
Electronic structure theory and 
magnetism

Olle Eriksson
Uppsala University

and 
WISE-Wallenberg Initiative Materials Science



A sustainable future through materials science
The Wallenberg Initiative Materials Science for 
Sustainability (WISE), is a Swedish research program 
initiated and financed by the Knut and Alice Wallenberg 
Foundation.

ENERGYCLIMATE
M€ 270 spanning 2022–2033

186 PhD students and 186 postdocs

Graduate school

Research and technology platforms

Research arenas with Swedish industry

Strategic recruitment of 28 asst/assoc professors

International guest professor program

CIRCULARITY
AND

REPLACEMENT
DISCOVERY

wise-materials.org



Full electron Hamiltonian



Walter Kohns ideas

i) A functional exists that couples total 
energy to ground state electron density
ii) Find best approximation of E[n(r)]
and minimize w.r.t. n(r) Dirac eller 
Schrödinger eqn. for one-electron system



Density Functional Theory

variational principle

electron density



Density Functional Theory

Assume densities are the same



Walter Kohns ideas

i) A functional exists that couples total 
energy to ground state electron density
ii) Find best approximation of E[n(r)]
and minimize w.r.t. n(r) Dirac eller 
Schrödinger eqn. for one-electron system



One-electron Hamiltonian 

dE[n(r)]/dn=0



The density functional



For a crystalline material



Bands of fcc Cu



Bands of Si



Bands of bcc Fe



Calculations of magnetic moments



Permanent magnet applications



Inter-atomic exchange



Inter-atomic exchange



Heisenberg Hamiltonian

∆E=-Jij mi mj

Η=-Jij mi mj
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