Computational light scattering, fall 2022 (PAP315, 5 cr), Exercise 2

The answers are due on September 21, 2022. Please return them to Anne Virkki via
e-mail (anne.virkki@helsinki.fi).

1. Consider two small non-interacting spherical particles of radius a << A, where X is the wavelength of
the incident plane wave (size parameter x = 27a/\). One particle is set to the origin and the location
of the other particle is denoted by a vector d. Study the interference in first-order scattering when the
internal fields are assumed to coincide with the incident field at the particle locations.

(6 points)

2-3. A plane wave is scattered by two small interacting spherical particles of radius a << A, where A is
the wavelength of the incident plane wave (size parameter x = 2wa/)). One particle is set to the origin
and the location of the other particle is denoted by a vector d. In the dipole approximation, the internal
fields of the particles E; and E5 are related through

Ei = Ei+8T(u,v)- Es
E; = E;+T(u,v) Eq,

where E;; and E; are the incident fields at the locations of the particles, and the polarizability (m is
the refractive index)
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The transformation T denotes the interaction between the particles:
T(u,v) = ul+vdd/d?
u = eP(p’+ip-1)/p*
e(—p* —i3p+3)/p%, p=kd.
Solve the electric fields E; and Ey. (See Muinonen 1990, PhD thesis.)

Note the following rules for an operator ab:

(ab)-c=a(b-c)

c-(ab)=(c-a)b

The unit operator I has no effect on the operator ab or the vector c.

(12 points)

4. Calculate the form factor of the Rayleigh-Gans approximation for a cubic particle.

(6 points)



