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Laser Physics

Width and Shape of Spectral lines
rhubal] &l (ISt ¢ b
Lecture 7

Broadening the of emission line

Certain mechanisms are responsible for broadening the
linewidth of a laser:

sNatural Broadening (Lifetime Broadening)
*Doppler Broadening
*Collision Broadening (Pressure Broadening)
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Doppler Broadening
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where dN the total number of atoms have velocity in the range v to
v+dv

N the total number of the atoms

M the mass of the atom

T the temperature in Kelvin at thermal equilibrium
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Example

For Infrared A=10.6um in CO, laser [m=44, T=300k]

Av, =60MH:z
AV

Ady =02A AZp =

For visible A=63282 [m=20, T=400k]

Av, =1500MH:z=

A2, =0.024

For vacuum UV A=1216A

Av, =55GHz AV ot = 10MHz

Avyov,
1
AV, 0 ——

Jm
Av,y,a JT
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Pressure Broadening (Collision Broadening)
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Pc >> tc

where Tc is the time between collisions
tc is the time of collision

Av is the spectral line broadening due to the natural lifetime and
the collision process, therefore

1
Av=—I(A,+A,+2v_,)
27 "

Collision rate

when 2v. == Aj+A, 1

For each
atomic wave
v function is
A EE— coll interrupted
T by veon
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Homogenous & Non-homogeneous
Broadening
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