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This class … 

is devoted to the many-electron aspects of the solid 
state (computational) theory 
•    explores  the many-electron features of the 
electronic structure of solids and solid surfaces 
•    discusses in some detail the jellium model  
•    explains in detail the original Kohn-Sham Density  
functional theory (DFT) and the local density     
approximation  (LDA)  
•     outlines its various improvements and 
generalizations 



General comments 
on the many-electron problem 



Basic formulation (“standard model”) 
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Qualitative picture (~ for simple metals)  
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Qualitative picture (~ for simple metals) cont’d  
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A neat expression for the total  electron energy 
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A neat expression for the total  electron energy 2 
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A neat expression for the total  electron energy 2 

9 

2

2

          external field potential 
3 3

energy Hartree mean field
3

3 3

 

2

 
1
2

1
2

| |

| |

Final 

ˆ ˆ ( ) ( ) ( )

form of the t

( )

( ( )

otal energ

( )

y

),

 

( )

 

e

e

H T d n d d n n

d d n nn

υ
← →

′
− ′

′
− ′

′ ′〈 〉 = 〈 〉 + ∫ + ∫

′ ′′+ ∫ −

r r

r r

r r r r r r r

r r r rr r
exchange and c

23 31
| |2 quant. fluct. about mean-field +      excl. SI       

ˆ( ) ( ))( ( ( )) ) ( )ˆ ˆ( ) (

Instead of the unwieldy wave function  it is enough to know

ed d n n nn n δ

Ψ

′
− ′

∫ 〈 − − − − 〉′ ′ ′′r rr r r r r rr r r


orrelation

2

  particle density dual to the external field
  pair correlation function    dual to the Coulomb interaction

n
n

•
•



Exchange and correlation hole 
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Properties of the exchange and correlation hole 
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Jellium 



Jellium: definition 
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  model of extended electron systems
  pedigree: Sommerfeld model
  ... and its justification
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Jellium: properties cont’d 
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Jellium: energetics 
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Jellium:  some results 
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Correlation energy in jellium -- crucial for LDA 
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Density functional theory 
(DFT) 



Hohenberg - Kohn theorem 
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Proof of the Hohenberg - Kohn theorem 
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Variational principle for the energy functional 
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Orbital theory of Kohn and Sham 
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Orbital theory of Kohn and Sham 
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Exact Kohn - Sham equations 
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Exchange and correlations in  KS theory 
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This seems to be a standard step, but ...
   DFT has no internal resources for systematically

     generating these approximations
   it has to use the results of other approaches
   it has to rely on 

•

•
• physical intuition
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(1)  As easy to solve as Hartree or Slater equations

(2)  Of course, by iteration in a self-consistent cycle

(3) LDA really works. Two questions  
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LDA eqs. have the structure of the exact KS eqs.

Kinetic and Hartree parts are included in full, "only"  is approximate

LDA is a parameter-free theory, no fitting, no adjustments
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erically, LDA is comparatively undemanding, solutions fully converged
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  Correlation energy per particle of any kind (true, exact DFT, LDA)

is completely specified by a single global characteristic of the respective XC hole

obtained in two steps

(1)   by the spherica

SUMMARY

l average of  

(2)   as the first moment of the resulting radial function
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[110]   plane in Si structure

density contours of valence electrons 
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  Si nuclei and bond connecting lines

  centers of XC holes in the main plot
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This is an oversimplified scheme of the vast list of approximations  to DFT. 
Try to look at  
http://sites.google.com/site/markcasida/dft 

Classification according to John Perdew 
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This is an oversimplified scheme of the vast list of approximations  to DFT. 
Try to look at  
http://sites.google.com/site/markcasida/dft 

Classification according to John Perdew 
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Classification according to John Perdew 
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Classification according to John Perdew 
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Epilogue 

At surfaces, LDA works all too well, 
considering the fast drop of the electron 
density from the bulk value to zero 
In the next class, we will have a look at 
truncated jellium.  



The end 
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