FYS-7.100 Johdatus pehmeén aineen fysiikkaan / TTY
Exam 10.03.2008 (5 assignments / 2 pages)

Since there may be English speaking students in the exam, the questions below are in English—just
like in all previous exercises. Though, answers can be given in Finnish, of course.

Assignment 1. (3 p)

Define soft matter. What distinguishes soft matter from other types of condensed matter, for example
crystalline solids and standard liquids? Give three every-day examples of soft matter and explain why
your examples classify as soft matter.

Assignment 2. (9p)
Explain the following concepts, terms and phenomena. Use drawings and/or essay-like descriptions
to clarify the issue, when needed.

a) Liquid crystals. Explain the differences between an isotropic, nematic and smectic phases. How
would you characterize (measure) the transitions between them? Given a cell membrane in a
gel or fluid phase, to which liquid crystal phase would it correspond? (1 p).

b) Free energy. What is Helmholtz free energy and how that differs from the internal energy? How
about Gibbs free energy—how that differs from the above two ones. (1 p)

¢) Discuss Brownian motion. Write the Langevin equation for a Brownian particle and discuss the
physical origin and interpretation of the terms appearing in the equation. (2 p)

d) Protein folding and protein denaturation. (1 p)

e) Discuss differences between lipid, fat, soap and detergent molecules. (1 p)

f) Explain the difference between DNA and RNA. What are their roles in the flow of information
in cells. (1p)

g) Why milk is white (it has a colour) instead of being transparent (2 p).

Assignment 3. (6 p)

In the 19th century, Benjamin Franklin carried out an experiment where he was standing by the lake
with a teaspoon of oil (volume about 5 cm?). He allowed that quantity of oil to spread on water. He
found that this amount of oil covered an area of 2000 m?. Estimate the thickness of the oil layer
floating on top of water. What is your conclusion for the structure of the layer?

Second, use the above value together with the assumptions that (i) the density of oil is 1000 kg/m?*
and (i1) the mass of an individual oil molecule is 700 amu. Estimate the value of Avogadro’s number.

Assignment 4. (6 p)

Assemblies made of lipids are often predicted by the structure and form of individual lipids. The
quantity derived for this purpose is the so-called “surfactant packing parameter” N, defined in terms
of the head-group area of the lipid, the length of the lipid chain, and the volume of the lipid chain.
Show that (a) for spherical micelles Ny < 1/3, (b) for cylindrical micelles (figure below, left) 1/3 <
N, <1/2, and (c) for liposomes (figure below, right) 1/2 < N, < 1.







