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 1. (a) Derive the ray matrix for the “thick” plano-convex lens shown below:  (20 points) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



2.   (30 points) Consider the ring cavity (shown below) consisting of one lens and 3 flat mirrors.   

 

 
 

(a) Where is the position of minimum beam waist w0? Explain and mark the position on 

cavity diagram. (no calculations is necessary for this part) (5pts.) 

 

 

(b) For a proper starting point of your choice, identify a unit cell and write down the matrix 

product for a roundtrip. (7pts.) 

 

 

(c) Give the range of focal lengths  f  for which this cavity is stable. (8pts.) 

 

 

(d) Obtain the Rayleigh range Z0 as a function of f. (10 pts.) 
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3.  (25 points) 
Drawn to scale in the graph below is the power transmission of a scanning Fabri-Perot as the 

distance is increased from its intial 1cm to 1cm+1.44m.  The source is a single wavelength laser 

at wavelength 0.  

 

a) What is 0? (5pts.) 

 

 

 

 

 

 

b) What is 1/2 (in MHz)? (7 pts.) 

 

 

 

 

 

 

 

c) What is the finesse? ( 6 pts.) 

 

 

 

 

 

 

 

d) What is the photon lifetime? (7 pts.) 

 
 

 

 

  



4.  (25 points) Consider a pressure-broadened gaseous two-level medium with the following 

property: 

 Spontaneous emission lifetime: sp=1 s 

 Homogeneous linewidth h=1.5 THz  

 Line center wavelength: 0= 5 m 

 Molecular density (concentration): Ntotal= 2.51019 cm-3 

 Non-degeneracy factors:  g1=5, g2=1 

 

 

(a) What is the absorption coefficient (cm-1) at the line center (5 m) when all the molecules 

are in their ground state (level 1)? (12.5 pts.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) What fraction of the molecules need to be excited into level 2 to make this gas transparent 

(i.e. the onset of gain) at 5 m?  (12.5pts.) 
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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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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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Degeneracy factors of level i:  gi =2Ji+1   (Ji is total angular momentum quantum number of that level) 

 

Laser amplifier gain: 
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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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Mirror with radius of curvature R 
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Spherical dielectric interface 
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Laser Threshold:    G0
2S=1     

S= passive cavity survival factor (=R1R2 for a simple two mirror cavity) 

 

Photon Density (Photon Number per Volume) 
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ABCD rule for Gaussian beams: 
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Stability condition:  -1<(A+D)/2<1

 

Convention for refractive and 

reflective surfaces: 

 



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 

 

 
 

 

 


