
Modelling the scattering of light
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A plane wave



Why is it so hard? – a conspiracy theory

• Example: geometrical optics


• Ewald-Oseen extinction theorem 
 
All atoms conspire to 
- extinguish the incident ray 
- create a reflected wave  
- create a refracted wave


• Now, consider a curved particle 
with arbitrary shape

Pattanayak and Wolf, Opt. Com. 6 (1972)



Example: multilayers



Things we ignore

• anisotropic, magnetic, chiral, non-local, charged particles


• lossy incident medium


• transient response


• non-linear response, gain


• inhomogeneous particles, deformations, ...


• people telling us to attempt the above

Who?

Why?

When? Eh?

What?

Ha!
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Localised surface-plasmons: nanoparticles

collective oscillations of the conduction electrons 
constrained by the particle geometry
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Spherical harmonics, Mie theory
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Mie theory
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}
From there...

• Finite differences (time domain) 
• Finite elements 
• Boundary elements

• T-matrix 

• Mie theory 

• Periodic structures, ...

• Approximations, ...
}

Numerical

Analytical

M. Mishchenko, Scattering, Absorption, and Emission of Light by Small Particles, Cambridge (2002) 
M. Kahnert, Numerical methods in electromagnetic scattering theory, JQSRT 79 (2003)



Dipole-dipole coupling & plasmonics



Coupled dipole 
models

Mie shell

dyes on particle



Terminology

Discrete-Dipole Approx. Coupled-Dipole Approx.
(and a sphere)



The Discrete-Dipole Approximation 
... as a phenomenological approach to scattering

• Microscopic Maxwell equations 
(in a vacuum)


• Point dipoles


• Retardation (phase)


• a ≪ λ: Rayleigh regime 
a ~ λ: resonance (Mie) regime



Other plasmonic applications

200nm

200nm



Shell model: effective medium
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Cross-sections

Linear system

Coupled-dipole equations
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Preliminary results 

• Rich behaviour  

• Orientation matters! 

• No direct comparison with 
continuous model?



Linear system (3x3 example)

Including the sphere
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Steps: 

• Solve the Mie scattering problem for plane-wave (Esphere) 
• Solve the Mie scattering problem for dipole source (S) 
• Solve system 
• Calculate cross-sections 


