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Chapter 2_L6

 Gain coefficient and gain saturation

3

 Homogeneous broadening medium

 Inhomogeneous broadening medium



Gain of inhomo broadening medium 4

 Assume the total small-signal inverted population is ΔN0, then population and the 

gain with apparent resonance frequency in [v0’, v0’+dv0’] is
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 Note that this part population has homogeneous broadening, aussume the 

homo broadening linewidth is Δv0， this part population contributes to the gain at 

v1, with incident light of v1 and Iv1,  
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Gain of inhomo broadening medium 5

 The total gain of the medium at v1 is
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 Only populations with v0’ in a small range contribute to the gain at v1,
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 Then, the total gain is approximately
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 Using the following relation, we obtain
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Gain of inhomo broadening medium 7

 Then, the gain of the inhomo broadening medium at v1 becomes
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This is the gain saturation effect for the inhomo broadening medium.

 The small signal gain at v1 is 
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 The saturation intensity is independent on the frequency v1,

 The saturation effect in inhomo broadening medium is 
independent on the frequency.
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 The small signal gain at v1 is 
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 Therefore, the small signal gain at v1, 
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 Therefore, the gain at v1 with incident light at v1, for the inhomo broadening 
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Spectral hole burning 9

 For the inhomo broadening medium, with light injection at v1, in addition to the 

gain at v1, how about the gain at other frequencies, or the whole gain profile?  

 For populations with resonance 

frequency at v1, 
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 The relation,
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 For populations with resonance 

frequency at v2, 
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 If the frequency difference,
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Spectral hole burning 10

 Therefore, only populations with frequency close to the incident light have 

saturation effect. The result is that a “hole” is created in the inverted population 

spectrum, this is called spectral hole burning effect of the inverted population.



Spectral hole burning 11

 The saturation range is determined by the homo broadening linewidth,

1 0
2 1

1

1+
( ) 2
v

s

I v
v v

I v


 

 Therefore, the hole width is
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Spectral hole burning 12

 Correspondingly, with incident light at v1, the gain around v1 saturates, and a hole 

is created in the gain spectrum, called spectral hole burning of the gain.  

 The hole width of the gain is 

the same as the population, 
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 The hole deption of the gain is  different to the population, 
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SHB in Doppler broadening medium 13

 For the gas laser with a laser cavity, the light at v1 goes and forth. If the atoms 
with velocity vz interacts with the light going forth, then the atoms with velocity –vz
will interacts with the light going back.
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holes on the inhomo.  broadening gain profile
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Refractive index 15

 The refractive index spectrum of a material can be determined by its absorption (or gain) 
spectrum.  

 The electrical dipole moment of an atom induced by the electric field is
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 The (macroscopic) polarization and (microscopic) dipole moment relation
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 Thus, the susceptibility of the medium is, which is a complex value
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 The relation between susceptibility and relative permittivity ( relative dielectric coefficient)
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 The relation between relative permittivity and refractive index, gain
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 The refractive index, and the gain
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 The refractive index, and the gain
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 The refractive index and the gain relation
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Homework 18

 In homogeneous broadening medium, derive the relation between the 

transition cross section at the resonance peak and the spontaneous emission 

rate.

 In homogeneous broadening medium, the small-signal gain at the peak v0 is 

g0(v0), the broadening linewidth is Δv0. Now, a light at v1, with intensity Iv1 is 

injected. Calculate the gain broadening linewidth under this light injection.injected. Calculate the gain broadening linewidth under this light injection.

 In homogeneous broadening medium, the small signal gain at v is g0(v), now 

two light with (v1, Iv1) and (v2, Iv2) are injected simultaneously. Calculate the 

saturated (large-signal) gain at v. 
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