














Dr. Ulrich F. Keyser - ufk20 (at) cam.ac.uk

Soft Matter and Biological Physics

Question Sheet 3

Michaelmas 2010

Version: November 14, 2011

Question 9: Gel Electrophoresis
Solution:
Three hopefully correct and readable scans.
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Question 7: Polymers in Confinement
Solution:
(i) The electrostatic potential in the channel is V (x) = −Ex so we can easily write down the
energy for the molecule when entering the channel is

ΔU(x) = −ρE
∫ x

0
xdx = −1

2
ρEx2

i believe that we do not have to mention that U(x = 0) = 0 as a boundary condition. This is of
course a major simplification as there will be a finite electric field outside of the channel due to
the access resistance.

(ii) First explain the sign: the DNA has to be straight inside the channel so fewer configurations
are available so entropy is lower in this state with ΔS < 0.
Dependence on x: entropy is an extensive quantity and therefore proportional to the length L
of the strand. Since the DNA in the cavity has a fixed configuration (i.e. no entropy), we have
S = S(L)(1 − x/L so obviously ΔS ∝ −x. Well in principle this explains also the sign. I
believe it is good to split this into two discussions - but do as you see fit.
Remark: In the event that there are questions about entropy as extensive quantity for WLC
polymers ... The number of possible configurations will be

ZN = (No. of configs/link1)(No. of configs/link2)...(No. of configs/linkN) = (const)N

So we get for the entropy

S = kB ln(ZN) = NkB ln(const)⇔ S ∝ N

(iii) Now we can write down ΔG as was asked in the question as

ΔG = −1

2
ρEx2 + γTx

A sketch will look like the plot shown below. Of course the position of the barrier will depend
on all parameters as expected from the question. Calculate the stationary points of ΔG:

dΔG

dx
= −ρExc = γT = 0

xc =
γT

ρE

This is expected since at higher fields the ’barrier’/maximum gets closer and closer to the chan-
nel entrance - and smaller of course. No we can get the height:

ΔG∗ = ΔG(xc) =
γ2T 2

2ρE

(iv) As T is increased the entropic energy cost for reaching the transition state increases while
the electrostatic energy remains unchanged. In other words, the entropic chain gets stiffer with
increasing temperature resisting the pulling force.
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