FYS-7100 Johdatus pehmein aineen fysiikkaan
Exam 16.12.2011 (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.

The so-called MAOL background information and calculators are allowed in the exam.

Assignment 1. (3 p)
Define soft matter. Also discuss why entropy is often important in describing the properties of soft
matter.

Assignment 2A. (4p)
Below are false statements. Explain why they are not correct.

a) Most of the genes that code lipids are not yet known.

b) If we had a technology to generate short pieces of dsSDNA (double stranded DNA), each having
a length of 10 nm, we could use these short DNA fragments to make liquid crystals.

¢) Bacteria move like fish.

d) If two dipoles (comprised of two charges (—Q and +Q) each), are separated by a distance of r,
then the interaction V' (r) between them decays like V (r) ~ 1/r.

Assignment 2B. (5p)
Explain the following concepts, terms and phenomena. Use drawings and/or essay-like descriptions
to clarify the issue, when needed.

a) With biomolecules, one often talks about the so-called entropic force. What is it?

b) Scales in biology. Bring about what are the typical times scales associated with processes of
individual biological molecules and cells, and mention also the processes in question?

¢) Describe the hydrogen bond and discuss its relevance in biomolecular systems.

d) One of the most central bonds in biological matter is the peptide bond. What is it?

e) What does it mean that a system is out of equilibrium (under non-equilibrium conditions)?

Assignment 3. (6p)

To get some sense of crowding in cell membranes, consider the following example. Imagine you are
standing on a football field together with many other students. Each of the students is described as
a cylinder whose height is 1.7 m, and whose radius is R = 0.16 m. Therefore, the projected area of
each student to the plane of the football field is = R2.

a) Now, you are told that the area fraction of the students on the football field is 30%, and the
remaining fraction of 70% is covered by grass only. Calculate what is the average distance
between the students? (For instance, consider the length between the two students’ principal
axis that is the symmetry axis of a cylinder).

b) b) Next, imagine that each of the students/cylinders is an integral protein inside a cell mem-
brane. Then the proteins are standing upright, and the cell membrane can be (sort of) thought
of as the “football field”. Assume that all proteins are identical and have a radius of 2 nm in the
membrane plane. What is now the average distance between the proteins?

¢) ¢) Finally, consider the lipid membrane to be composed of identical lipids whose average cross-
sectional area in the membrane plane is 0.6 nm2. Again, 30% of the membrane area is covered
by membrane proteins, and 70% of the membrane area is taken by lipids. How many lipids
surround each membrane protein?
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Assignment 4. (6 p)
Interactions that are related to the so-called van der Waals interactions are often described by the

Lennard-Jones (LJ) potential
A B
V(T) = _?“_6 + ?__ﬁ"
where r is distance, and A and B are (positive) constants that depend on the atom types in question.

a) Explain the physical origin of the two terms in the above equation.

b) Calculate an expression for the force F(r) that results from V (r).

¢) Make a schematic plot of how V'(r) and F(r) vary with r.

d) What are the units (dimensions) of the parameters A and B?

e) Determine the minimum of the potential, V,,;, (). Even though you do not know the values of
A and B, discuss the expected value of Vi,;, () (for fluid or soft systems).

Assignment 5. (6p)
Answer either to part (a) or (b).
(a) Ideal gas / Ideal model. Many of the discoveries of physics have originally been based on
“ideal” models such as the ideal gas.
al) Explain the underlying assumptions of the ideal model (ideal gas).
a2) Give a couple of examples where the ideal model has been used.
a3) The heat capacity at constant temperature is defined as

ou
o= (ar),

Compute Cy, for the ideal gas.

a4) Consider a random walker moving along a line in one dimension. It performs jumps of
distance L, each jump done with equal probability {1/2) either to the left or the right. The
period between consecutive jumps is always the same, At, and ¢ is time. Even for a system
of many random walkers moving at the same time, one can consider the diffusion coeffi-
cient D of the random walkers using the ideal gas assumptions. Under these conditions,
prove that the diffusion coefficient follows the law D ~ L?/t.

(b) Discuss the following themes.

(b1) Reynolds number. Define the Reynolds number Re and tell what the two different limits
mean: Re is much smaller than one, and Re is much larger than one. If you considered the
motion of cells, what value of Re would be realistic?

(b2) Information and function. Describe how the information in DNA is translated into func-
tions (of, for example, proteins) in cells?

(b3) Energy storage. Discuss how cells store energy?

These might be useful:
sin2z = 2sinz coszx
sin3z = 3sinz — 4sin®z
cos2z =1—2sin’z

cos 3z = 4cos’z — 3cosz

Taylor expansion (14 z)'/2 ~ 1 — 1z + 222 + O(z®) for |z < 1.
Boltzmann constant 1.380662 - 10~2 J / K.
1 amu=1.66 x 10727 kg. (atomic mass unit)

Happy Christmas / Happy Holidays to everybody!



