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Transmission Matrices



SCATTERING



Single Interface

θ1

θ2

ktz ≡ k2cosθ2
kiz ≡ k1cosθ1

k1 =
2πn1

λ k2 =
2πn2

λ



y

z

xTransverse Electric - TE
(Ey, Hx, Hz)

Single Interface



Fresnel Equations

(Ey, Hx, Hz)

⃗Ei = Eyi ̂y ei ⃗k i⋅ ⃗r

Transverse Electric - TE polarization

⃗Hi = (Hxi ̂x + Hzi ̂z )ei ⃗k i⋅ ⃗r

Incident Electromagnetic
 Plane Wave
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Scattering elements
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COMPLEX MEDIA



Into the Labyrinth



Multiple scattering



Penetrating Disorder



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



Waves through complex media



Phase Conjugation and Focusing
Forward	spot	

Backward	spot	

output	

Ph.Conj	+	Rota7on	
							as	new	input	

z

Phase conjugation

Time reversal - Phase conjugation



TRANSMISSION MATRIX - 
GENERAL



Scattering Matrix

Scattering matrix Incoming wavesOutgoing waves

System

S† = SEnergy 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



Random Lasers
Perfect transmission Eigenchannels
Wavefront shaping techniques
Imaging though turbid media

Anderson localization
Random Matrix Theory

Condensed Matter Physics Disordered Photonics

Nature 446, 52 (2007)
PRL 100, 013906 (2008)

Phys. Rev.109, 1492 (1958)

Disordered Photonics



Wavefront shaping



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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cladding
core
cladding
substrate

coupling
Coupled mode Theory (tight-bind approximation)

Discrete Diffraction Equation
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Constructing the transmission matrix
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1st 
column 

Nth 
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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

+

Amplitude Phase



Focusing by inversion
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