
Dr. Naser Abu-Zaid; Lecture notes in electromagnetic theory 1; Referenced to Engineering electromagnetics by Hayt, 8
th

 

edition 2012;  

 

Dr. Naser Abu-Zaid Page 1 7/31/2012 

 

Chapter 13 
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NORMAL INCIDENCE OF UPW ON PLANE BOUNDARIES 
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So, it is a special case, and a reflected wave is required to satisfy the BC’s in 
general. 
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Case 1: Region 1 is a perfect Dielectric and region 2 is a perfect conductor
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And the total field in region 1 is: 
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Converting to time domain 
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The total field represents a standing wave. 
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Again, a standing wave with maximums occurring whenever electric field is 
minimum. And the average power is zero. 
The current induced on the surface of the perfect conductor is 
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Case 2: Regions 1 and 2 are perfect dielectrics (lossless) 
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The fields are obtained as: 
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The above expression may be written in time domain as: 
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Portion of the first incident wave reflects back and back propagates in region 1, 
and interferes with an equivalent portion of the 2nd incident wave to form a 
standing wave, the rest of the incident wave (which does not interfere) is the 
traveling wave part. 

What is the voltage maximum and minimum and where do they 
occur? 
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With a procedure similar to that done with TL’s it can be shown that; 
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Then  
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Implication:   maybe found from measured s , and  may be found from 

measured locations of maximum’s and minimum’s. Then the intrinsic impedance 
is known. 
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WAVE REFLECTIONS FROM MULTIPLE INTERFACES 

 

 

  zj

x

zj

x

tot

x eEeEzE 22

20202

    

  zj

y

zj

y

tot

y eHeHzH 22

20202

    

23

23

20

20
23














x

x

E

E
 

2

20
20




  x
y

E
H  

2

20
23

2

20
20




  xx
y

EE
H  

z
 0

 

l
 

1  2  3  

in  

All regions 

assumed 

lossless 



Dr. Naser Abu-Zaid; Lecture notes in electromagnetic theory 1; Referenced to Engineering electromagnetics by Hayt, 8
th

 

edition 2012;  

 

Dr. Naser Abu-Zaid Page 12 7/31/2012 

The wave impedance w defined as the ratio of the total electric field to the total 

magnetic field. 

In region 2, w  is given by 

 

 

 




























zjzj

zjzj

zj

y

zj

y

zj

x

zj

x

tot

y

tot

x
w

ee

ee

eHeH

eEeE

H

E
z

22

22

22

22

23

23
2

2020

2020

2

2













 

Using Euler's identities and the expression for 23 , w  may be written as 
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Using the wave impedance concept, and applying the BC's at the first interface 
lz  , to solve the reflection problem and find the reflection coefficient  
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The refractive index of a lossless medium with 1r is defined as: 
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http://en.wikipedia.org/wiki/Velocity
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PLANE WAVE PROPAGATION IN ARBITRAY DIRECTIONS 

 
How could we represent direction of propagation? 
Considering propagation in a lossless media with propagation constant 
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The simplest case is the 2D one, where the wave propagates in a direction 
contained in the xz  plane. 

Treating the propagation constant as a vector k  (Wave vector).(In the 

direction of power flow S ) 
 

 
 
Phase fronts (planes of constant phase). 

k  phase shift per unit distance along the direction of power flow. 

To specify the phase of a plane wave, define the radius vector r  (position vector) 
from the origin to a point in a plane of constant phase. 

yx zx aar ˆˆ   

Decomposing k  into its components 

zzxxn kkk aaak ˆˆˆ   

The product 
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So, the E  and H  of such plane wave maybe written as: 
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The other parameters in the direction of power flow are: 
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GENERALIZING TO 3D 

 
Radius vector (position vector) and wave normal to a phase front of a uniform plane wave 

r : The radius vector (position vector). In the graph this is shown as capital. 

zyx zyx aaar ˆˆˆ   

k : The propagation vector 

zzyyxxn kkkk aaaak ˆˆˆˆ   

222
zyx kkkk k  
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With nâ  as a unit vector in the direction of propagation (normal to the plane of 

constant phase) 

k

k
a nˆ  

The product which defines the phase (constant plane or phase front)  
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So, the E  and H  of such plane wave maybe written as: 
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PW REFLECION AT OBLIQUE INCIDENC ANGLES 
Objectives: 

1) Determine relations between i , r , t . 

2) Derive expressions for transmission and reflection coefficients. 
3) Set the conditions required for total reflection or total transmission at the 

interface between two dielectrics. 
 

 

Two lossless  0'' r  nonmagnetic materials  o . 

 

Plane of incidence: The plane containing the incident propagation vector k and 
the normal to the boundary surface. 
 
Parallel polarization or p-polarization or TM polarization (Transverse Magnetic 

since H  is totally parallel to the boundary, or no component of   is in the 

direction of propagation) all indicate the same situation where E  lies in the plane 
of incidence (parallel to the plane of incidence). 
 
Perpendicular polarization or s-polarization or TE polarization (Transverse 

Electric since E  is totally parallel to the boundary, or no component of   is in the 

dirction of propagation) all indicate the same situation where E  is perpendicular 
to the plane of incidence. 
Other field directions can be decomposed into s  and p  waves. 
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PARALLEL POLARIZATION 
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With the tangential component being 
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You may try to find expressions for reflected and transmitted fields, both electric 
and magnetic!!! 

 

Applying BC  @  0z ,  namely:  
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The above equation should hold for all values of x (points on the interface), 
which implies that all phases must match, this establishes Snell’s laws: 
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Finding expressions for H , and applying the boundary conditions on tangential H
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Accompanied with the boundary equation for E  (which you should have found 
previously), and with the use of Snell’s laws. One may obtain after some tedious 
mathematics; 
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Where the effective impedances are defined as: 
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The expression you were required to find: 

    ii zxkj
y

inc e
E 



cossin

1

10 1ˆ 


 aH  

         rr zxkj
rzrx

jr

eE

e
 cossin

10

10

1

1

sinˆcosˆ 








aa

EE rk

 

    rr zxkj
y

r e
E 



cossin

1

10 1ˆ 


 aH  

         tt zxkj
tztx

jt

eE

e



cossin

20

20

2

2

sinˆcosˆ 







aa

EE rk

 

    tt zxkj
y

t e
E 



cossin

2

20 2ˆ 
 aH  

Now, apply the BC to the total fields. Applying BC  @  0z ,  namely;  
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For this equation to hold for all values of x, it is required that  
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Combining with the one for the electric field 
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 ip  cos11   

 tp  cos22   

 

 
 
 
 



Dr. Naser Abu-Zaid; Lecture notes in electromagnetic theory 1; Referenced to Engineering electromagnetics by Hayt, 8
th

 

edition 2012;  

 

Dr. Naser Abu-Zaid Page 24 7/31/2012 

PERPENDICULAR POLARIZATION 
 

A similar formalism for perpendicular polarization with reference to the following 
figure may be accomplished with the results given as: 
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Where the effective impedances are defined as: 
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OBLIQUE INCIDENCE ON PERFECT CONDUCTOR 
(PERPENDICULAR POLARIZATION) 

 

 
  101022 10 EEs  
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OBLIQUE INCIDENCE ON PERFECT CONDUCTOR  
(PARALLEL POLARIZATION) 
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and the time averaged power density is 

 *
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The surface current density is: 
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CRITICAL ANGLE OF TOTAL REFLECTION 

reflectionpower  Total11 *2
 or  

The obove condition stated in a different way is: 
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  
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Example 12.8: A prism is used to turn a beam of light by 
o90 as shown in the figure. 

Light enters and exists the prism through two antireflective (AR-coated) surfaces. Total 

reflection is to occur at the back surface, where the incident angle is 
o45 to the normal. 

Determine the minimum required refractive index of the prism material if the 

surrounding region is air. 
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Another important application of total reflection is in optical waveguides. 

 
BREWSTER ANGLE OF TOTAL TRANSMISSION (OR POLARIZING 

ANGLE) 
For perpendicular polarization: 
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The incidence angle required to satisfy the above condition is called angle of total 

transmission or Brewester Angle and is given by: 
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For non-magnetic materials, Brewester angle for perpendicular polarization does 
not exist. 
 
For parallel polarization: 
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   ti  coscos 21   

The incidence angle required to satisfy the above condition is called angle of total 

transmission or Brewester Angle and given by: 

  
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 the satisfying  angle incidence         An
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The sum of incident and refracted angles under brewester condition is 

always
o90 . 

 

 
 
 
 
 
 
 
 

 

Example: Light is incident from air to glass at Brewster’s angle. Determine the 

incident and transmitted angles. Glass has a 45.12 n . 
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DISPERSION 
Dispersion is the phenomenon in which the phase velocity of a wave depends on its 

frequency, or alternatively when the group velocity depends on the frequency. The result is 
the distortion of signals transmitted through dispersive media. 

 
Media having such a property are termed dispersive media. Dispersion is most often 

described for light waves, but it may occur for any kind of wave that interacts with a medium 
or passes through an inhomogeneous geometry (e.g., a waveguide). 

 

 Non linear dependence of   on   cause distortion of signals, such 

phenomenon is called dispersion. 

      nr  

 Dispersion: Separation of distinguishable components of a wave. 

 For a lossless, non-magnetic media with  n  varying with frequency: 

       


 n
c

rooo   

 Prism frequency dependent refractive index results in different angles of 
refraction for different frequencies (colors). Wave dispersion in space. 

 

 
 

Consider the superposition of two x-polarized waves with different frequencies 

a  and b , both propagating in z-direction 

 tjzjtjzj

mxc
bbaa eeeeE

 
 aE ˆ  

obao    

obao    

Also assume o  . 

With some mathematical manipulations, this wave may be written as: 

http://en.wikipedia.org/wiki/Phase_velocity
http://en.wikipedia.org/wiki/Group_velocity
http://en.wikipedia.org/wiki/Light
http://en.wikipedia.org/wiki/Waveguide
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Carrier velocity (or phase velocity), wave inside envelop obtained by assuming 
constant carrier phase, and envelope velocity (or group velocity) obtained by 
assuming constant modulation phase. 
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Letting  o (variable frequency) and  dd   (separation 

between frequency components). One may obtain 
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PULSE BROADENING 
 Dispersive media distorts pulses by broadening them in time. 

 Consider a Gaussian pulse in time with an E  field at 0z  given as: 
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T : Characteristic half width (time at which the magnitude of the Poynting vector 

fall to e1  of its maximum value. 

The frequency spectrum is given by: 
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Each frequency component propagates with different velocity (GROUP 
DELAYS). 

The difference in arrival times with reference to 
ogv  is: 
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Expanding    in its Taylor series around o  
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Subs. (3) into (1) and simplifying to obtain the pulse delay (pulse broadening) 
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If the initial pulse width is very short compared to  , then the broadened pulse 

width at location   will be simply  . If the initial pulse width is comparable to 
 , then the pulse width at   can be found with the help of: 

   22
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Dispersion parameter units are in general time2/distance, that is, pulse spread in 
time per unit spectral bandwidth, per unit distance. In optical fibers, for example, 
the units most commonly used are picoseconds2/kilometer (psec2/km). 

 
 


