28/10/1431

Physics Academy

Laser Physics

Absorption and Small Signal
Gain Coefficient

Loell) Adataa

Lecture 8

(0) Excited atom

]] @ Ground atorn

JoscecTece oeF e Dr. Hazem Falah Sakeek
-C mo o8l . www.hazemsakeek.com
JRUO00OSCERCeLe.- www.physicsacademy.org

Stimulstedphotons | ] g

rrrrrrrrrr Ouput i
{Partially reflecting)

(Tatally reflecting)
Random photons

ALASER SYSTEM

Physics Academy

HeNe Laser in Action

Dr. Hazem Falah Sakeek



28/10/1431

Physics Academy

Dr. Hazem Falah Sakeek 3

Physics Academy

Absorption of electromagnetic Radiation
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I =1 exp(-ax)

I, = Intensity of incoming radiation. -] —

—— ¢ a I
o = Absorption coefficient of the material.
= ol

!
It is common to use units of centimeter (102 [m]), to measure

the width of the material (x), so the units of the absorption
coefficient (o) are:

[cm 1] =[1/cm].
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Example: Absorption Coefficient (a)

Calculate the absorption coefficient (a) of materials which
transmit 50% of the intensity of the incident radiation on a 10
[mm] width, to the other side.

Solution
Using the exponential absorption law:

a=1/x*In(I,/I)=1/1*In(1/0.5) = 0.69 cm™?

Results from the exponential absorption law:

eFor every material, absorption depends on the width of the
material. The thicker the material, less radiation will be
transmitted through.

eFor a certain width (x) of the material, absorption depends only
on the absorption coefficient (o), which is characteristic of
each material.

Dr. Hazem Falah Sakeek 6



28/10/1431

Physics Academy

Small Signal Gain Coefficient
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Consider a collimated beam of light travelling in z-direction and passing
through an atomic gas, For simplicity assume that there is only a single
radiative transition, which occurs between two energy state E1 and E2
where E2 > E1. The incident light is monochromatic at the transition

frequency
51 = (ExEy) / h
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The light beam is characterized by its irradiance, I,

I,=Cp(v)

Where |V is the irradiance (energy per unit area per sec)
C is the speed of light (m/sec)

p(v) s the energy density (J/m3)
The magnification of Iv as it interacts with the atoms in

El & E2 along the z-direction is as follow:
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Al, = + N,*Az*1 (1,/C) B,; g(v) * hv Stimulated emission
- N,*Az*1 (1 /C) B;, g(v) * hv Absorption
+N,*Az*1 A, g(v) * hv Spontaneous emission
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Cross-section for stimulated emission
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Example
To build a laser of magnification of 0.1cm and If it's stimulated

emission cross section is 10'4cm2.

Then we need population difference AN=1013¢m-3
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