A1 

B1 

n1 n2 
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0 Z

A2 

B2 

A1 

B1 

1 1 1, ,ε µ σ 2 2 2, ,ε µ σ  

CONDUCTING INTERFACES- NORMAL INCIDENCE 
 
CONSIDER 
 
 
 
 
 
 
 
GENERATOR 
 
 
 
 
 
WITH COMPLEX NUMBERS 

1 2
1 1 2 2

1 2

1/2 1/21 2
1 2

1 2

' (1 ), ' (1 )

' '' ( ) ' ( )

i i

g g

σ σε ε ε ε
ωε ωε

ε ε
µ µ

= + = +

= =
 

MATCHING TANGENTIAL E & H, AS BEFORE YIELDS 
1 1 2

0
1 1 2

2 1
0

1 1 2

' ''
' '

2 ''
' '

B g g
A g g
A gT
A g g

−
= Γ =

+

= =
+

 

WITH AN INTERFACE AT A PERFECT CONDUCTOR, i.e., 2σ →∞ : 

2

1
0

2

1

'1 ( )
'' 1'1 ( )
'

g
g
g
g

−
Γ = = −

+
 

 
 
THERE IS A π  PHASE SHIFT  
IN THE ELECTRIC FIELD. 
 

incE

EREFL 

2σ = ∞  

0
ampere
meter

I =
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PLANE WAVE SOLUTION 
TWO IMPORTANT RESULTS 
PLANE WAVE AT AN ANGLE 

 
 
CONSIDER yE  POLARIZATION 
Let  

sin cos

sin cos 2

e k e kx y
ikx iky i vtE Aey

θ θ

θ θ π

= +

− − +=

K
 

At Z=0 

sin 2ikx i vtE Aey
θ π− +=  

 
 
SNELL’S LAW 

 1 1 2 2sin sinn nθ θ=
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