
Lasing Processes, Transitions 

and Gainand Gain

Presenter:
Fariah Hayee

Student No.: 0412062208

1



Understanding:

�the stimulated emission

�pumping processes involved�pumping processes involved

�rate equations

�laser gain
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Light Amplification by Stimulated Emission of 

Radiation

Step1: Build a cavity
Step 2: Insert a gain medium ➙ atoms in liquid, solid or gas

Step 3: Start the process

Gain Medium

Mirror 1 Mirror 2
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�Coherence
�Monochromaticity
�Collimation

In Phase

λ

Collimated Light 
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� Spontaneous emission: 
– electron ‘naturally’ falls down 
from level 2 to level 1 

� Stimulated emission: Initial state Final state

Amplifying Process

Stimulated emission: 
– electron is ‘triggered’ to fall 
down in presence of photons 
of energy equal to the energy 
difference of the initial and final 
state.

� Stimulated absorption: 
– electron is raised from 2 to 1.
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Spontaneous Absorption
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�Atomic 
population is 
governed by 
temperature
without an 
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without an 
external 
source of 
energy.

�Exponential 
drop in 
population 
with energy.
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� Before: 
Electron

E2

� After:

Electron

E2

E1

E1
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� Before: �

Electron
E2

� After:

Electron

E = hυ

E2

E1

E1
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�� Before: 

E2

� After:

Electron

Electron
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E1

E1
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Threshold Condition:    Gain = Losses

Lets,
g = gain coefficientg = gain coefficient
γ = effective loss coefficient
L= length of the active medium
R1, R2 = reflectances of mirrors M1 and M2
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� Gain Medium

M1 M2L
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Pumping Power

Output Power
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MOPA Configuration

• Selecting the laser wavelength, gain for any 
transition can be calculated

• Threshold gain can be calculated to determine 
minimum required reflectivities or maximum inserted 
loss.
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� Pumping must be Selective→ upper lasing level 
is populated, lower lasing level empty.

� The excitation process can be
a) Electrical: e.g., electrical discharge in He-Ne laser
b) Optical: e.g., flashlamp in Ruby and Nd:YAG laser
c) Chemical and/or nuclear

The emission spectrum of the lamp should have a 
reasonable value at the absorption peak of the laser 
medium.

The emission spectrum of the lamp should have a 
reasonable value at the absorption peak of the laser 
medium. 20
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Fig. : Optical Pumping for Lasers.



� Three level lasers 
requires higher 
pumping power.

� There is a time 
delay for the 
buildup of buildup of 
population in 3-
level laser, 
whereas in 4level, 
the population 
inversion occurs 
almost 
immediately.

� 4-level laser more 
efficient
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Absorpt-
ion 
bands in 
Cr+3 ions

Non-radiative
transitions

�Three level 
laser

�Quite efficient 
because:

a) Broad pump a) Broad pump 
absorption 
bands

b) Longer ULL 
lifetime (3 ms)
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Nd:YAG Laser

• 4 level laser
• Multiple 

pump bands
Rapid Decay
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Most 
powerful 
emission



� Electrical discharge 
excites He ions by 
collisions.

� Excited He atoms 
collide with Ne 
atoms→ transfers atoms→ transfers 
atoms to the ULL

� No resonant energy 
level of He at the 
energy level value 
of the LLL of Ne →
No transfer of 
energy

Does Not contribute to laser 
output: seen as orange line in 
spectrum 25



� LLL lifetime > ULL 
Lifetime

� ULL filled very quickly, 
but eventually LLL 
population will exceed 
ULL population and 

�

population will exceed 
ULL population and 
Lasing will cease.

Pulsed Mode Operation

Uses: marking, cutting, 
drilling, range finder, 
surgery.
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� Effect of thermal population: almost negligible

� Where two or more transitions are possible, 
with one having a lower level close to ground with one having a lower level close to ground 
state, a transition with a higher lower level may 
be favored
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�

Spontaneou
s decay from s decay from 
3→2 and 
3→1
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�

Active Volume 
Photon 
energy Active Volume 

of the gain 
medium

energy 
required 
at the ULL

For 4 level system
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