2007 Spring - Engineering Optics and Optical Techniques

Lecture Note No. 9 by Professor K. D. Kihm

Engineering Optics and Optical Techniques

Lecture Note No. 9
Lasers and Lasing Conditions (Ch. 13)

LASER (Light Amplification by Stimulated Emission of Radiation)

(Section 13.1.1)
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(Lasing Conditions:

1) Enough pumping power (E-M, electric discharge, chemical reactions etc.)

2) Population inversion 
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3) Resonance cavity  [for enhanced stimulation and collimation]

Maxwell-Boltzmann Distribution:

    …Population of atoms per unit volume at an energy level 
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 in thermal equilibrium at T.

By the classical kinetic theory,
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with Boltzmann constant 
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1.386 x 10-23 J/K, and Planck’s constant h = 6.626x10-34 J.s

Stefan-Boltzmann Law


Radiant Power:
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Where S-B Constant  
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= 5.67033 x 10-8 W/m2(K4




Emissivity (experimentally determined)
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 is given as:






Aluminum foil

0.02






Copper (polished)
0.03






Copper (oxidized)
0.5






Carbon


0.8






White paint, flat
0.87






Red brick

0.9






Concrete

0.94






Black paint, flat
0.94






Soot


0.95






Ideal black body
1.0

Planck’s Radiation Law (started as an analysis and later proved by an experiment):
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or
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(1)

(Section 13.1.2)

Spontaneous Emission … generates randomly diffused (does not depend on the environmental energy density) light such as X-rays and bulbs



The rate of spontaneous emission is given as: 
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Stimulated Absorption/Emission … generates coherent and equal-phase light, i.e., laser








The rate of stimulated absorption is given as:
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[image: image12.wmf]

The rate of stimulated emission is given as:


[image: image13.wmf]n

u

N

B

dt

dN

j

ji

st

j

-

=

÷

÷

ø

ö

ç

ç

è

æ



*
[image: image14.wmf]ú

û

ù

ê

ë

é

×

=

º

3

m

s

J

V

E

u

n

n

: spectral energy density imposed by an external radiation E-M field.


**A, B: Einstein’s Coefficients: The lasing condition is
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Under equilibrium, 
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and 
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and 
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(2)

Using 
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 to combine Eqs. (1) & (2), 
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From 
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, the transition rate (or probability) of stimulated emission must be equal to the transition rate of stimulated absorption are identical, i.e., 
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 EMBED Equation.3  [image: image24.wmf]AB
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By comparing 
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 (photon generation rate by stimulated emission) and 
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 (photon consumption rate by stimulated absorption), lasing or net positive photon generation requires an additional condition of
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i.e., population inversion is necessary:
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Cavity Resonance (Section 13.1.3) - A longer cavity provides a better spectrum



The cavity resonates when 
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and 
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Transverse Electric Mode (TEM)












TEM 00












TEM 01












TEM 11

Gaussian Laser Beam
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with 
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The half-width at z is given as: 
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The beam divergence is measured by the distance over which its cross-section area doubles, i.e., 
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. This gives the Rayleigh range as:
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and   
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For z >> zR, 
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and the angular width is given as: 
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*For smaller
[image: image41.wmf]o
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, the bean diverges faster and the angular width is larger.
(Homework #10 (The Last One!):

E-o-C problems: 
Ch. 13 - 10, 17, 18, 26, 28

All homework assignments are due on Tuesday of April 17, 2007 – FIRM!
� EMBED Equation.3  ���
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