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The Einstein Relation
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Einstein Coefficients (i) cdlalaa
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Population at thermal equilibrium
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Example:

Calculate the ratio of the population numbers (N1, N2) for the two
energy levels E2 and E1 when the material is at room temperature
(300°K), and the difference between the energy levels is 0.5 [eV].
What is the wavelength (A) of a photon which will be emitted in the
transition from E2 to E1? where kg = 1.38x10-% J/K

Solution:
When substituting the numbers in the equation, we get:

. - (05-eV) -(1.5-10‘ 19-%)
2 e
(-—-——-—-—-2 1)-o&xp - =4 * g8

N e J
1 B (1.33—10“ 33-;)- {300K)

This means that at room temperature, for every 1,000,000,000
atoms at the ground level (E1), there are 4 atoms in the excited
state (E2) !!!
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To calculate the wavelength:

S

E

sec

J
{05-eV) -(1.6- 10” ‘9-—)
ev

m
(6.626-10" - 3- sec) -(3_103-—)

= 2.48- um

This wavelength is in the Near Infra-Red (NIR)
spectrum.



28/10/1431

Physics Academy

The Rate Equations for the Absorption, Spontaneous
Emission and Stimulated Emission
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Spontaneous Emission (—akill Slauy)
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Stimulated Absorption y<ek<siaY!
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dN,/dt = + By, N, p (V) (2)
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Stimulated Emission Ataiuw) &ilagy)
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N, - Constant & dN,/dt = zero
Therefore

dN1/dt = - A1 N1[+Bo1 No p (v){ BioN1 p (v) |= 0

Hence
Ni(-A10- Bio p(v)) + BoaNop(v) = 0

Ni (A0 + Bio p (V) = BoiNo p (V)
we get

N, _ Bup(v) A
N, Ay +Byo(v) @)
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When KT>>hv we get g4/g,=N,/N, hence,

Bau _ 01

(6)
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Equation (7) called Einstein equation for black body radiation
From the Blank equation of black body radiation

3
p(v)= sxhzv 1,'0 s A, 8rhv 3 ©)
- 3
By C

(e™-1)

(®)
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The equation (6) and (9) are called Einstein relations. The
second relation enables us to evaluate the ratio of the rate
of spontaneous emission to the rate of stimulated emission
for a given pair of energy levels.

Einstein Coefficients ¢widiy cdlalaa
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From equation (8) e v
8zhv’
)=

To evaluate the ratio between the spontaneous emission and the stimulated
g
hv

et r=C( eT-1)

therefore

A
p(v)= —2—
...B'.IO R

The ratio for the spontaneous emission to the stimulated
emission can be written as

= 1
By, p(v)
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Example

Calculate the ratio of spontaneous emission to stimulated emission for a
tungsten filament operating at a temperature of 2000K taking the average
frequency to be 5x1014Hz.

Solution
The ratio R = exp[(6.6x10-3%%4x1014)/(1.38x10-23*2000)]
glaty) LS Jlaa) 3
R = 1.5x105

This confirms that under normal condition of thermal equilibrium
stimulated emission is not an important process.

spontaneous  sixloc Ludls stimulated emission adac Ol guiiws gew loo
stimulated emission al_wlg) (sigo gl 1S5 (si>g absorption g emission
o>V uideel) 4wl adosll 048 Jaso 15 Ul Ly @wld

Lo lidg E1 Sgiuoll slasig glewll adls 5Ly v w6 ellS ga=i (si>9
.Population Inversion o &,s

Dr. Hazem Falah Sakeek www.physicsacademy.org & www.hazemsakeek.com 17



