
The model utilises the many-body

Hamiltonian on a radial grid, reducing the 3D

problem to 1D via the central field

approximation. It enforces the Pauli exclusion

principle through Slater Determinants and the

variational principle. We try to minimise our

total energy. 

2. Theory

The atom is a complex many-body system.

While the Hydrogen atom can be solved

analytically, larger systems from Helium

onwards require numerical approaches. Multi-

electron atoms present a significant

computational challenge because electron-

electron repulsion makes the Schrödinger

equation analytically unsolvable. This project

implements the Hartree-Fock method to

numerically approximate the energy levels of

light atoms (Li, Be, B, and C).

1. Introduction A 1D radial finite difference grid was

constructed to discretise wavefunctions into

matrices. Each term in the Hamiltonian has

its own matrix representation. We employed

a Self-Consistent Field (SCF) iterative loop

using Restricted (RHF) and Unrestricted

(UHF) methods to solve the total fock matrix.

The solutions are the energy levels and new

wavefunctions we need. One we reach

convergence, we can calculate the final

energy of the system.

3. Method

The Radial position of the electrons

can be plotted as it is equal to the

square of the modulus. 

We can see effects of the larger

nucleus and the exchange principle.

5. Radial position

The Hartree-Fock method on a

discrete radial grid provides a

robust and accurate framework for

modeling atomic systems. 

This implementation effectively

bridges the gap between

theoretical quantum formalism and

practical numerical simulation for

future students.

To improve upon the model the code

could be upgraded from a radial grid

to a logarithmic one. 

6. Conclusion
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The model successfully converged for

all atoms in the study.

The results agree with literature

values. 

As we increase the size of the atom, we

deviate slightly from the literature

value.

4. Results

Then we derive the Fock equation, changing the

core-Hamiltonian, Coulomb (J), and Exchange (K)

operators into matrices.

Individual orbital energies also validate

our method, agreeing with literature

values.

The results also agree with Koopmans’

theorem.
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