7. Statistical Mechanies and Thermodynamics (Fall 2002)

A chain consists of N links that can freely rotate in two dimensions. The
links are joined end-to-end, as shown below.
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The chain is subjected to a tension, F, in the x-direction, as indicated. The

tension is applied at the end of the chain, so that the total energy of the chain
is given by
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where 8; is the angle that the i*® link makes with the x-axis, and [ is the length
of each link in the chain.
{a) Calculate the partition function of this chain.

(b} From the partition funection, find the relationship between the extension
of the chain in the x-direction and the tension, F, assuming that the
temperature is T

{c) When the tension, F, is small, the extension-versus-tension expression
implies a spring constant for the freely jointed chain. What is this effective
spring constant?

If the integrals do not evaluate to elementary functions in parts a and b, it
is not necessary to attempt to reduce them. Leave them as integrals. However,
in part ¢, it is necessary to come up with something explicit.
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