
PHYS-E0437 - Laser Physics               Exam 2020 
 

 

1. Write a short essay (approximately one page) on essential similarities and differences of cw 

and pulsed lasers. (6 p) 

 

2. Write a short essay (approximately one page) on essential similarities and differences of 

laser Q-switching and mode-locking (active and passive). (6 p) 

 

3. In the lecture notes concerning the coherent interaction of two-level atoms with a 

monochromatic optical field, the following two equations have been derived: 
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(a) What is the physical meaning of c1 and c2? Solve these two equations for the coefficient c2 

with the initial condition that at time t = 0 the system is in the ground state. (3 p) 

 

(b) Consider pumping of a cloud of 133Cs atoms in vacuum from the ground state |62S1/2, F = 

3 to the excited state |62P3/2, F = 2 (A21 = 2π × 5.18 MHz, λ = 852.35 nm) by an on-

resonance rectangular laser pulse. Calculate/choose the duration and the intensity of the pulse 

so that essentially all the atoms are excited, creating a nearly perfect population inversion, 

before spontaneous emission destroys the coherence of the system. (3 p) 

 

4. Consider the low-loss-cavity condition introduced by the plot below.  

 

 

 
 

(a) Explain what cavities are represented by the red dots A, B and C and derive the expressions 

for the laser-beam spot sizes at the beam waist (w0) and at the positions of the mirrors (w1 and 

w2). (4 p)  

 

(b) Propose two designs of negative- and positive-branch asymmetric confocal resonators with 

a 15 cm long cavity and show their coordinates in the plot above by points like A, B and C. 

Draw the cavities and show the magnifying and demagnifying waves in them. Explain the role 

of these waves in the laser operation. (2 p) 
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https://mycourses.aalto.fi/course/view.php?id=18134


5. The National Ignition Facility (NIF) in Livermore (CA, USA) uses Nd:glass amplifier 

chains for producing 2 MJ laser pulses with a power of about 500 trillion watts for inertial 

confinement fusion studies. The laser can only be fired a few times per day.  

(a) Why do you think Nd-doped glass is a good option for the amplifying medium? (2 p) 

(b) What would be the simplest way to increase the number of pulses fired per day? Assume 

no limitations in manufacturing of materials. (2 p) 

(c) Gain bandwidths of Nd:glass and Nd:YAG differ considerably. Discuss in some detail the 

reasons of this difference and its influence on the applications of the materials in lasers. (2 p)  


