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Problem 1: Probability

Consider a random walk for which the probability of taking a step of length = + dx is
given by P(x) = da.
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2.) Given that Yy is the average distance traveled after N steps, find the probability
density of Yy in the limit of large N. (10 pts.)
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Problem 2: Entropy and Complexity

A one-dimensional system consists of L lattice sites. There are N, up-spin electrons,
and N, down-spin electrons. When an up-spin electron and a down-spin electron
occupy the same site the energy cost is U. Calculate the energy, entropy, temperature,
and chemical potential, and heat capacity of this system. (5 pts. each)
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Problem 3: Thermodynamics

‘Consider a heat engine based on a two-step cycle. Step one is adiabatic compression
from V; to V4, with V; < V4. Step two is expansion along a straight line along the P — v
plane.

1.) When integrated along the straight line segment, the heat supplied must,
since energy is conserved during the cycle, equal the net work done during

the cycle. Why does this not give rise to an efficiency of 5 = —AA%’ and

violate the second law of thermodynamics? (10 pts.)

2.) Calculate the efficiency  if the working substance is an ideal monatomic
gas, and if V5 = 213, (10 pts.)
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Problem 4: Phase transitions

1.) For a binary mixture of particles of type 1 and type 2 the Gibbs free energy is
G = nyp + naps. The combined first and second laws are
dG = -SdT +VdP + p1dng + podns.

1. Show that sdT — vdP + > i=1.0%idu; = 0. (5 pts.)
2. Show that zz‘:l,z zi(dp; + s;dT — v;dP) = 0. (5 pts.)
2.) The Berthelot equation of state is the following: (P + 7=) (v—1b) = RT. Does this
equation satisfy the law of corresponding states? (10 pts.)
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Problem 5: Phase Diagrams

1.) Based on the P — T phase diagram of a one- component system, and assuming that
for the solid-liquid coexistence curve it holds that 4 dT e 0, sketchthe P — v

phase diagram including coexistence curves. Indicate the single phase regions as
well as the coexistence regions, the critical point, and the triple point. Sketch
isotherms for all distinct regions.

pressure, Fa

temperatura, K

2.) Based on the P — T phase diagram for bosonic helium, sketch the P — v phase
diagram,including coexistence curves. Indicate the single phase regions as well as

the coexistence regions, the critical point and the A-line. Sketch isotherms for all
distinct regions.
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Worksheet 2: ,‘
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Worksheet 3:
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