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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 anideal gasat STP

One standard atmosphere

MATHEMATICAL CONSTANTS
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(@ By considering an isolated system containing a constraint, such asa [6]
dividing partition, explain clearly why the equilibrium state, upon
removal of the constraint, corresponds to that of maximum entropy.

(b) Two systems are brought into contact so that they may exchange thermal [8]
energy, mechanical energy and particles. By using the appropriate
definitions, show that the equilibrium state corresponds to that in which
the temperatures, pressures and chemical potentials of the two systems are
equalised.

() Sincethe equilibrium state has maximum entropy, discuss the implications  [6]
of the behaviour of the second derivative of the entropy with respect to
energy of the composite system in terms of the heat capacity.

When the mean field theory of phase transitionsis applied to the
ferromagnetic transition in the absence of amagnetic field, the free
energy in the vicinity of the transition is given approximately by

F =Koy + Mo e
2 12

(8 Explain the structure of this expression and indicate what the various [4]
guantities are.
(b) By sketching the form of this expression, explain how the transition [4]

occurs as the temperature is lowered through T, and discuss the
magnitude of the fluctuations in the vicinity of T..

© us ng the above expression show that in the vicinity of the transition [3]

m=+ f@ for T<T,

=0 for T>T,.

Sketch this behaviour.
(d) What isthe order of thistransition? Explain your reasoning. [3]

(e) Show that below the transition there is a contribution to the entropy given  [4]
by
KT T,
2 T

and that thisleads to ajump in the thermal capacity on cooling through
the transition of

AC=3NKk.
2
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(@ Outline the arguments by which the Ising hamiltonian

#=-3 ) SS
neighbours
1]

is approximated, in mean field theory, by alocal magnetic field
b=AM,2z

Where Z isthe unit vector in the z direction, A isaconstant and M, is the [4]
component of magnetisation in the z direction.

(b) The magnetisation of a non-interacting assembly of N spin %2 magnetic
moments, u, is given by

M =M, tanh| Mo B
N KT

where the saturation magnetisation is M, = Nu and the directions of M
and the applied magnetic field B are parald.

Show that when the Ising interaction mean field is incorporated, there can
be a spontaneous magnetisation given by

M, My T

where T, = AM2 /Nk . What is the interpretation of T¢? Sketch the [4]

behaviour of the M; as afunction of temperature and discuss the order of
the transition.

(c) Now consider the trangition in the presence of atransverse magnetic field  [2]
B = B X . Write down the magnitude and the direction of the total

magnetic field.
(d) Hence show that the magnetisation in the z direction is given, within this
model, by
M, (1 B V(ML [ B “
M = 1+ /IZMZ tanh M—? 1+ )VZMZ .
0 z 0 z

Hint: consider the magnetisation in the direction of the total field.

(e) By rearranging this expression and considering the case where M, — 0, [3]
obtain an expression for the locus of spontaneous M; in the T-B, plane
and sketch this.

(f) Discussthe behaviour of M at T =0 as By isvaried. Why isthisreferred [3]
to as a quantum phase transition?
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Write short notes on three of the following:
(@ conserved and non-conserved order parameters; [6%4]
(b) thecluster expansion treatment of non-ideal gases; [6%4]
(c) scaling theory and critical exponents; [6%4]
(d) theabsence of long-range order in one dimensional systems; [6%3]
(e) Thelsing model. [6%4]

(8 Thevelocity v(t) of aBrownian particleis arandomly varying function ~ [4]

of time. Define G, (), the auto-correlation function for the velocity and
explain its physical significance.

(b) Show that the mean square displacement of the particleis given by

(¥ (1) =2f (t-7)G, (¢)dr. (4]

0

(©)  What is meant by the correlation time of G, (t)? Discuss the limiting [4]

behaviour of the mean square displacement for times shorter than, and
longer than the correlation time. In particular, show that in the long time
[imit the mean square displacement is proportional to time whereasin the
short time limit the mean square displacement is proportional to time
sguared.

(d) Giveaphysical explanation of the behaviour of the particle in the short [3]
and long time limits.

(e) Using the above results, show that the diffusion coefficient of the [3]
Brownian particle may be expressed in terms of the areaunder G, (7).

(f)  Why isthisresult called afluctuation-dissipation theorem? [2]
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