
Exercise 1.1

The energy of a dipole moment ~p0 in an electric field ~E is equal to u = −~p0 · ~E. Use the
Boltzmann weight exp(−βu) to derive

〈~p〉 = p0
βp0E cosh(βp0E)− sinh(βp0E)

βp0E sinh(βp0E)

~E

E

with β ≡ 1/kBT (Choose the z-axis of the coordinate system along ~E). Subsequently
show that for small relative energies βp0E this leads to

〈~p〉 ' p2
0

3kBT
~E

Exercise 1.2

Unpolarized light passes through a sequence of two linear polarizers of which the axes make
an angle α with one another. Derive an expression for the transmitted light intensity as
a function of the angle α; this is Malus’ law.

Exercise 2.1

Consider an emulsion where equally sized droplets of the one fluid, dielectric constant
ε1, are suspended in another fluid of dielectric constant ε0. Use the Clausius-Mossotti
relation and the expression for the polarizability of the droplets to derive an expression
for the dielectric permittivity ε of a suspension with volume fraction φ; this is the Maxwell
Garnett expression for the dielectric permittivity of a discontinuous island film.

Exercise 2.2

Show that for small w the Debye function, which is form factor of the Gaussian polymer
chain, expands as

P (θ)θ→0 = 1−
q2R2

g

3
(1)

This leads to a possibility to measure the radius of gyration of a polymer by plotting P
versus q2, the socalled Guinier plot .

Exercise 3.1

Argue that a random assembly of scatterers all lying in the same plane obey the law of
reflection.

Exercise 3.2

Calculate the invariants J1, J21, and J22 for the homogenous film of dielectric permittivity
ε and thickness d.
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Exercise 3.3

In a poor man’s ellipsometer 1 one measures Rp/Rs rather than the ellipsometric ratio
rp/rs and hence one determines J 2

1 . Demonstrate that the sensitivity of the method can
be greatly improved by pre-adsorbing a layer of given ellipsometric thickness J1,0.

Exercise 4.1

Calculate from the experimental data on sheet 4-10 the first invariant J1 for the three
bead sizes. Take for n1 = 1.515 and for n2 = 1.333. Model the colloidal film as a
thin homogeneous film of thickness 2a where a is the radius of the beads. Compute the
effective dielectric permittivity of these films. Finally use the Maxwell Garnett expression
to calculate the volume fraction of the beads in each of these films. Take for the refractive
index of the bead material n3 = 1.590.

Exercise 5.1

We have found the crossing settings of two polarizers. We insert a quarter wavelength
retarder between the polarizers with the fast axis coaligned with one of the polarizers.
Demonstrate, using Jones matrix notation, that a small error in retardation causes a
change in the crossing settings of the polarizers.

Exercise 5.2

Show graphically that, if possible, the Ghezzo method of determining the polarization
state of a PSA-configuration is better than the McCrackin method.

Exercise 6.1

In sheet 6-5 there is a time series of reflectivity curves of the glass water interface onto
which latex beads are adsorbed. How would you extract from these graphs a direct
estimate of the adsorbed density? How would you calibrate this method?

Exercise 6.2

From the graph in sheet 6-13 calculate the adsorbed amount Γ for d1 = 32nm and d2 =
10nm. Estimate from this number the volume fraction.

Exercise 7.1

In sheet 7-22 it is argued that the sticking probability of spheres to a patched surface
varies linear with radius. Show, by means of a geometrical picture, how this can be true.

1see J.C. Dijt, M.A. Cohen Stuart, J.E. Hofman, and G.J. Fleer, Colloids and Surfaces 51 (1990) 141
- 158.
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Exercise 7.2

Estimate the ratio of the size of PEI coils versus that of dendrimers from the graphs in
sheets 7-23 and 7-24.

Exercise 8.1

Use the graph in sheet 8-9 to calculate the adsorption rate of latex beads. For the salt
used, dn/dc = 9.3 10−3M−1.

Exercise 8.2

Formally calculate the angle that the refracted light makes in the gold plate in sheet 8-8.
The refractive index of the glass is 1.515. What does it physically mean?
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