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pump power -> laser power 
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Consider 3-level system and use rate equations (see section 8.3) 
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Optimum Output Coupling for Optical Resonator 
Homogeneously broadened. Standing wave. 

gain + absorption   
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Actually, there is interference between the fields associated with     and    , which leads to a spatial 

variation of the saturation. This is complicated, and ignored here.  
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Optimum coupling: if transmission is too large, losses exceed gain – no generation.  If 

transmission is too small – little goes out. 

0 01 1
2 2

S S
v

t

I I
I

 

 

  
     

   

clamped at t
2 2

1 2 1te R R e
  

fraction retained after round trip in the cavity 

- Threshold condition 

2

1 2 1R R e L S    (L-fraction lost in round trip) 

2

1 21L R R e  

2
1 1 2t

tL e
 

   1L   2 ln(1 )t L L   or 

v v vI I I  



5 

0 1
2

S
v

t

I
I





 
  

 
2 t L

02
1

2

S
v

I
I

L

 
  

 

02
1

2

S
v

I g
I

L

 
  

 
intensity circulated 

Inside cavity 
total 

losses 

small signal gain/pass 
0 0g 

L L T 

sum of all 

other losses 

(abs.) 

output mirror 

transmission 

In the text 

L L

L L T  
2 21T R  - transmission through  2M

2

1 21L R R e  

02
1

2

S
out v

I g
I I T T

L T

 
    

- standing wave 

if       provides  

transmission 
2T T

2M



6 

for ring lasers: 
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Useful power output     vs mirror transmission     for 

various values of internal loss     in He-Ne 632 nm 

laser. 
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