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Real Systems
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We do not have analytical solutions!



Linear Combination
Expansion of a function :
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Perturbation Theory
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Expand solution in terms of λ then make it equal to 1 at the end



Bra-Ket Notation
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Perturbation Theory 1
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Perturbation Theory 2
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Collect equal orders of  λ
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First Order Perturbation Theory 1
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Expand the first order perturbed wavefunction



First Order Perturbation Theory 2
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First Order Perturbation Theory 3
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Second Order Perturbation 1
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Perturbation Theory Summary
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First order perturbation to energy is expectation value of the 
perturbation

First order perturbation to wave function usually mixes the 
states that are close in energy

Second order perturbation to energy is obtained from the first 
order perturbed wave function



Atomic Units
For quantum systems such as electrons and molecules 
it is easier to use units that fit them=ATOMIC UNIT

Use mass of electron (not kg)
Use charge of electron (not coulomb)
Use hbar for angular momentum (not  kg m2 s-1)
Use 4πε0 for permittivity (not C2 s2 kg-1 m-3)
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First Order Correction to Energy
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First Order Correction To 
Wavefunction
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Examples 2
( ) ( )xExkx

dx
d

m
ψψ =⎥

⎦

⎤
⎢
⎣

⎡
+−

22

2

2

22η

( ) ( )

ω

ω
π
ωψ

η

ηη

⎟
⎠
⎞

⎜
⎝
⎛ +=

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛=

2
1

          
2

exp
!2

1

0

22
1

2
1

0

nE

xmyyyHm
n

y

n

nnn

4
4

3
3' xCxCH +=



First Order Correction to Energy
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