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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

Ho

€0
1/47T€0

9

Volume of one mole of an ideal gas at STP

One standard atmosphere

MATHEMATICAL CONSTANTS

e = 2718

Fo

T = 3.142
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PH4211/PH5911

1. Inthe Landau theory of phase transitions one expands an appropriate free energy
in powers of the order parameter, to a finite number of terms.

(&) What is meant by the term order parameter? [6]

(b) Why is the Landau expansion terminated, and what determines the highest
power in the expansion? [8]

(c) There are no odd-power terms in the expansion, for both the ferromagnetic
transition and the ferroelectric transition. Why is this? [6]

(d) In the ferromagnetic case the Landau expansion has terms up to fourth
power. Show, with the aid of diagrams, why such an expansion describes a
second-order transition. [6]

(e) In the ferroelectric case the Landau expansion has terms up to sixth power.
Show, with the aid of diagrams, why such an expansion can describe a first-
order transition. [6]

() The ferroelectric transition can also become second-order. Discuss what
requirements this puts on the sign of the terms in the Landau expansion. [8]

2. (a) By considering an isolated system containing a constraint, such as a dividing
partition, explain using probabilistic arguments why the equilibrium state,
upon removal of the constraint, corresponds to that of maximum entropy. [12]

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

[16]
(c) Since the equilibrium state has maximum entropy, this has implications for
the second derivative of the entropy with respect to energy. Discuss the
consequence of this for the heat capacity of the composite system. [12]
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3. The free energy of mixing of a binary alloy may be written as
Fn =2NkT,z(1 —z) + NkT [zInz + (1 — z)In(1 — 2)].

(a) Explain the meaning of the various terms and the structure of this equation. [6]

(b) Sketch the typical variation of F}, as a function of = at low and high temper-
atures. [6]

(c) How does one determine the equilibrium state of this system? Indicate this
on the sketch from Part (b). [6]

(d) Show that the phase separation, or binodal, curve is given by

2(1 — 2x)

T =)

Sketch and label this curve. Identify the critical point. [6]

(e) By reference to the phase separation curve explain what happens as the
system is cooled through the phase separation transition. [6]

() The point on the phase separation curve at 7' = T is known as the critical
point. Why is it called this? [4]

(g) How would one determine the order parameter critical exponent 5 from the
phase separation curve? What value is predicted by the expression in (d),
and what value is found experimentally? Discuss the difference. [6]

4. Write an essay on the Brownian Motion. You should include a discussion of the
observations of Robert Brown, and his inferences. You should go on to discuss
Einstein’s understanding of Brownian motion and his conclusions about the mi-
croscopic nature of matter. [40]
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5. The partition function Z for a gas of N interacting atoms is given by

1 _(Zi%+zi<jU(Qi’qj))/kT 3N 13N

where the symbols have their usual meaning.

(@)

(b)

()

(d)

Show that Z may be expressed as
1
Z=Zayy [ € Pis Ul KT g3y (Eq. 5.1)

where 7,4 is the partition function for an ideal (non-interacting) gas.

Be sure to explain the appearance of the V¥ factor.
The interaction potential for a pair of hard spheres with centres a distance r
apart is given by
Ur)=00 r<o
=0 r>o0o

where ¢ is the hard core diameter.

Sketch and label this interaction potential and relate o to the radius of an
atom in the gas.

The partition function for a gas of hard spheres might be approximated by

~ N\ N
s (VY

Give a justification for this from the structure of Eq. 5.1.

The above approximation for the partition function leads to the equation of
state
p(V — Nb) = NEKT.

Express this equation in terms of the virial expansion

% = g + By(T) <g)2+Bg(T) (g)3+ .

Hence find expressions for B, and Bs; and write down the general B,,.

Question continued on next page
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(e) The virial coefficients for the hard sphere gas are independent of tempera-
ture. Why is this?

() Exact calculations of the first few virial coefficients for the hard sphere gas
give:
By=b, Bs3=232V", B;=0.29"

where b = 2ra3 /3.

What do you conclude, by comparing these values with those you obtained
in part (d) above?

You may find this expansion useful in part (d)

1

=1l4+z+22+23+....
1—=x

END
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