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1-D Schrödinger equation :
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Classical wave equation :

with

Main interest is in the structure of eigenstates 
and transport properties for a disorder 

with long-range correlations in )x(U
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Continuous models with white-noise potentials

with (weak) random potential , 1220 <<== σ)x(U      ; )x(U 

The problem is solved exactly:
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Single-parameter scaling: All transport properties depend on 
one parameter only L/l∞=ξ
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in completely random potentials all eigenstates are exponentially

x
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)E(l∞ - localization length

Anderson localization

isFor finite samples of size the transmission coefficientL
(a) strongly localized states (insulator)

localized

T

(in infinite - space)

∞= l/L-Tln 2

Ll <<∞

(b) weakly localized states (conductor)

∞−≈ L/lT 21 Ll >>∞

)l/Lexp(~T ∞−2
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Anderson tight-binding model

- site energies of an electronnε

- hopping matrix element1=ν

nnnn )E( ψενψνψ +=+ −+ 11

μ
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Localization length – White-noise disorder
22
nεσ =

E=μcos2
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(a) amplitude disorder --

(b) positional disorder --

Kronig-Penney models
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Kronig-Penney model

)xx()x(U)x(k)x( nn
n

n −=+′′ ∑
∞

−∞=

δψψψ 2

Here            -- amplitude of the n-th delta-scatterer at         nU nxx =

Experimental setup, two limit cases:

(a) amplitude disorder -- n dxn = nU; - random  

(b) positional disorder -- nn n dx ξ+= nξ - random  

constUUn ==

;
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dwhere is spacing between scatterers

nn UU ξ+= >=< nUUand

Kronig-Penney model: Amplitude disorder
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For single-mode waveguide: 22 )d/()c/(k πω −=

γμμ cossin
k
Ucos 22 =+

γ
μσλ 2

2

2

2
1

8 sin
sin

k
l == −
∞ c/k ω=2kE =

222 Un <<= ξσ

is the Bloch phase : n )iexp(n ψγψ =+1

kd=μ

where d is the width of waveguide

Kronig-Penney model: Localization length

γ
- Lyapunov exponentλ
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Localization length – correlated disorder
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Method: ∑
∞
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nZ are random numbers with the zero mean 
and unitary variance

How to construct the potential from 
a given pair correlator?
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Numerical simulation – Anderson model
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Numerical confirmation: Kronig-Penney model
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Single-mode waveguide:  Experimental setup

U.Kuhl, F.Izrailev, A.Krokhin, H.-J.Stöckmann, Appl. Phys. Lett., 77 (2000) 633.
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Single-mode waveguide:  Experimental setup

GHz.. 01557 ÷=ν



Cargese, July 12, 2010

1st sequence 2d sequence

100

500

Transmission coefficient for 2 correlated sequences

N
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Selective reflection - enhancement of localization

Example

E=μcos2 πμ <<0

The function               is normalized :)(W μ
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Enhancement of localization - experiment

U.Kuhl, F.M.Izrailev, A.A.Krokhin, Phys. Rev. Lett., 100 (2008) 126402.
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Bi-layered structures
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The model
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Random widths of slabs with correlations
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Main result – Lyapunov exponent
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Conventional Photonic Layered Media

  ; nμ ; a,ba,bb,a 0>ε



Cargese, July 12, 2010

0 0.5 1 1.5 2
0

20

40

60

80

100

120

ω

λ

Metamaterials

   n,μ ,   ;  n,μ , bbbaaa 00 <> εε
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Quarter stack layered medium  bnan ba =

 (n)(n) ba ξξ =  (n)(n) ba ξξ −=
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“Minus-correlations”  (n)(n) ba ξξ −=
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