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Time dependence of the quantum state:


For mathematical simplicity, we’ll use the example of an 
electron in an infinite square potential.


Recall that this means the particle behaves as a free particle 
(KE only) within the well, and its wavelengths and energies are 
restricted by the presence of the walls.  Outside the box, the 
particle’s wave function is zero (no probability of finding 
particle there).


The eigenfunctions and eigenenergies are …..  ?
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Recall time dependence:


 

Ψ(x,t) = cnϕn (x)e
− i En

t

n
∑

  

€ 

ˆ H ψ(x, t) = i! ∂ψ(x, t)
∂t

Each eigenstate evolves with its own time dependence, and the 
energy in the exponent for that eigenstate is the energy 
eigenvalue for that state.
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At t = 0:
 Φ = cn ϕn
n=1

∞

∑

Time dependent state:

 

Ψ t = cn ϕn e− iEnt /
n=1

∞

∑

In abstract bra-ket notation:

 
Ĥ ψ t = i

∂
∂t

ψ t
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In position wave function representation:

At t = 0:


ϕ x( ) = cnϕn x( )
n=1

∞

∑

Time dependent state:


 

Ψ x,t( ) = cnϕn (x)e
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For specific case of the particle in the infinite square well:
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Class activity:

• Write short Maple program to animate a general state 
probability density. How do probability densities and 
expectation values (qualitative) change with time?

• First pick a single eigenstate (any one will do)

• Pick a superposition that is a sum of an even and and 
odd state. 

• Pick a superposition that is a sum of two even or two 
odd states. 
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Discussion:

• Probability density always positive?

• What is a stationary state?

• Discuss time evolution. 

• Discuss expectation value of x. 

• Discuss simple model of atomic transitions
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•  Time dependent Schrödinger equation

•  Solution is superposition of eigenstates each with own time 

dependence

•  Probability density for above

•  Prob. dens. of pure eigenstate is stationary in time

•  Prob. dens. of superposition is not stationary in time

•  Mathematical representations of the above
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