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Density Functional Theory

Density-Functional Theory of Atoms and Molecules 

– Robert G. Parr and Weitao Yang
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The Thomas-Fermi model 

The assumptions stated by Thomas (1927) are that: “Electrons are

distributed uniformly io the six-dimensional phase space for the

motion of an electron at the rate of two for each ℎ3of volume,” and

that there is an effective potential field that “is itself determined by

the nuclear charge and this distribution of electrons.” The Thomas-

Fermi formula for electron density can be derived from these

assumptions.
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The Thomas-Fermi model 
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The Thomas-Fermi model 
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The Thomas-Fermi model 

We here first encounter one of the most important ideas in modern

density-functional theory, the local density approximation (LDA). In

this approximation, electronic properties are determined as functionals

of the electron density by applying locally relations appropriate for a

homogeneous electronic system.
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The Hohenberg-Kohn theorems 

The first Hohenberg-Kohn theorem (Hohenberg and Kohn

1964) legitimizes the use of electron density 𝜌(𝐫) as basic

variable. It states: The external potential 𝒗(𝐫) is determined,

within a trivial additive constant, by the electron density

𝝆(𝐫). Since 𝜌 determines the number of electrons, it follows

that 𝜌(𝐫) also determines the ground-state wave function Ψ

and all other electronic properties of the system. Note that

𝑣(𝐫) is not restricted to Coulomb potentials.
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The Hohenberg-Kohn theorems 
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The Hohenberg-Kohn theorems 

18



Dr Rashid, 2023Jashore University of Science and Technology

The Hohenberg-Kohn theorems 
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The Hohenberg-Kohn theorems 
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The Hohenberg-Kohn theorems 
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The Hohenberg-Kohn theorems 
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The v- and N-representability of an electron density

A density is v-representable if it is the density associated with the

antisymmetric ground-state wave function with some external

potential v(r) (not necessarily a Coulomb potential).

A density is N-representable if it can be obtained from some

antisymmetric wave function.
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The v- and N-representability of an electron density

The first Hohenberg-Kohn theorem:

There is a one-to-one mapping between ground-state wave

functions and v-representable electron densities. It is through

this unique mapping a v-representable density determines

the properties of its associated ground state.
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The v- and N-representability of an electron density

What if a trial density is not v-representable? 
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The v- and N-representability of an electron density
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The Levy constrained-search formulation
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The Levy constrained-search formulation
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The Levy constrained-search formulation
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The Levy constrained-search formulation
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