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Answer EVERY question from section A and TWO questions from section B.

The numbers in square brackets in the right-hand margin indicate the provisional allocation of
maximum marks per sub-section of a question.

I

9.11 x 10~3! kg
~1.602x 102 C
8.854 x 10712 F m™!
9.273 x 1074 J T-!

Mass of the electron  m,
Charge on the electron e
Permittivity of free space ¢q
Bohr magneton ug

Il

Boltzmann’s constant kg = 1.38 x 1072 JK-!
Planck’s constant/2r 5 = 1.05x 10734 Js
SECTION A [Part marks]

1. For an ionic solid, give an equation describing the interaction between any two ions at
long range. Define any symbols you use. [3]

If the crystal structure is held fixed, but the lattice constant is increased by 1%, does the
strength of the interaction increase or decrease? By how much? [4]1

2. With the aid of a sketch, show that packing of spheres with the minimum of empty space
between them can form a crystal lattice which obeys the definition of the hexagonal
crystal system. [4]

For this “hexagonal close-packed” lattice, determine the ratio of the a and c lattice con-
stants. [3]

3. In a free electron metal, why is it not possible for all the electrons to have the same
energy? [4]
Imagine shining light on a piece of this metal. Suppose the wavelength of the light is
varied, starting from a large value and gradually becoming smaller. At a certain value
electrons begin to be emitted from the metal. Sketch the variation of the maximum
kinetic energy of emitted electrons against the wavelength of the incident light. [3]
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Figure 9 Experimental heat capacity values for potassium, plotted as C/T versus T2 (After
W. H. Lien and N. E. Phillips.)
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& 2.0 - Figure 12 Resistance of potassium below
N 20 K, as measured on two specimens by
D. MacDonald and K. Mendelssohn. The
10 é ! I L different intercepts at 0 K are attributed to
. 10 15 20 different concentrations of impurities and
Temperature, K static imperfections in the two specimens.

Table 5 Experimental Lorenz numbers

L X 10° watt-ohm/deg? L X 10° watt-ohm/deg?
Metal 0°C 100°C Metal 0°C 100°C
Ag 2.31 2.37 Pb 2.47 2.56
Au 2.35 2.40 Pt 2.51 2.60
cd 2.42 2.43 Su 2.52 2.49
Cu 2.23 2.33 W 3.04 3.20

Mo 2.61 2.79 Zn 2.31 2.33
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