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"Light Amplification By Stimulated Emission of Radiation."
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Wavelentgh 4 Ener
Region nm ’ Frequency f=¢/2 | ep=1.6 gym-l" J
1nm=10"m Hz ev(per photon)
Radio > 108 <3 x10° <1073
Microwave | 108 —10° 3 x10° - 3 x 1012 1075 -0.01
Infrared 105 — 700 3x10'% - 4.3 x 10 0.01-2
Visible 700-400 |4.3x10% - 7.5x 10 2-3
Ultraviolet 400 - 1 7.5 x 10 — 3 x 1017 3-103
X ray 1-0.01 3 x10Y7 — 3 x10%° 103 — 105
Gamma (y) ray <0.01 >3 x 101 > 10°
R K @) 23| Al M s
400 440 470 530 580 620 700

Table (1-1): The wavelength and energy for several spectrum regions
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Absorption coefficient (A) = absorption rate (a) / emission rate (e)

For black body A=1 becausea=¢e
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The constant of proportionality is h =6.625 x 10734 J s.
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where ¢; and ¢, are constants
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c; = 2mhc? = 3.74 x 107 Wm™2 and ¢, = hc/k =144 X102 mK
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Fig 1-2: Blackbody emission (the Planck function) for absolute temperatures as
indicated, plotted as a function of wavelength on a linear scale.
% The Wien’s Displacement Law

Differentiating Planck’s function and setting the derivative equal to zero yields the
wavelength of peak emission for a blackbody at temperature T

0.0029
ALV
L T

Where A,,, is expressed in meter and T in degrees kelvin.

Example 1 : Use Wien’s displacement to compute the “color temperature” of the sun, if
the wavelength of maximum solar emission is observed to be approximately 0.475 um.
Solution:

0.0029 0.0029
T Am 0.475%x10~6

= 6105K

+ The Stefan-Boltzmann Law

The blackbody flux density (intensity) obtained by integrating the Planck function B,
over all wavelengths, is given by
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where ¢ is a constant equal to 5.67 x 10°®Wm™=K™, P power and A area

Example 2:
A heater filament has a radius of 2 mm and a length of 200 mm. If its surface temperature

IS 2000 K what is the net radiated power??

Solution:
Radiated heat from object of temperature T into surroundings with temperature Ty is given

by
F=I1=P/A = oT*

* Surface area of cylinder is given by
A=21rl=2x3.14 x (2x10°m) x 0.2m = 2.51x10° m?
P = (5.67x10)( 2.5x107%)(2000 )* = 2.27 kKW
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