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Hermite-Gaussian Beams 
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Fresnel’s Reflectivities: 

 

𝑟|| =
𝑛𝑡 𝑐𝑜𝑠( 𝜃𝑖) − 𝑛𝑖 𝑐𝑜𝑠( 𝜃𝑡)

𝑛𝑡 𝑐𝑜𝑠( 𝜃𝑖) + 𝑛𝑖 𝑐𝑜𝑠( 𝜃𝑡)
=

𝑡𝑎𝑛( 𝜃𝑖 − 𝜃𝑡)

𝑡𝑎𝑛( 𝜃𝑖 + 𝜃𝑡)
 

𝑟⊥ = −
𝑛𝑖 𝑐𝑜𝑠( 𝜃𝑖) − 𝑛𝑡 𝑐𝑜𝑠( 𝜃𝑡)

𝑛𝑖 𝑐𝑜𝑠( 𝜃𝑖) + 𝑛𝑡 𝑐𝑜𝑠( 𝜃𝑡)
= −

𝑠𝑖𝑛( 𝜃𝑖 − 𝜃𝑡)

𝑠𝑖𝑛( 𝜃𝑖 + 𝜃𝑡)
  

       

Lens Transformation/Gaussian beam:  
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Fabry-Perot Transmission and Reflection (for gain G0 >1, loss A0<1, passive G0=A0=1) 
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Free Spectral Range:   Δ𝜈𝐹𝑆𝑅 =
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Passive Symmetric Fabry-Perot:  
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 Photon Lifetime:        
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Resonance Condition: 

roundtrip phase change= q2,  or 𝜃 = 𝑞𝜋  

(q=integer) 
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Snell’s Law   sin( ) sin( )i i t tn n =    

Intensity (Power) reflectivity: R=|r|2 

 

Brewster angle (from 1 to 2):  𝜃𝐵 = 𝑡𝑎𝑛−1( 𝑛2/𝑛1) 

Critical angle (from 1 to 2):     𝜃𝑐 = 𝑠𝑖𝑛−1( 𝑛1/𝑛2) 

𝑛 → �̃� = 𝑛 + 𝑖𝜅    

Cavity Stability Condition:  −1 <
𝐴+𝐷

2
< 1 

 

q at the starting point of the cavity with a roundtrip ABCD: 
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Gain and Absorption:       𝛾(𝜈) = 𝜎𝑒(𝜈) (𝑁2 −
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𝑁1)) ,   𝛼(𝜈) = 𝜎𝑎(𝜈) (𝑁1 −
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𝑁2) ;     

Emission (gain) and absorption cross-sections:    𝜎𝑎(𝜈) =
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Line shape:     ∫ 𝑔(𝜈)𝑑𝜈 = 1   ;       𝑔(𝜈0) ≈ 1/Δ𝜈 

 

Beer’s Law:   
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Einstein’s relations:    
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Lorentzian  line shape: 

𝑔(𝜈) =
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Doppler broadened line shape 
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Physical Constants 

c3 ×108 m·s−1 h=6.63 × 10−34 J·s e=1.6 × 10−19 C 

kB=1.380 × 10−23 J·K−1 0=8.85×10-12  F/m me=9.1 × 10−31 kg 

1 eV = 1.602  10-19 J,    
 

 

 

 


