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Time Independent Hamiltonian

( ) ( )

( ) ( ) ( )
( ) ( )nn

nn

n
n

qqqEqqqH

iEtExpqqqtqqq
t

tqqqitqqqH

,...,,...,ˆ
/,...,,,...,

,,...,,,...,ˆ

2121

2121

21
21

ψψ

ψψ

ψψ

=

−=
∂

∂
=

η

η

If the Hamiltonian Operator does not have time dependence 
then the time dependent problem is transferred to a time 
independent problem of finding the eigenfunction and 
eigenvalue of the Hamiltonian operator



Penetration of Barrier
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Three parameters we 
can control
Mass of particle
Barrier Height
Length of Barrier

Try electron with 1 
angstrom barrier length 
with 1 ev barrier



Barrier Height Dependence
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Length Dependence
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Mass Dependence
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Harmonic Oscillator Classical 1
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Harmonic Oscillator Classical 2 
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Energy of oscillator is constant 
It determines the maximum displacement
Oscillate with same frequency no matter the total energy



Taylor’s Expansion of Potential Energy
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Near the equilibrium bond length 
the potential energy surface can be 
approximated using only up to the 
second derivative
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Quantum Harmonic Oscillator 1
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Quantum Harmonic Oscillator 2
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How to solve this problem?  First solve the =0 problem
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We need to satisfy

We will only keep

And V at infinity is large
Wavefunction must decay



Quantum Harmonic Oscillator 3
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How to solve this problem?  First solve the =0 problem
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Quantum Harmonic Oscillator 4
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Quantum Harmonic Oscillator 5
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Quantum Harmonic Oscillator 6
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Above states that if you define a0 you can define all 
even coefficients and if you define a1 you define all 
odd coefficients
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Quantum Harmonic Oscillator 7
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Hermite Polynomials
What we were calling as f(y) have a name called Hermite 
Polynomials



Wavefunction
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Wavefunction Nodes
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Probability Distribution

In classical Picture the probability of the harmonic oscillator 
is higher at the turning points than in the potential minimum.
(Kintic energy is small at turning points = particle motion is 
slow = particle distribution is large at turning points)
This is not the case for quantum harmonic oscillator at low 
quanta n=1, 2,.. But becomes gradually true at high quanta 



Tunneling 1
As seen from the figure in the left the 
wavefunction at acertain eigenvalue 
(energy) has probability outside of the 
turning points (classical allowed region) 
this is the tunneling contribution
To estimate the tunneling we calculate the probability
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Expectation Values



H2 and D2 and T2 Vibrations


