Lecture/Lab 5:
Interaction of light with
particles. Mie's solution.



Scattering of light by spherical particles (Mie scattering).
The problem (Bohren and Huffman, 1983):

Given a particle of a specified size, shape and optical properties that is
illuminated by an arbitrarily polarized monochromatic wave, determine the
electromagnetic field at all points in the particles and at all points of the
homogeneous medium in which it is embedded.
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We will assume that the wave is plane harmonic wave and a spherical particles.



Define four fields: (El’ Hl)’ (EZ’ |:|2), (Ei, Hi )’ (Es’ H—s)
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Outside the particle: E2 = Ei A Es’ H2 == Hi Al HS



Plane parallel harmonic wave:

E, = E, expli(k - x—at )
H =H exp( (k X — a)t))

Must satisfy Maxwell's equation where material properties are constant:

V-E=0
V-H=0
VxE =iouH
VxH =—iwE

¢ is the permittivity u is the premeability.



define:

k* = guw’
The vector equation reduce to:
VZE+k°E =0
V?H +k*H =0

Boundary conditions: the tangential components of the electric and magnetic
fields must me continuous across the boundary of the particle (analogous to
energy conservation):
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EZ—EJxﬁ:O
:HZ—HJxﬁ:O

The equations and BCs are linear > superposition of solutions is a solution.



An arbitrarily polarized light can be expressed as a supperposition of two

orthogonal polarization states:

Amplitude scattering matrix

E —ikr  (S,(0,0) S,(0,0))\E,.

r,S

For spheres:

( E j : exp(i_ ki(krr— Z))(Sz ée) Sl(ég)j( E]

o exp(ik(r—z))S (O,
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= —ikr

E




Taking the real part of the squares of the electric fields we get the radiant
intensity [W Sr-1]:

:> r,s k2r2 r,l
l,s kzrz I,

For unpolarized light:

, 10 +Is.(0F )




Polarization:
Describe the plane of propagation and phase of the EM radiation.

Assume a wave propagating in the z-direction, and the observer is at z=0.
General Case (A, ¢):

E'{r',t)(zzu =E,[x cos(wt)+y Acos(at+¢)]

Shape and Orientation of the Ellipse:

tan(2y ) = cOS
v ,- @y)=— 7 cos(¥)

a’ +b? =1+ A?
ab = A sin(¢)

A( b
If zztanTﬂ then,

sin(2 y) = sin(¢g)

1+ A2

http://instructl.cit.cornell.edu/Courses/ece303/lecturel5.pdf



Stokes no’ra‘rlon and the scattering matrix:
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No polarizers

Horizontal - vertical polorizers

45° - (-45°) polorizers

Right handed - left handed
circular polorizers




For a sphere:

/Is\ /811 812 0 0 \(Ii\
Qs 1 S12 S11 0 0 Qi
4 R e s s
\Vs y, \ 0 0 _834 833/\Vi y,
Z)) 82(9)

Link o amplitude scattering matrix: (EI,SJ exp(ik(r -

—ikr
Sy = ﬂsl ; 2 2}’ {I

}

S, = 15.5,+5.S,} S, =15.85,-5.S,]

811=5,,+55+8y, P= _i—
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Solution method:
Expand incident and scattered fields in spherical harmonic functions for

each polarization. Match solutions on boundary of particle and require them
to be finite at large distances.

Input to Mie code:

Wavelength in medium ().
Size (diameter, D) in the same units as wavelength.

Index of refraction relative to medium (n + in’).

Solution depends on:

Size parameter: nD/A

Index of refraction relative to medium



Output to Mie code:

Efficiency factors:
Q,, Q. (also called Q.,,)

Scattering matrix elements:
S,and S,

From which we can calculate:
Qb:Qc-Qa
B oc $11=(S174[S,[?

Other polarization scattering matrix elements:
S1p %€ [S1]*[S,f?
P=-S15/S11
Sa=Real(S, x S;*)/S,,
Sg,=Imag(S, x S;*)/Sy,



Populations of particles:

Monodispersion- example, obtaining the scattering

coefficient:
b=NQ,G, G=nD?/4. Watch for units!

Polydispersion: discrete bins:
b=2N;Q;,G;

When using continuous size distribtion:

N(D,AD)= D+Af);‘z(D)dD

D-AD/2

72_ Dmax

b=—[Q,(D)D*f(D)dD
4 7
Similar manipulations are done to obtain the absorption and attenuation
coefficients, as well as the population’s volume scattering function.



Resources (among many others...):

Barber and Hill, 1990.

Bohren and Huffman, 1983.

Kerker, 1969.

Van de Hulst, 1981 (original edition, 1957).

Codes (among many others):
http://www.iwt-bremen.de/vt/laser/wriedt/index_ns.html



