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1 (a)  With neat diagram, explain the concept of reflex klystron. 

 

Solution 
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As with the multicavity klystron, the operating mechanism is best 

understood by considering the behavior of individual electrons. 

This time, however, the reference electron is taken as one that 

passes the gap on its way to the repeller at the time when the 

gap voltage is zero and going negative. This electron is of course 

unaffected, overshoots the gap, and is ultimately returned to it, 

having penetrated some distance into the repeller space. An 

electron passing the gap slightly earlier would have encountered 

a slightly positive voltage at the gap. The resulting acceleration 

would have propelled this electron slightly farther into the 

repeller space, and the electron would thus have taken a slightly 

longer time than the reference electron to return to the gap. 

Similarly, an electron passing the gap a little after the reference 

electron will encounter a slightly negative voltage. The resulting 

retardation will,shorten its stay in the repeller space. It is seen 

that, around the reference electron, earlier electrons take longer 

to return to the gap than later electrons, and so the conditions 

are right for bunching to take place. The situation can be verified 

experimentally by throwing a series of stones upward. If the 

earlier stones are thrown harder, i.e., accelerated more than the 

later ones, it is possible for all of them to come back to earth 

simultaneously, i.e., in a bunch. 

It is thus seen that, as in the multicavity klystron, velocity 

modulation is converted to current modulation in the repeller 

space, and one bunch is formed per cycle of oscillations. It 

should be mentioned that bunching is not nearly as complete in 

this case, and so the Reflex Klystron Oscillator is much less 

efficient than the multicavity klystron. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

1 (c) Define VSWR. 

Solution 

VSWR is defined as the ratio of the maximum voltage to the minimum 
voltage in standing wave pattern along the length of a transmission line 
structure. It varies from 1 to (plus) infinity and is always positive. Unless 
you have a piece of slotted line-test equipment this is a hard definition to 
use, especially since the concept of voltage in a microwave structure has 
many interpretations. 
Sometimes VSWR is called SWR to avoid using the term voltage and to 
instead use the concept of power waves. This in turn leads to a 
mathematical definition of VSWR in terms of a reflection coefficient. A 
reflection coefficient is defined as the ratio of reflected wave to incident 
wave at a reference plane. This value varies from -1 (for a shorted load) 
to +1 (for an open load), and becomes 0 for matched impedance load. It is 
a complex number. This helps us because we can actually measure 
power. 
The reflection coefficient, commonly denoted by the Greek letter gamma 
(Γ), can be calculated from the values of the complex load impedance and 
the transmission line characteristic impedance which in principle could 
also be a complex number. 
Γ = (Zl - Z0)/(Zl + Z0) 
The square of | Γ | is then the power of the reflected wave, the square 
hinting at a historical reference to voltage waves. 
Now we can define VSWR (SWR) as a scalar value: 
VSWR= (1 + | Γ |)/(1 - | Γ |) or in terms of s-parameters: VSWR= (1 + | 
S11 |)/(1 - | S11 |)  
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2 (a) Obtain the transmission line equations from fundamentals. 

Solution to Q.2a 

[10] CO1 L1 

2 (b)  [04] CO1 L2 

https://drive.google.com/file/d/1rzwF5pObm64vRk92nh2wIxxkIyfqZl8e/view?usp=sharing


 

 

2 (c)   A Smith chart is developed by examining the load where the impedance 

must be matched. Instead of considering its impedance directly, you 

express its reflection coefficient L, which is used to characterize a load 

(such as admittance, gain, and trans conductance). The L is more useful 

when dealing with RF frequencies. 
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3 

and 

4 

Solution to question 3 and 4 
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L2 

https://drive.google.com/file/d/1xQeKxt64-TK1NCE7v_8eshGSgFvrmgKC/view?usp=sharing
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and 

6 

Solutions to 5c and 6C 

6a  

 

   

https://drive.google.com/file/d/1YQmXW0b94GaKvVIiRBq2EBrvzjS2J2Sc/view?usp=sharing


 

 

 

7 Solutions to question no. 7 and 8a    

8 

and 

9 

Solution to Q. 8 and 9    

10 Solution to Q. 10    

 

https://drive.google.com/file/d/1JdDhgNkNo1GnosMuZSQ6H8YjZFPPkBjl/view?usp=sharing
https://docs.google.com/presentation/d/1b1GexaiSg6cTtSaRy5qoXFC7vb_34F8b/edit?usp=sharing&ouid=109545451336821597052&rtpof=true&sd=true
https://docs.google.com/presentation/d/1lc69SXolkpAB_GFWX-E0V6WNTDdJO7xA/edit?usp=sharing&ouid=109545451336821597052&rtpof=true&sd=true

