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Resolvents:

• G(z) = (z – H)-1 resolvent: analytic in the 
complex plane with exception of the poles on 
the real axis; Green‘s functions: e.g., 
<r|G(z)|r‘> are representations of G(z)

• H : non-relativistic or relativistic (Dirac)
• G(z) and H have the same symmetry
• physical properties can be formulated as 

mappings of G(z)



Lippmann-Schwinger equation

G(z) = G0(z)[1+VG(z)]

G0(z): structure constants, V = const., 
„screened KKR“, semi-infinite systems

G0(z): semi-infinite system, V = set of „impurity“ 
potentials: „embedded cluster method“, 
nanostructures 



Configurational averages

<G(z)>conf = cA <G(z)>A + cB <G(z)>B

<G(z)>A,B : partial average

c: can be inhomogeneous (layered systems)

Coherent Potential Approximation (CPA)



Contour integrations

Re(z)

Im(z)

EFEb
eigen values



Magnetic multilayers



Interlayer 
exchange 
coupling (IEC)

(1) Phase slip 
(2) Oscillatory, two periods

1800 coupling

900 coupling



IEC & 
experiment

Cu4Ni8Cu5Ni9/Cu(100)



Electric transport

CIP: „current-in-plane“
CPP: „current-perpendicular to the planes of atoms
GMR: giant magnetoresistance
TMR: tunneling magnetoresistance



Magnetic configurations

P: parallel („ferromagnetic“)
AP: antiparallel („antiferromagnetic“)



Physical meaning 
of complex Fermi 
energies I



Physical meaning
of complex Fermi
energies II



Resistivities 
& GMR in
magnetic 
multilayers



AMR 
in Permalloy

FecNi1-c

Experiment

Theory



1800 domains 900 domains

Magnetic domains



CIP-AMR in permalloy domain walls

1800 domain wall 900 domain wall



Exchange bias 

AFM/FM systems:
Magnetic pinning

Exchange bias for
GMR-devices:

0 < E < Ebias : R(E) = 0

E > Ebias : R(E) > 0

E: interlayer exchange  energy

CoO/Co:
Ebias(exp.) < 9.5 kO
Ebias (theor.) = 6 kO
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Nanostructures



Magnetic anisotropy of nanostructures

Fen/Cu(100) Fen /Cu(111)



Residual resistivities of finite 
chains of Fe (circles) and Co 
(triangles) atoms embedded 
in the surface plane of Ag(100).
Open squares refer to the 
difference between the Fe 
and the Ni residual resistivity. 
The length of the chains is 
shown explicitly.

Electric properties of nanostructures



Time-dependent DFT-1

-74 -58 t, [a]



Time-dependent DFT-2

t, [a]- 1/2- 5

The famous WK-guacamole


