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Perturbation Theory

• Wave function correction up to nth order is 
enough for energy correction up to 2n+1th

order. 

• Where to truncate the sum?
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Perturbation Theory

• Wave function correction up to nth order is 
enough for energy correction up to 2n+1th

order. 
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Perturbation Theory: Examples
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Perturbation Theory: Examples
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Perturbation Theory: Examples
Zeeman Effect in Hydrogen Atom
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Perturbation Theory: Examples
Spin-Orbit Coupling in Hydrogen Atom

n=1, l=0

n=2, 
l=0, 1
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Perturbation Theory: Examples
Helium Atom
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Perturbation Theory: Examples
Hellmann-Feynman Theorem
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Perturbation Theory: Examples
Hellmann-Feynman Theorem Example
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Perturbation Theory: Examples
Response to Electric Field Molecular Response Parameters

Permanent dipole moment

Polarizability

Hyperpolarizability

From Hellmann-Feynman Theorem
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Perturbation Theory: Examples
Response to Electric Field

From perturbation theory,

mean polarizabilityNP
TE
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Perturbation Theory: Examples
Response to Electric Field Molecular Response Parameters

Permanent dipole moment

Polarizability

Hyperpolarizability

From Hellmann-Feynman Theorem
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Perturbation Theory: Examples
Response to Electric Field

From perturbation theory,

mean polarizabilityNP
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Perturbation Theory: Examples
Closure Approximation of 2nd order Energy Correction
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Perturbation Theory: Examples
Molecular properties and polarizability

Polarizability and fluctuation in the electric dipole moment

Polarizability  and mean square radius of an orbital

Polarizability and radius of atom/ Ionization potential of atom

Polarizability and volume of atomNP
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Perturbation Theory: Examples
Polarizability in molecular spectroscopy
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• Molecules showing intense absorption spectrum at 
low frequency are highly polarizable: intensely 
coloured molecules

• Molecules showing weak absorption spectrum at 
high frequency are least polarizable: colourless 
hydrocarbonsNP
TE
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Perturbation Theory for Degenerate States
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Perturbation Theory for Degenerate States
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Perturbation Theory for Degenerate States
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Perturbation Theory for Degenerate States: Examples
Excited States of Helium Atom

Unperturbed wave functions for the excited states:

Unperturbed energy of He atom 

Electronic configuration for the ground state: 1s2 

Electronic configuration for the excited states:  1s1 2s1, 1s1 2px
1, 1s1 2py

1, 1s1 2pz
1, ….
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