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From Perdew’s 2019 lecture notes:

MANTRA OF CORRELATED-WAVEFUNCTION
THEORY:

THE RIGHT ANSWER FOR THE RIGHT REASON
(BUT AT A HIGH PRICE, AND ONLY FOR FEW-
ELECTRON SYSTEMS.)

MANTRA OF DENSITY FUNCTIONAL THEORY:

ALMOST THE RIGHT ANSWER FOR ALMOST THE
RIGHT REASON AT ALMOST THE RIGHT PRICE
FOR ALMOST ALL SYSTEMS OF INTEREST.

THE HISTORY OF DFT SHOWS THE POWER OF AN
EXISTENCE THEOREM.



Outline

1. Basic definitions

2. Hohenberg-Kohn theorem
3. The XC energy

4. KS equations

5. Exact conditions

6. Local Density Approximation
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(Fom K. Borke, “The ABC of DFT")
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Hohenberg-Kohn theorem (1964):
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Levy's constrained-search proof (1979)

Set of all possible normalized,
antisymmetric N-electron functions
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Euler-Lagrange equation:
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For a given external potential, the solution to this equation yields the correct ground-state density. But we need
to know Fn)...

Approximations for F[n] that are explicit functionals of the density are generally too crude to be very useful.

e.g. Thomas-Fermi approximation:
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Kohn-Sham (1965):

F[n] = Ts[n| + Egx[n] + E‘\-\C [n]
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Kinetic energy for system of Hartree energy

non-interacting electrons
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The Kohn-Sham wavefunction @w is the wavefunction
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Euler-Lagrange equation for the KS system:
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Solve these self-consistently:

(1) Guess an initial density
(2) Solve the equations to get initial set of KS orbitals
(3) Construct new density

(4) lterate until the new density matches the one from previous iteration

Note: If E,.[n] were "exact”, you would be guaranteed the exact n(r) and the exact
ground-state energy.



Definition of Correlation Energy: FE"]
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Definition of Exchange Energy:
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The first approximation one could think of is setting E, [#] =0

The results of this “simplified Hartree approximation” are not very good: Bond
lengths are typically ~20% too large, and binding energies way too small.

Local Density Approximation (LDA, Kohn-Sham 1965):
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LDA gives the exact answer for the uniform electron gas

In practice, use the Local Spin Density Approximation, LSDA

BEPA g, my) = [ @ rn()e (nn(o), my )

LSDA yields much better results than the simplified Hartree approximation:
Bond lengths and binding energies are just a few % off.

radual density




Why does the LSDA work as well as it does?

Coupling-constant integral for £, [n] (Langreth and Perdew, 1975):

A-dependent Hamiltonian:
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Adjust vy(r) to hold the ground-state density fixed at its A = 1 value.
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Two-particle density matrix:
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Joint probability density

p(r,x') = n(x) [n(r') + nde(r, )|

Density at r” of the XC
hole around an electron
anr.
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Why does the LSDA work as well as it does?

Coupling-constant
averaged XC hole
density,
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Other exact conditions:

e.g. Uniform coordinate scaling:
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To make progress, Perdew’s Golden Rules:
(1) Get the uniform gas limit right.
(2) Satisfy more exact constraints.

(3) Add more ingredients that provide more information.



Modern DFT

Kieron Burke

Hardy Gross

John Perdew







