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Lecture 1: Kondo model

anomalous resistivity minimum in dilute magnetic alloys 
(localized spins scatter conduction electrons)

Kondo Model:

final state: initial state:
Spin-flip scattering:

turns out to be enhanced at 
low temperatures:

universal curve

conduction electron spin

magnetic impurity

ground state  = 
 spin singlet

T = 0: Fermi liquid theory

[Kondo, Phys Rev 1964]



Scattering states and T-matrix

Free state:

Scattering state:

Ansatz:

Check:

Iterate (4):

T-matrix:

Matrix elements of T
pert. 
exp:

relative minus: 

versus

act in opposite order

final state is



Consider 

performing entire integral yields log. divergence

Anderson "poor man's 
scaling" idea: split off 
contribution from 
strips near band edges:

Integrated-out strips 
yield term of same form 
as bare vertex:

Scaling of T-matrix
under band-width
reduction:

Scaling eq. for 
dimensionless coupling:

So, reducing bandwidth

generates increase in 
coupling constant:



Flow to strong coupling; Kondo temperature

Scaling equation:

and use as effective coupling 
constant at temperature T:

Reduce bandwidth until  [because by (4.5b), renormalization of coupling stops for D1 << T ;
 lecture 3 will illustrate this in more detail ! ]

For g0 > 0, scaling approach
eventually breaks down:
eff. coupling diverges at
a scale Tk :


