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2.5. Time2.5. Time--dependent Perturbation Theorydependent Perturbation Theory

a) General Observationsa) General Observations

Can take unperturbed problem and make a static perturbation

)1()0( ˆˆˆ HHH +→ which can be solved by diagonalizing

 

the 
perturbation Hamiltonian

Now consider a time-dependent perturbation:

( ) ( )tHHtHHHH )1()0()1()0( ˆˆˆˆˆˆ +=→+→

H(0)

 

could in fact include a static perturbation term. Regardless, it is given that:

kkk EH φφ )0()0(ˆ = and Φk

 

is the “perturbed”

 

or unperturbed stationary 
state.

Earlier we argued that the state could be characterized by an expansion of the form:
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Goal: to find a(t) since |a(t)|2

 

is the transition probability.

b) Set up the problemb) Set up the problem
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To solve this we substitute expansion into time-dependent Schrodinger Equation 
and solve for selected initial conditions.

Reasonable choices:  at t = 0 all molecules are in a particular state j.
i.e. ak

 

(o) =δkj

 

; that is, aj

 

(0) =1; ak≠j

 

(0)=0.

This makes sense for electronic transitions or vibrational transitions where the 
Boltzmann Distributions:

( )
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e
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e
N
N −

−
≈Excited state population

Ground state population

~ 10-16

 

– 10-160

 

~ 0

Therefore, Ng

 

>> Ne

(Note: not necessarily true for rotational energy levels at room temperature).



c) Exact Solutionc) Exact Solution

Preamble: dot convention for time derivatives: 
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Therefore we can write the time dependent Schrodinger wave equation as:
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Derivation Derivation 
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