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PHY 712 Electrodynamics
11-11:50 AM  MWF  Olin 107

Plan for Lecture 21:

Finish reading Chap. 7; start Chap. 8

A. Summary of results for plane 
waves

B. Electromagnetic waves in an ideal 
conductor

C. TEM electromagnetic modes
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Review:    Electromagnetic plane waves in isotropic medium 
with real permeability and permittivity:   m e.
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Reflection and refraction between two isotropic media
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Reflection and refraction between two isotropic media --
continued
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sin'cos': thatNote

cos'
'

cos

cos2'

cos'
'

cos

cos'
'

cos

222

0

0

0

0

innn

nin

in
E
E

nin

nin

E
E

ii

R











q

q
m
mq

m
m

q
m
m

For s-polarization

sin'cos': thatNote

coscos'
'

cos2'

coscos'
'

coscos'
'

222

0

0

0

0

innn

nin

in
E
E

nin

nin

E
E

ii

R











q

q
m
mq

m
m

q
m
m

For p-polarization



03/04/2013 PHY 712  Spring 2013 -- Lecture 19 7

nn

n
E
E

nn

nn

E
E

ii

R









'
'

2'

'
'

'
'

0

0

0

0

m
m

m
m
m
m

'
'

'
'

2
'

''T

'
'

'
'R

:ance transmitte,Reflectanc

2

2

0

0

2

2

0

0

m
m

m
mm

m

m
m
m
m

n
n

nn

n
n
n

E
E

nn

nn

E
E

i

i

R









Special case:   normal incidence   (i=0, q=0)



03/04/2013 PHY 712  Spring 2013 -- Lecture 21 8

Extension to complex refractive index n= nR + i nI

   
   

1R
:''for  that Note

''
''

'
'

'
'R

:incidencenormalat eReflectanc
'''real,,'Suppose

22

22

2

2

0

0
















nnn

nnn
nnn

nn

nn

E
E

innnn

RI

IR

IR

i

R

IR

m
m
m
m

mm



03/04/2013 PHY 712  Spring 2013 -- Lecture 21 9

Fields near the surface on an ideal conductor
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Fields near the surface on an ideal conductor -- continued


m




e
me

e
me

1
2

1For 

11
2

11
2

:systemour For 

2/1
2

2/1
2



















































IR

b

b
I

b

b
R

n
c

n
c

n
c

n
c

   
     tit

c
nt

eet tii

,ˆ1,ˆ,

, /ˆ
0

/ˆ

rEkrEkrH

ErE rkrk






 

mm





03/04/2013 PHY 712  Spring 2013 -- Lecture 21 11

Fields near the surface on an ideal conductor -- continued
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Fields near the surface on an ideal conductor -- continued
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Boundary values for ideal conductor
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At the boundary of an ideal conductor, the E
and H fields decay in the direction normal to 
the interface, the field directions are in the 
plane of the interface.
Waveguide terminology

• TEM:  transverse electric and magnetic (both E and H 
fields are perpendicular to wave propagation direction)

• TM: transverse magnetic (H field is perpendicular to 
wave propagation direction)

• TE: transverse electric (E field is perpendicular to wave 
propagation direction)
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TEM waves
Transverse electric and magnetic (both E and H 
fields are perpendicular to wave propagation 
direction)
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Wave guides

Coaxial cable
TEM modes

Simple optical pipe
TE or TM modes


