HF-SCF
The Hartree–Fock (HF, the Hartree–Fock method is also called the self-consistent field method (SCF)) method is a method of approximation for the determination of the wave function and the energy of a quantum many-body system in a stationary state. The most common type of ab initio calculation is called a Hartree Fock calculation, in which the primary approximation is the central field approximation. The  Hartree-Fock (HF) method employs an idea in which the many-electron wavefunction   is   written   as   an   anti-symmetric   product   of   single-electron wavefunctions.
[image: ]In HF, the Schrödinger equation to be solvable, the variables must be separable. The variables are the coordinates of the electrons. In order to separate the variables in a way that retains information about electron-electron interactions, the Coulomb repulsion term, e.g. 
for helium, must be approximated so it depends only on the coordinates of one electron. Such an approximate Hamiltonian can account for the interaction of the electrons in an average way. The exact one-electron eigen functions of this approximate Hamiltonian then can be found by solving the Schrödinger equation. These functions are the best possible one-electron functions.
The best possible one-electron wavefunctions, by definition, will give the lowest possible total energy for a multi-electron system when combined into a Slater determinant and used with the complete multielectron Hamiltonian to calculate the expectation value for the total energy of the system. These wavefunctions are called the Hartree-Fock wavefunctions and the calculated total energy is the Hartree-Fock energy of the system. Application of the variational method to the problem of minimizing the total energy leads to the following set of Schrödinger-like equations called Hartree-Fock equations,
[image: ]
where [image: ]is called the Fock operator. The Fock operator is a one-electron operator and solving a Hartree-Fock equation gives the energy and Hartree-Fock orbital for one electron. For a system with 2N electrons, the variable i will range from 1 to N; i.e there will be one equation for each orbital.
The nature of the Fock operator reveals how the Hartree-Fock (HF) or Self-Consistent Field (SCF) Method accounts for the electron-electron interaction in atoms and molecules while preserving the idea of atomic and molecular orbitals. The full antisymmetrized wavefunction written as a Slater determinant of spin-orbitals is necessary to derive the form of the Fock operator, which is
 (
(1)
)[image: ][image: ]
As shown by the expanded version on the far right, the first term in this equation,   ,, is the familiar hydrogen-like operator that accounts for the kinetic energy of an electron and the potential energy of this electron interacting with the nucleus. For electron 1 in helium, for example,
[image: ]
The second term in equation (1) accounts for the potential energy of one electron in an average field created by all the other electrons in the system. The Fock operator is couched in terms of the coordinates of the one electron and the average field created by all the other electrons in the system is built in terms of the coordinates of a generic “other electron” during the summation over the N spatial orbitals.
[image: ]The operators [image: ] and [image: ]  result from the electron-electron repulsion terms in the full Hamiltonian for a multi-electron system. These operators involve the one-electron orbitals as well as the electron-electron interaction energy,          , which in atomic units simplifies to 1/r12.
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