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Absorption coefficient, absorption crossAbsorption coefficient, absorption cross--section and oscillator section and oscillator 
strengthstrength

Recall ;Recall ;
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which has solution:which has solution:
τ/t
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However, not only spontaneous emissions are responsible for However, not only spontaneous emissions are responsible for 
the decay of upper state population.  Other processes such as the decay of upper state population.  Other processes such as 
collisions can also cause noncollisions can also cause non--radiative decay.  If we label the radiative decay.  If we label the 
mean collision time as mean collision time as ττnrnr, then the overall lifetime of state 2 is , then the overall lifetime of state 2 is 
given by adding decay rates as follows:given by adding decay rates as follows:

Life –time, Quantum Yield and Absorption Cross-section 

Population decay processes for two level systemPopulation decay processes for two level system
In the In the absenceabsence of electromagnetic radiation, the rate equation of electromagnetic radiation, the rate equation 
becomesbecomes

τ ≡ life time of this system
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The power emitted by spontaneous emission The power emitted by spontaneous emission 

Notice; it decay by Notice; it decay by ττ not not 
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For more than two levels;For more than two levels;
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By measuring both By measuring both ττ and and φφ, we can measure , we can measure ττspsp ..

Another quantity of interest is Another quantity of interest is σσ. We can determine it too. We can determine it too

Recall; Recall; 

And;  And;  
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If all atoms are in ground state , NIf all atoms are in ground state , N11==NNtt, N, N22=0, then =0, then σσ12 12 can be can be 
determine by measuring determine by measuring αα

If the state of interest do not involve ground state, or if the If the state of interest do not involve ground state, or if the 
population is unknown, we first determine population is unknown, we first determine ττspsp from which we from which we 
obtain |obtain |µµ||22 then we measure g(then we measure g(νν--νν00) by emission or ) by emission or 
absorption.absorption.
With |With |µµ||2 2 andand g(g(νν--νν00), we could calculate ), we could calculate σσ((νν) ) 

t
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From (1) and (3) into (2), we get;From (1) and (3) into (2), we get;
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A simple model A simple model –– classical electron oscillatorclassical electron oscillator

The interaction of light and matter is what makes life 
interesting.  Everything we see is the result of this interaction.  
Why is light absorbed or transmitted by a particular medium?
Light causes matter to vibrate.  Matter in turn emits light, 
which interferes with the original light.  
Destructive interference means absorption.  Mere out-of-
phase interference changes the phase velocity of light, or 
refractive index.
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Recall the electronic oscillator model at 1Recall the electronic oscillator model at 1--DD

Equation of motion:Equation of motion:
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WhereWhere Ex(t) is an applied fieldis an applied field
and and γγ is damping rateis damping rate

For steadyFor steady--state solution, letstate solution, let

Consider an electron on a spring with positionConsider an electron on a spring with position xexe((tt), and driven by ), and driven by 
a light wave, a light wave, EE00 exp(exp(--iiωω t):t):
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The applied field induces a displacement which polarizes the medium
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Where N is number of atoms per unit volume

Near resonance ω ≈ ω0         )(2))(( 0000
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This is called response function
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Because 
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Wave propagation and χ(ω)
As the wave propagate through the medium, two modifications 
takes place. χ’(ω) changes the refractive index (thus velocity) 
and χ”(ω) absorbs optical energy.

Recall; 
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For real part of k’
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The imaginary part tells us;
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Transition dipole moment and Oscillator Strength

The concept of oscillator strength f has been developed to provide a 
theoretical reference for the intensity of a spectroscopic transition.

f =  the ratio of the strength of a transition to the strength of a 
transition for an electron oscillating harmonically in 3 – dimension.
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Example;

For µ = 1.6×10-29 C.m, ω0= 3.77 ×1015 s-1, h = 6.6×10-34, e = 1.6×10-19 C and 

m=9×10-31 kg  f= 0.215

More about electron- oscillator model and absorption cross-section 

electronelectron-- oscillator modeloscillator model
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In terms of classical electron radius re
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Absorption cross-section
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