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Perturbation Theory
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Expanding the exact solutions
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First order correction to energy and wavefuntion of nth state
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Second order correction to energy and wavefuntion of nth state
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Perturbation Theory 1
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Conditions that have to be satisfied
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Perturbation Theory 2
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First Order Perturbation Theory 1
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First Order Perturbation Theory 2
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First Order Perturbation Theory 3

      01000 'ˆˆ nHEjEHC n

j

nnj 

Multiply both sides by 
0k

   

   

      
 

    00

00

0000

000010000

000010000

'ˆ

'ˆ

'ˆ     if

'ˆˆ

kn

nk

nknk

n

j

nknj

n

j

nnj

EE

nHk
C

nHkEEC

nHknkEjkEECnk

nHknkEjEHkC


















nk

nk kCn 01

8



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
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For electron Hartree Fock is 0th order answer

Wave function is a slater determinant of the spin orbitals
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What is 1st 2nd perturbation energy?

1st order correction to the energy is
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Second Order Correction to the ground state is?
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Since only two electron excitation from the ground state Hartree Fock solution have values
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Just need the orbital energies and the exchange and coulomb integral of orbitals
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Perturbation Convergence
STO-3G
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Perturbation theory Convergence CRAZY
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MP2 calculations

• Can be calculated by small extra effort of Hartree Fock

• Can include van Der Waals interactions that are becoming important 
due to protein folding or Metal surface interactions

• Only works when two electron excitation from Hartree Fock are the 
most important contribution

• PROBABLY BETTER TO STOP AT MP2 AND NOT WORTH 
GOING MORE HIGHER TO MP3 MP4…

• If you stop, STOP AT EVEN ORDERS
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