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Roots Roots 

Hartree-Fock  Theory 

Rayleigh-Ritz-Prinzip

Higher Effective Action 

Cyrano De Dominicis 1962

But no good in strong-coupling limit!

John William Strutt, 3. Baron 

Rayleigh (1842 –1919)

Nobel Prize  1904)

Walter Ritz 

(1878 –1909)

W.A.  Fock 

(1898 –1974)
D. R. Hartree

(1897 –1958)

Principle of Minimal Sensitivity 

P.M. Stevenson 1981
(Bridge to Seznec + Zinn(Bridge to Seznec + Zinn--Justin  1979 Justin  1979 

previous lecture )previous lecture )



Effective Classical Partition FunctionsEffective Classical Partition Functions





JensenJensen--PeierlsPeierls



Solves Convexity Problem of Effective Action Solves Convexity Problem of Effective Action 

Legendre TransformLegendre Transform
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Can go to  HigherCan go to  Higher--Order Order 

Effective Classical Partition FunctionsEffective Classical Partition Functions

Exercise first at  at T=0  Exercise first at  at T=0  

HigherHigher--Order Order 

Variational Perturbation  Theory  (1990)Variational Perturbation  Theory  (1990)



T=0 T=0 



Typical ProblemTypical Problem





Anharmonic OscillatorAnharmonic Oscillator

to any order via Benderto any order via Bender--Wu recursion relationsWu recursion relations
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Expand to first order in:Expand to first order in:
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1 st order perturbation 1 st order perturbation 
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1 st order variational perturbation 1 st order variational perturbation 

exact:exact:





Higher Odd vs. Even OrdersHigher Odd vs. Even Orders



up to 40 Digits:up to 40 Digits:

World Record 62 Digits: World Record 62 Digits: 

AccuracyAccuracy



Oscillations Related to Oscillations Related to 

Convergence Radius of  SCConvergence Radius of  SC--ExpansionExpansion

W. Janke, H. Kleinert, PRL 75, 2787 (1995)W. Janke, H. Kleinert, PRL 75, 2787 (1995)

R. Guida, K. Konishi, H. Suzuki , Ann .Phys. 249, 109R. Guida, K. Konishi, H. Suzuki , Ann .Phys. 249, 109 (1996)(1996)



up to 40 Digits:up to 40 Digits:

World Record 62 Digits: World Record 62 Digits: 

World record 62 Digits:World record 62 Digits:



HH--Atom in Strong Magnetic FieldAtom in Strong Magnetic Field



Membrane between WallsMembrane between Walls











NonNon--Borel SeriesBorel Series



Field Theoretic Variational Pert. TheoryField Theoretic Variational Pert. Theory
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ExamplesExamples





Beyond HubbardBeyond Hubbard--StratonovichStratonovich

which is good only for large Nwhich is good only for large N

HubbardHubbard--Stratonovich misses two of theseStratonovich misses two of these





If you want to know more, read my books If you want to know more, read my books 




