
DFT – part 1 : student summaries 

 

The main thing to remember is the difference between Hartree-Fock methods and DFT. 

 

What a functional is, why the born-oppenheimer is such a good approximation and how the external 

potential uniquely defines the system. 

 

The Hamiltonian used, The Born-Oppenheimer approximation and its limits. The external potential 

and that it defines the system. Electron density and how to calculate it. 

 

It is important to remember that 1) a functional maps a function to a number, not a function to 

another function, 2) the BO approximation is a very good approximation that treats electrons in the 

field of static nuclei and then nuclear motion in the electronic PES, 3) postHF methods are not 

tractable for large systems such as solids, and that the external potential is defined by position of 

nuceli and uniquely defines the system.  

 

Functionals are ""functions of functions"" to numbers. 

The fundamental equation to be solved in this case is the Schrödinger equation. It contains the 

Hamiltonian, which is every relevant energy term combined, the complex wave function and the 

total energy, which is a number. To solve this, the Born-Oppenheimer approximation is used: nuclei 

move way more slowly than electrons and are thus considered ""stationary"".  The stationary 

positions of your nuclei now define the external potential, which defines your system. Now you can 

use Hartree-Fock using Slater determinants, or DFT using electron density to solve your problem." 

 

Born Oppenheimer approximation, external potential  

 

The many-body Schrödinger equation is made a little less complex by applying the B-O 

approximation, i.e. assuming that the nuclei are at rest. Afterwards, The DFT is a method to 

transform this complex problem (Schrodinger eq.) to much simpler equations which can be solved by 

a numerical solution method. The (post-)Hartree-Fock methods can also be used to solve the exact 

Hamiltonian. This Hamiltonian contains the external potential which defines the system we are 

studying.  

 

Schrödinger equation of solids have Coulombic and Kinetic energy interactions between nuclei and 

electrons which form a many body system. The interactions in solids for each atoms are so many that 

there is a need for making certain assumptions, such as Born oppenheimer approximation and 

Hartree-fock methods, to get solution of Schrödinger equation in order to calculate its properties. 

  



DFT – part 1 : exam question suggestions 

 

What is the difference between Hartree-Fock and DFT? 

Why does the Born-Oppenheimer approximation almost never fail? And give an example for a 

situation where it does 

Write down the Hamiltonian for a solid and explain each of the terms. What approximation(s) can 

you make? 

Give a set of examples of different functions and functionals and ask “which of the following are 

functionals”  

What is a functional? Give an example. 

Why does the external potential identify the system we are studing? 

Show the Schrödinger equation interactions for hydrogen molecule. 


