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Course Reminders

• Monday 13.10: mock written exam during the lecture time
• Tuesday 14.10: mock exam solutions and Q&A session (we’ll

gather questions on the Moodle forum by Monday 18:00 14.10)
• Monday 27.10: written exam
• Tuesday 04.11: report for exercise 4 due by 10:00; session for
exercise 5
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Report Templates

• To assist in making easily uploadable/readable reports, Simon
created Report Templates
• Google Doc or Overleaf (preferable) format
• Whenever you modify code, screenshot the cell/output using
the Snipping Tool or use the code environment in latex as
described in the hints at the top of the template
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Exercise 4

The Hartree-Fock procedure in detail (Reminder: you can download
these slides from the Exercise page)
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https://lcbc-epfl.github.io/iesm-public/Exercises/Ex4/IESM_Ex4b.html


Recap of HF Theory

HF method = approximate many-body wavefunction to a
single Slater determinant

Ψ(r1, r2, . . . , rn) ≈ ΨHF ≡
1√
N
|φ1(r1)φ2(r2) . . . φn(rn)|

→ ΨHF inserted into time-independent Schrödinger equation to find
eigenvalue, i.e. E =

〈
ΨHF

∣∣∣Ĥel
∣∣∣ΨHF

〉
. What is found is a

variational solution, i.e. HF energy is always above true energy.
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Recap of SCF Method

HF equations (will be derived in detail during Lectures)

EHF =
∑

i

〈
φi
∣∣∣ĥ∣∣∣φi

〉
+ 1

2
∑
i ,j

([φiφi |φjφj ]− [φiφj |φjφi ]) ∀φi

where [. . .|. . . ] integrals contain Coulomb and Exchange operators,
whose action on orbital φi depends on all the other one-electron
orbitals φj . Hence, HF equations have to be solved iteratively until
self-consistency (self consistent field SCF method)
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Hartree-Fock Roothaan Equations

• HF equations area set of coupled integro-differential equations
to determine the HF molecular one-electron orbitals
• If we represent the orbitals in a basis (of AO-like orbitals), the
HF equations transform into matrix equations that were first
derived by Roothaan

⇒ FC = SCE

• Note: as you will see today, this problem can be recasted in an
eigenvalue problem via a basis set transformation

⇒ F′C′ = C′E′
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Building the Fock Matrix

The HF method recasts into a pseudo-eigenvalue problem

FC = SCE

where:

• F = H + 2J−K is the Fock matrix
• C is the wavefunction amplitude matrix
• S is the overlap matrix
• and E is the energy value matrix

The issue? F relies on an orbital solution in order to iteratively solve
(with SCF method) for the “best” molecular orbitals which make a
single Slater determinant description of the system wavefunction.
We will begin with a guess and iteratively improve on the guess.
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Performing HF Explicitly
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Overlap Matrix S

S, the overlap matrix, describes the inter-relationships of the basis
set vectors. Other details about S:

• The number of basis functions, n, defines the size and shape of
S(nxn)
• S is an idenity matrix in the case of orthonormal basis set
functions
• By properly transforming the S matrix, we can ensure

orthonormality
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Implicit Einstein Summation

The einsum function in numpy allows for efficient matrix
multiplication.

• If needed, search for commands and variable types in the Psi4
manual
• Some code blocks just need to be executed. Typically, we use a

comment (#) in a code block to indicate where edits should be
made.
• Today’s exercise includes details for the manipulation of
matrices used in the HF procedure. As you work, try to
consider why these transformations are necessary in order to
run a HF method calculation.
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https://psicode.org/psi4manual/master/index.html
https://psicode.org/psi4manual/master/index.html

