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 1.  A laser beam with wavelength 0 is incident from left on a lens (f) placed at a distance z1 after 

its minimum waist.  (30 points) 

 

 
 

 

a) What is the q, beam radius w and radius of curvature R at the following locations: 

a.1 Just before the lens? 

a.2 Right after the lens? 

a.3 At an arbitrary  distance z2  after the lens? 

 

b) Show how to determine the location (zf) and the value (w02) of the new focus in terms of 

the given parameters.  
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2.   (20 points) Consider the laser cavity (shown below) consisting of two concave mirrors (both 

with radius R) and one flat mirror.  

 

 

 

 

 

 

 

 

 

 
 

(a) Derive the stability condition. 

(b) Find the location and the value of the minimum beam waist w0.  
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3.  (25 points) 

 
 
(Note: this was a HW problem) 
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4.  (25 points) Consider the ring laser system with its homogenous lineshape shown below. The 

following parameters are known:  

 A21=2.5×106 s-1 , 

n(gain medium)=1.5, 

upper state lifetime (2)=10 ns, and    

Ta=Tb=0.995%   (g1=g2=1) 

 

Use the given information to estimate: 

 

(a) The stimulated emission cross section () and the saturation intensity (Is) at 1020 nm.     

                                                             

(b) The laser threshold population inversion (N2-N1)th.     

 

      

                     
Bonus (10 points): If the cavity round-trip time is 10 ns, estimate the number of longitudinal 

modes that will initially experience gain if pumped 2 times above the laser threshold.     
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 Fabry-Perot Transmission and Reflection (general; with gain or absorption): 
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for plane waves 
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Free Spectral Range: 1
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Photon Lifetime:        

 

 

General Resonance Condition: 

roundtrip phase change= q2 

 
Lorentzian  line shape: 

e.g. in  natural or pressure broadened  
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Doppler broadened line shape 
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Laser amplifier gain: 
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G
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G 1
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 0  where G0=exp(0Lg) is the small-signal gain, G=Iout/Iin 

 

ABCD Matrices  A B

C D

 
 
 

             AD-BC=1                     
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Free space of length d 
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Dielectric interface 

 (from n1 to n2)  
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Propagation in a medium of 

length d and index n2=n 

immersed in vacuum (n1=1). 
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Thin lens of focal length f 
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ABCD rule for 

Gaussian Beams    
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Gaussian pulse propagation (broadening) in dispersive 

media  
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 group velocity dispersion (GVD) 
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Mirror with radius of curvature R 
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Spherical dielectric interface 
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Photon Density (Photon Number per Volume) 
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   (Photon number growth dynamics due to stimulated and spontaneous emission 

processes) 

S (survival factor)=R1R2 for a simple two mirror cavity, G2=roundtrip gain 

 

Schawlow-Townes limit for laser linewidth:  
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Fundamental Physical Constants  

Quantity Symbol Value 

Speed of light c  

Planck constant h  

Planck constant h  

Planck hbar 
  

Planck hbar 
  

Gravitation constant G 
 

Boltzmann constant k 
 

Molar gas constant R 
 

Charge of electron e 
 

Permeability of vacuum 
  

Permittivity of vacuum 
  

Mass of electron 
  

Mass of proton 
  

Mass of neutron 
  

Avogadro's number 
  

Stefan-Boltzmann constant 
  

Rydberg constant 
  

Bohr magneton 
  

Bohr radius 
  

Standard atmosphere atm 
 

 

1G = 10-4 T  ,   1 eV = 1.602  10-19 J,   1 dyne = 10-5 N,  1 erg = 10-7 J 

 

 
 
 

 

 


