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1.  

a)  Transmission Coefficient: Ratio of amplitudes of the transmitted and incident waves. 

𝑇 =
𝐸𝑡
𝐸𝑖

 

 

b)  Brewester’s angle: the angle of incidence for which the reflection coefficient is zero. 

c)  Snell’s law for reflection:  

 
𝑠𝑖𝑛𝜃𝑡
𝑠𝑖𝑛𝜃𝑖

=
𝑛1

𝑛2
 

d)  Applications of transmission line: 

1. Low frequency radio wave transmission. 

2. Antenna matching to the source. 

3. Transmission of analog and digital information. 

e)  Input Impedance: the impedance at the input of the transmission line is known as input 

impedance. 

𝑍𝑖𝑛 = 𝑍 𝑙 𝑎𝑡 𝑙 = 0 

f)  Standing Wave Ratio: ratio between the maximum and minimum voltage is called standing wave 

ratio. 

g)  The load impedance is not equal to line characteristic impedance is known as impedance 

mismatch. 

h)  1. Reflection coefficient. 

2. Line impedance. 

3. Standing Wave Ration. 

4. Maximum and minimum voltage locations 

 

i)  The pulse whose width is far less than the propagation time is known as short pulse and the pulse 

whose width is far greater than the propagation time is known as long pulse. 

j)  Possible modes for TM in circular waveguide are 𝑇𝑀11 ,𝑇𝑀21 ,𝑇𝑀02 

k)  In circular waveguide the frequency difference between the lowest frequency on the dominant 

mode and next mode is smaller than in a rectangular waveguide.  

l)  Transverse Electro Magnetic waves are those in which the electric and magnetic fields are 

transverse to the wave propagation that is 𝐸𝑧 = 𝐻𝑧 = 0 for wave propagating in Z-direction. 

 

  



 
UNIT-1 

2.  

a)  

 
            Plane of incidence             Perpendicular polarization              Parallel Polarization 

 

Plane of Incidence: the plane described by the direction of propagation of the incident wave and 

normal to the surface of interface. 

Perpendicular Polarization: for an incident EM wave if electric field is perpendicular to the plane of 

incidence is known as perpendicular polarization. 

Parallel Polarization: for an incident EM wave if electric field is parallel to the plane of incidence is 

known as parallel polarization. 

 

b)   

 
Electric and field components in material1 are 

𝐸1 = 𝒙  𝐸𝑖0𝑒
−𝑗𝛽0𝑧 + 𝐸𝑟0𝑒

𝑗𝛽0𝑧  

𝐻1 =
𝒚

𝜼𝟎

 
 𝐸𝑖0𝑒

−𝑗𝛽0𝑧 − 𝐸𝑟0𝑒
𝑗 𝛽0𝑧  

Electric and field components in material2 are 

𝐸2 = 𝒙  𝐸2
+𝑒−(𝛼2+𝑗𝛽2)𝑧 + 𝐸2

−𝑒(𝛼2+𝑗𝛽 2)𝑧  

𝐻2 =
𝒚

𝜼𝟎

 
 𝐸2

+𝑒−(𝛼2+𝑗𝛽 2)𝑧 − 𝐸2
−𝑒(𝛼2+𝑗𝛽 2)𝑧  

 

Electric and field components in material3 are 

𝐸3 = 𝒙  𝐸3
+𝑒−𝑗𝛽 0𝑧  

𝐻3 =
𝒚

𝜼𝟎

 
 𝐸3

+𝑒−𝑗𝛽 0𝑧  

Total reflection coefficient is 

 
Total transmission coefficient is  

 
 

 

 

  



 
3. 

a)  When an EM wave propagating in a dielectric medium incident on interference normal is known 

as normal incidence. The propagation of EM wave is in normal to the interference. 

 
Incident electric field is 

𝐸𝑖 = 𝒙 𝐸𝑖1𝑒
−𝛾1𝑧  

The reflected electric field in material 1 is 

𝐸𝑟 = 𝒙 𝐸𝑟1𝑒
+𝛾1𝑧 

Total electric field is medium 1 is 

𝑬1 = 𝒙 𝐸𝑖1𝑒
−𝛾1𝑧 + 𝒙 𝐸𝑟1𝑒

+𝛾1𝑧  
Total magnetic field in medium 1 is  

𝑯1 = 𝒚 
𝐸𝑖1
𝜂1

𝑒−𝛾1𝑧 − 𝒚 
𝐸𝑟1

𝜂1
𝑒+𝛾1𝑧  

Total electric and magnetic field in medium 2 is  

𝑬𝑡 = 𝑬2 = 𝒙 𝐸2𝑒
−𝛾2𝑧 

𝑯𝑡 = 𝑯2 = 𝒚 
𝐸2

𝜂2
𝑒−𝛾2𝑧  

Reflection coefficient 

Γ =
𝐸𝑟1

𝐸𝑖1
 

Γ =
𝜂2 − 𝜂1

𝜂1 + 𝜂2
 

Transmission coefficient 

T =
𝐸𝑡2

𝐸𝑖1
 

T =
2𝜂2

𝜂1 + 𝜂2
 

 

b)  Brewester’s angle: the angle of incidence for which the reflection coefficient is zero. 

 
Brewester’s angle for parallel polarization: 

 

 
Brewester’s angle for perpendicular polarization: 

 

 
  



 
4.  

a)  i) Standing Wave ratio: ratio between the maximum and minimum voltage is called standing 

wave ratio. 

ii) Loss-less terminated transmission line:  

• R=0 and G=0 we leads to α=0. 

• Line is made of pure conductor. 

• Practically not existing only approximated line exist. 

• The field components propagate along line with speed dictated by L and C. 

 

 

 

 

 

 

 

 

 

 

iii) Loss-less resistively loaded transmission line: 

• R=0. 

• These lines are made of pure conductors. 

• The conducting nature of the line guides the wave but all the propagation parameters 

are effected by dielectric alone. 

• These equations can holds for any line therefore by knowing one parameters remaining 

can be measured. 

 

 

 

 

 

 

 

 

b)  Given 

𝑙 = 100𝑚 

𝐿 = 28𝜇𝐻 

𝐶 = 20𝑛𝐹 

𝑓 = 100𝑀 𝐻𝑧 

Propagation velocity 𝑣𝑝 =
1

 𝐿𝐶
= 1.33 ∗ 106 𝑚/𝑠 

Phase constant 𝛽 = 𝑤 𝐿𝐶 = 470 𝑟𝑎𝑑/𝑠 

Characteristic impedance 𝑍0 =  
𝐿

𝐶
= 37.41Ω 
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5.  

a)   

 

 
The characteristic impedance of the line is: 

 
The load impedance of the line is: 

 
Backward propagating wave amplitude is: 

 
Load reflection coefficient in terms of characteristic impedance: 

 
 

b)  Given  

Propagation velocity 𝑣𝑝 = 25𝑚/𝜇𝑠 

𝐶 = 30  𝑝𝐹/𝑚 

𝑓 = 100𝑀 𝐻𝑧 

𝑍𝐿 = 50Ω 

Inductance 𝐿 = 1
(𝑣𝑝

2𝐶) = 53𝜇𝐻 

Characteristic impedance 𝑍0 =  
𝐿

𝐶
= 1.3𝐾Ω 

Phase constant 𝛽 = 𝑤 𝐿𝐶 = 25 
𝑟𝑎𝑑

𝑠
 

Reflection coefficient Γ =
𝑍𝐿−𝑍0

𝑍𝐿+𝑍0
= −0.925 

 

 

  



 
6.  

a)  Quarter wavelength transformer matching: 

 

 

 
 

 

b)  Smith chart: 

 
 

 

 

 

 

 

 

 



 
 

 

 

 
 

 

  



 
7.  

a)  The pulse whose width is far less than the propagation time is known as short pulse and the 

pulse whose width is far greater than the propagation time is known as long pulse. 

Discontinuities: 

 

 

 
 

 



 
 

 
 

b)  Propagation of Narrow pulse on finite distortion less transmission line: 

 

 
 

 

 

 



 

 

8.  

a)  We know the phase constant of a waveguide is 

𝛽 =  𝑤2𝜇𝜖 − 𝑤𝑐
2𝜇𝜖 =

2𝜋

𝜆𝑔
 

1

𝜆𝑔
=  𝑓2𝜇𝜖 − 𝑓𝑐

2𝜇𝜖 

1

𝜆𝑔
=  

1

𝜆2
−

1

𝜆𝑐
2 

1

𝜆2
=

1

𝜆𝑔
2 +

1

𝜆𝑐
2 

b)  Given a=6cm, b=4cm 

Dominant mode is 𝑇𝐸10 

Cutoff frequency 𝑓𝑐 =
1

2 𝜇𝜖
  

𝑚

𝑎
 

2
+  

𝑛

𝑏
 

2
= 2.5𝐺 𝐻𝑧 

Wavelength 𝜆 =
𝑣𝑝

𝑓𝑐
 = 0.12𝑚 

Intrinsic impedance 𝜂 =  
𝜇0

𝜖0
= 377Ω 

 

 

  



 
9.  

a)  TM Propagation in Parallel Plate Waveguide: 
Maxwell equations 

 
Expanding the curl equations 

 
Helmholtz equation  

 
By substituting Hz=0 

 
By substituting boundary conditions 

 

 
 

 



 
b)  Rectangular waveguide: 

Maxwell equations 

 
Expanding the curl equations 

 
Helmholtz equation  

 
By substituting Hz=0 

 
TM mode of propagation: 

By substituting boundary conditions 

 
 

 



 

TE mode of propagation: 

By substituting boundary conditions 
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