Non-relativistic time-dependent
Schroedinger equation
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Non-relativistic time-independent
Schroedinger equation

Hamiltonian operator for a
system of nuclei and electrons
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Hamiltonian operator
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Hamiltonian operator for a system of
nucle1 and electrons in Atomic Units
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Schroedinger equation solution

Hydrogen atom and hydrogenic atoms
(H, He*, Li*, ..., U™
--> EXACT SOLUTION
wave-function --> coordinates of a single electron

He, Hydrogen molecule, H *

--> APPROXIMATED SOLUTION
wave-function --> coordinates of all electrons
many-body system



Born-Oppenheimer Approximation

Nuclei, being so much heavier than electrons, move
relatively slowly and may be treated as stationary
while the electrons move 1n their field.
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on the electron coordinates on the nuclear coordinates




Variational principle

According to the variation principle for the ground
state |0 >, the energy of an approximate wave
function |® > 1s always higher.
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Thus one measure of the quality of a wave function
1S 1ts energy:

The lower the energy, the better the wave function.




Spin

To complete describe an electron 1s necessary to
specity its spin.
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Paul1 principle

No more than two electrons may occupy any
given orbital and, if two do occupy one orbital,
then their spin must be paired.

General statement:

When the label of any two identical fermions
(electrons) are exchanged, the total wavefunction
changes sign.
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Hartree-Fock method 1
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Hartree-Fock method 11
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the average potential experienced by the ith electron
due to the presence of the other electrons

The essence of HF approximation is to replace the complicated
many-electron problem by a one-electron-problem.




