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GENERAL PHYSICAL CONSTANTS

Permeability of vacuum

Permittivity of vacuum

Speed of light in vacuum
Elementary charge

Electron (rest) mass

Unified atomic mass constant
Proton rest mass

Neutron rest mass

Ratio of electronic charge to mass

Planck constant

Boltzmann constant
Stefan-Boltzmann constant
Gas constant

Avogadro constant
Gravitational constant

Acceleration due to gravity

Volume of one mole of an ideal gas at STP

One standard atmosphere

MATHEMATICAL CONSTANTS
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The partition function for a single particle of mass m at temperature 7, in
a box of volume V is given by

where the thermal de Broglie wavelength A is

Ao 27’ '
mkT
(a) Why is A known as the thermal de Broglie wavelength? [2]

(b) Explain why the partition function Z of a gas of N identical particles may
be written in terms of the partition function z of a single particle as

Z = LZN .

N!

In particular, discuss the origin of the N! term and the validity of this
expression. [5]

(c) Write down the Helmholtz free energy in terms of the partition function
and hence show that the free energy of the gas is given by

F =—-NkT ln(Ve/NA3 ) [5]

(d) What would the expression for the free energy be if the N! term in the
partition function were ignored? Why would such an expression be
physically unacceptable? (Hint: Think how F would change if both N and
V were doubled.) [4]

(e) Evaluate A for helium (*He) gas at a pressure of 1 bar for temperatures of
3 K and 300 K and compare it with the mean distance between atoms.
What physical meaning do you attach to these results? [4]

The mass of a *He atom is 6.64x10*" kg.
Stirling’s approximation: InN! = NInN — N.

Write an essay on “The Arrow of Time”. You should include a
description of the problem in terms of phase space and you should
include a discussion of Liouville’s theorem and Boltzmann’s H theorem. [20]
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(a) The van der Waals equation of state for a fluid system is given by

2

2
[p+“;v ](V—Nb)=NkT.

Explain the form of this equation; in particular discuss the significance of
the constants @ and b, and how they account for the interactions between
the particles. [3]

(b) Sketch a van der Waals p -V isotherm corresponding to liquid-gas
coexistence. Indicate the stable, metastable and unstable regions of the
curve. Sketch, also, an isotherm that indicates the critical point. [3]

(c)  Show that the temperature and volume at the critical point are given by

KT =9y 3w,
27b [4]

(d) Corrections to the ideal gas behaviour at low densities are conventionally
written in terms of the virial expansion

£=E+32(T)(%j2 ., (T)[%j b

KTV

Show that, for the van der Waals gas the second virial coefficient is given

by B,(T)=b—a/kT . [3]
(e) Experimental measurements of the second virial coefficient of Nitrogen
yield
B,(T)=-2.83x10"m’ at T =300K
B,(T)=-5.03x10""m* at T =400K.
Calculate the critical temperature that is predicted from these values. [3]

(f) The experimental value for the critical temperature of Nitrogen is found to
be 126 K. Compare this with the value inferred from the second virial
coefficient measurements and account for any discrepancy. [2]

(g) At 77K liquid Nitrogen normally boils at a pressure of one atmosphere.
However it is possible, with care, to decrease the pressure below one
atmosphere without boiling the liquid. With reference to the p—V
diagram describe this process and explain, in outline, how one may
determine the minimum pressure at which this superheated liquid can
exist (you are not required to calculate this). [2]

TURN OVER



—page 3 — PH4211A

PART
MARKS
Write short notes on two of the following:
(a) Brownian motion; [10]
(b) universality and the classification of phase transitions; [10]
(c) the Ising model and its ubiquity. [10]

(a) What is meant by the term order parameter in the context of phase
transitions? [3]

(b) Describe the behaviour of the order parameter in a first order transition
and in a second order transition. [3]

(c) Inthe Landau treatment of phase transitions the appropriate free energy is
expanded in powers of the order parameter. Discuss what considerations
lead to the absence of terms from the expansion and what determines the
order at which the expansion will be terminated. [3]

(d) Sketch the form of the free energy as a function of order parameter for a
system exhibiting a second order transition, for temperatures above, equal

to and below the critical temperature. [3]

(¢) Show that, within the framework of the Landau model, the critical
exponent, /3, associated with the order parameter has the value '/,. [6]

(f) How does this compare with real systems? [2]
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