
1 a) Compare reflection and refraction of plane waves in any medium 
  Reflection is the act of light reflecting back when it hits a medium on a plane. Refraction 

is the process by which light shifts its path as it travels through a material, causing the 

light to bend. Thus, this is the key difference between reflection and refraction. This 

phenomenon usually occurs in mirrors. 
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 b) What is perpendicular polarization 

 

The electric vector is parallel to the boundary surface or perpendicular to 

the plane of incidence. 
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 c) Recall Snell’s law of refraction 
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 d) For perfect match |Г𝐿| is _____0____ and the return loss is ___∞____ 
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 e) Define critical angle. 

The angle of incidence at which the angle of refraction becomes 90 degrees 
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 f) Find out the attenuation for lossless transmission line. 

 

Zero 
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 g) Write the Helmholtz equation. 
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 h) What is the dominant mode for the TM waves in the rectangular waveguide? 

 

 TM11 
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 i) What are degenerate modes in a rectangular waveguide 

 
  If any two modes of propagation share the same cut-off frequency, such modes are 

called degenerate modes. The modes TEmn and TMmn are degenerate modes in a 

rectangular waveguide. 
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 j) What is dominant mode? 
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 k) Which mode in a circular waveguide has attenuation effect decreasing with 

increase in frequency? 
  TE01 mode in circular wave guide has attenuation effect decreasing with increase in 

frequency. 
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 l) What is the cutoff frequency for 𝑇𝐸𝑚𝑛mode in a circular guide. 
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 m) Mention the dominant modes in circular waveguide. 

 TE11 &TM01 
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 n)  Mention the Helmholtz equation for Ez in a circular waveguide.  
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Unit-I 

2 a) Show that, when a given uniform plane wave is incident normally on a good conductor, 

the linear current density Js is essentially independent of the conductivity (σ). 

 

when 

 

 

 

 

 

 
Fig.  
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 b) Derive the reflection of a plane wave by a perfect Dielectric at normal incidence. 

 

when 

 

 

 

 

 
 

  7M 

 

 

 

 

 

 

 

                 (OR)    

3 a) Derive the conditions for reflection by a perfect insulator-oblique incidence for 

perpendicular polarization. 
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This equation 

 
 

 b) Explain the reflection of a plane wave by a perfect insulator at oblique incidence for 

parallel polarization. 

 

 

 

 

 

 
 

 

 
 

The above  
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Unit-II 

4 a) In a transmission line the VSWR is given as 2.5. The characteristic impedance is 

50Ω and the line is to transmit a power of 25 watts. Compute the magnitudes of 

the maximum and the minimum voltage and current. Also determine the 
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magnitude of the receiving end voltage when load is (100-j80) Ω 

 

 
 

 

 b) What are the properties and applications of smith chart?   7M 

 

 

 

 

 

 

 

 The properties of smith chart 

 

 

Applications of Smith Charts 
Smith charts find applications in all areas of RF Engineering. Some of the most popular application includes; 

1. Impedance calculations on any transmission line, on any load. 

2. Admittance calculations on any transmission line, on any load. 

3. Calculation of the length of a short circuited piece of transmission line to 

provide a required capacitive or inductive reactance. 

4. Impedance matching. 

5. Measurement of Vmax,Vmin,Imax,Imin 

6. Location calculation of Zmax and Zmin 

. 

   

                                                                                           (OR) 

5 a) Derive the reflection coefficient in terms of load impedance 

 

In the analysis of the solutions of transmission-line equations, the traveling wave 

along the line contains two components: one traveling in the positive z direction 
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and the other traveling the negative z direction. If the load impedance is equal to 

the line characteristic impedance, however, the reflected traveling wave does not 

exist. 

Figure, shows a transmission line terminated in an impedance Zl. It is usually 

more convenient to start solving the transmission-line problem from the receiving 

rather than the sending end, since the voltage-to-current relationship at the load 

point is fixed by the load impedance. The incident voltage and current waves 

traveling along the transmission line are given by 

 

 
If the line has a length of l, the voltage and current at the receiving end become 

 
The ratio of the voltage to the current at the receiving end is the load impedance. 

That is, 

 

 
Fig. Transmission line terminated in a load impedance. 

 
If Eq. is solved for the ratio of the reflected voltage at the receiving end 

 

 
 

 

 
  

 

 

 

 b) A transmission line has the propagation constant 𝛾 = 0.1 + 𝑗10 and characteristic 

impedance of 𝑍0 = 50 + 𝑗5 Ω. The line is terminated in an impedance of 100 −
𝑗30 Ω. Find the impedance at a distance of 1.5 m from the load 
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Unit-III 

6 a) Derive the field equations for the electric and magnetic fields for TMmn mode in 

rectangular wave guide? 

 

 

 
     Fig.    Co-ordinates of rectangular waveguides 

 

 

 

 
 reduces to E 
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 field equations in rectangular waveguides are 

 

 

 

 

 
 

 b) When TE10 mode is propagated through a standard rectangular wave guide, the 

guide wave length measured is 8cm and when TE11 mode is propagated, the guide 

wave length is increased to 12cm. If the operating frequency for both the modes is 

6 GHz. Calculate “a” and “b” for the guide? 
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                                                                                            (OR) 

7 a) Derive electric and magnetic field components for TEmn modes in rectangular 

waveguide. 
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It has been previously assumed that the waves are propagating in the positive z 

direction in the waveguide. 

Below figure shows the coordinates of a rectangular waveguide. 

 
Fig.Co-ordinates of rectangular waveguides 

  

 

 

 

 
 

   



 
 

 
 

 

 

 

 
 

 
 

 

 

 
 

 
 

 

 
 

 

 

 



 
whereHoz is the amplitude constant. 

 

 
 

 

 

 
 

 b) A TE10 mode is propagated through a wave guide with a = 10cm at a frequency 

2.5 GHz, Find λc, Vp, Vg, λg, Zgand βg. 
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Unit-IV 

8 a) Derive the field equations for the electric and magnetic fields for TMmn mode in 

Circular wave guide? 

 

 

Fig.Co-ordinates of circular waveguide 

Its solution is given by 
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The field equations of TMnp modes in a circular waveguide: 

 

 

 

 

 

 b) Analyse the solutions of wave equations in cylindrical coordinates. 
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                                                                                            (OR) 

9 a) List out the various characteristics of standard circular waveguides 
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 b) Find the related expressions for not propagation of TEM waves in hallow 

waveguides.  
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tween the method of circuit 

theory and that of the field theory. 

 

 

 
The propagation constant of the TEM mode in a coaxial line: 

 

 
In comparing the preceding equation with the characteristic equation of the Helmholtz equation in cylindrical 

coordinates as given in 

 
it is evident that 



 

 
The phase velocity of the TEM mode can be expressed from Eq  as 

 
which is the velocity of light in an unbounded dielectric. 

The wave impedance of the TEM mode is found from either Eqs. 

 

 
equal to the current enclosed by that path. This is 
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