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Transmission Matrices



SCATTERING IN COMPLEX 
MEDIA



Single Interface
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Scattering elements

S I N G L E  
I N T E R FA C E P O I N T  S C AT T E R E R

C Y L I N D E R S P H E R E

D O U B L E  
I N T E R FA C E



Multiple scattering



Penetrating Disorder



Waves through complex media



Input Intensity Input Phase Output Intensity

IN Papadopoulos, S Farahi, C Moser, D Psaltis, Optics Express 20, 10583 (2012).

Focusing by phase conjugation

In many applications we have multimode operation



Into the Labyrinth



TRANSMISSION MATRIX - 
GENERAL



Scattering Matrix

Scattering matrix Incoming wavesOutgoing waves

System

S†S = IEnergy conservation - Unitarity:

Reciprocity - Symmetry: ST = S



Transmission Matrix

Scattering matrix

Incoming wavesOutgoing waves

System

Transmission matrix



Transmission Matrix - Multimode Fibers



Transmission Matrix - Disordered media



Wavefront shaping and disorder



Transmission Matrix - Disordered media



Transmission Matrix - Disordered media



Transmission Matrix - Disordered media



Transmission Matrix - Disordered media



Transmission Matrix - Disordered media



Transmission Matrix - Disordered media



TRANSMISSION MATRIX - 
PROPERTIES



Transmission Matrix

Linear Transformation

Input amplitudesOutput amplitudes Transmission matrix



Matrices and Linear Transformation

Theorem of Linear Algebra

Every linear transformation is related to a matrix, given the bases of 
the two vector spaces that the linear map is defined



Transmission Matrix - Linear Transformation

Input vectors Output vectors



Simplest Example - Waveguide Array
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Coupled mode Theory (tight-bind approximation)

Discrete Diffraction Equation
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Constructing the transmission matrix

z

z



. . .

1st 
column 

Nth 
column 

2nd 
column 

T =

} Outputs of BPM
(amplitude and phase)

for every canonical base
vector as an input

Constructing the transmission matrix

 T-matrix



Focusing by inversion

T |ψin > = |ψout > ⇒

T−1 |ψout > = |ψin >

Desired Focused spot Calculate input
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Focusing by inversion
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