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1. Answer any five. of the following question:                                                             2x5=10 

a) Write down at least two advantages and two disadvantages of unstable resonators. 

b) What are hot and cold reactions in a HF laser? 

c) Draw the stability diagram of an open resonator defining the used parameters and showing 

the stable regions. 

d) Why Doppler broadening is an inhomogeneous broadening?  

e) What is metastable state? What is the importance of such state in achieving laser 

action? 

f) In a He-Ne laser transition from 3𝑆 → 2𝑃 level gives a laser emission of 𝜆 =

632.8 𝑛𝑚. If the 2P level has energy 15.2 × 10−19 J, calculate the pumping energy 

required, assuming no loss whatsoever. 

g) What do you mean by Doppler broadening? Write down the corresponding line shape 

function. 

  

2.  Answer any four of the following question:                                                               5x4=20          

a) With neat energy level diagram, explain how population inversion is achieved in a CO2 laser 

and hence show the different lasing transitions.                                                                         

b)  (i) Derive an expression for threshold pumping power for a four level laser. (ii) Show that in 

an Argon ion laser pumping rate per unit volume depends on current density in a quadratic 

manner.                                                                                                                                  3+2 

c) Write down the equation for stability condition in an optical resonator and draw the 

stability diagram. Indicate the points in the stability diagram for the following 

configurations of optical resonators :(a) 𝑟1 = 𝑟2 = 𝐿
2⁄  (b)𝑟1 → ∞ 𝑎𝑛𝑑 𝑟2 = 2𝐿,  
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d) where r1 and r2 are the radii of curvature of the two mirrors of the resonator and L is 

the length of the cavity.           1+2+2 

e) Discuss the basic principle operation of Nd: YAG laser with necessary energy level 

diagram.           5 

f) What is the threshold population inversion? Obtain the expression of threshold 

population inversion density required for the oscillation of the laser.         1+4 

 

3.  Answer any one of the following question:                                                      10x1=10 

 

a) The schematic diagram of a four level LASER with corresponding decay rates is given 

below: 

 

(i) Indicate the metastable state. 

(ii) Mention the levels between which non-radiative transitions take place. 

(iii) Write down decay rates in descending order and explain. 

(iv) Write down the rate equations for different levels in this system and explain each 

term.             1+2+3+4 

b) What is Q-switching? Discuss the Q-switching methods by electro-optic effect and rotting 

prism method.           2+8 
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