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Width and Shape of Spectral lines
(Al i) IS g Lt
Lecture 6
5‘\“% /ﬁ‘- immuurr:l Sp‘ecrru:n.

It

!

Emission Line Spectrum

Hﬁas —7%~ l._ Dr. Hazem Falah Sakeek

www.hazemsakeek.com
ColdGas AbsoiptignLine Spectun www.physicsacademy.org

ﬁ@?*/’&\-

-~

Physics Academy

Width and Shape of Spectral lines
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Emission line is described by plotting spontaneous emission
radiation intensity as a function of frequency (or wavelength), for
the specific lasing transition.
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Width of spectral line (laser radiation) in Theory and in Reality
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Broadening the of emission line

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

e Natural Broadening (Lifetime Broadening)
e Doppler Broadening
e Collision Broadening (Pressure Broadening)
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Natural Broadening (Lifetime Broadening)
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Heisenberg uncertainty principle:

AE*At > h
AE = h* Av
Av > 1/ At
Numerical examples:
At = 108 [s]
At = 10 [s]

=> Av=10%[Hz]
=> Av=10*[Hz]

The longer the specific energy level transition lifetime, the
narrower its linewidth Av .
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Emission line between wide (real) energy levels
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Where as Av. = 0 for the ground state since t,=cc. The upper state (excited
state) have life time in the range of 10-10 sec.

In the case of both levels involving the transition are broadened then the
line width is given by

Av,; =Av, +Av,
The life time of an excited state is the inverse of the spontaneous emission

probability (A,,)
In general case v=
An
=
2 Ay
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The shape of spectral line due to the natural
broadening is given by the line shape function g(v)

Av, 1
2z (v-v,) +(Av, /2)°
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Summary
Natural Broadening

Width of spectral line due | Shape of spectral line due
to natural broadening to natural broadening
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Lorentzian function

Dr. Hazem Falah Sakeek  www.physicsacademy.org & www.hazemsakeek.com 12



28/10/1431

Physics Academy

Examples

For Sodium

1 1
T, = 16ns then Av;=

27t 27x16x10°

=10MHz

For Ruby T, ,=3x103sec (metastable state)

1 1
Av,=—"—= — =53Hz
2w, 27x3x10
For Semiconductor T ,=10"sec
Av, =100Hz
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