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Answer ALL parts of Section A and any THREE questions from Section B.
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Clearly show ALL working
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printed on the subsequent pages until
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1A =10""m = 10 nm

Avogadro’s number, Ny = 6.0225 X 10%% mol~*
Boltzmann constant, kg = 1.381 x 10723 JK~1
Permittivity of vacuum, g, = 8.8542 x 10~ Fm™!
Dirac’s constant, i = 1.054 X 1073* kgm?s~1

Electron charge, e = —1.602 x 10719 ¢

i (_1):1;1 y 1
In(t+x) = Z " x": et = cosx + isinx; sin®x = 3 (1—cos2x)
n=1

Lennard-Jones potential

12 6
U,....(R) = 2Ne Z (—”—) - Z (mii--)
total j Pin j pin

Z pg}lz Z paé
f

bce 9.11418 12.2533

fec 12,13188 14.45392

Moseley's law

Vv=a(Z -1)
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SECTION A

1. (a) Comment on the validity of the assertion that X-ray production is the
inverse of the photoelectric effect.

[2]

(b} When illuminated by X-rays, explain why the X-ray diffraction spectra for
ordinary glass (composition Si0,} exhibit one or two diffuse rings on the
recording film whilst glass in the form of quartz (composition Si0,)
exhibits a large number of rings.

[3]

(c) The X-ray spectrum of a cobalt target (Z — 27) contains a strong K, line
of wavelength 0.1785 nm and weak K|, lines having wavelengths of
0.2285 nm and 0.1537 nm due to impurities, Use Moseley’s law to
identify the impurities. The constant for K-series may be taken as unity.

[10]

(d) Tungsten is a metal with the body centred cubic (bec) structure. Its

density is 19.25 gem ™ and its atomic weight is 183.84gmol™t,

(i)  Find the nearest neighbour and second nearest neighbour distances
in tungsten.

[6]
(ii) How many nearest neighbours does an atom in this structure have?
[4]
(e) The density of gold in the face centred cubic (fcc) structure is
1.93 X 10% kg m~? and its atomic weight is 197 gmol™".
(i) Find the separation between the close packed planes.
[4]

(i)  Assuming that the atoms are spheres which just touch one another,
estimate the atomic radius.

[4]
(f) Show that the Madelung constant for a linear ionic solid having 2N ions of
alternate charges +q is 2inZ.
[5]
(g) What was the physical significance of the von Laue photograph?
(2]
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SECTION B

2. Consider the normal modes of a linear chain in which the force constants
between nearest-neighbour atoms are alternately K and G. For equal masses
and nearest-neighbour separation a/2, the lattice dynamics of the chain is
given by

[sz(k) -K-G K+ Ge e } [61] [O]

K+ Getike Mw?(k) — K - Glie]l |0

(a) Show that the dispersion relations are given by

Maw? (k) = (K +G + K7 1 62 + 2KGeos(ka) )

[5]
(b) Find w, (k) atk = 0 and k = m/a for the case K = 106. Sketch the
dispersion relation.
[5]
(b) Discuss the dispersion relation and the Brillouin zone the limit ¢ - K.
[5]
{c) Describe what happens when you take the limit X — o,
(5]
3. (a) Distinguish between the linear absorption coefficient (1) and the mass
absorption coefficient (4,,) of a material. Describe the way in which p,,
varies with the wavelength of the incident X-rays.
[6]

(b) The K-absorption edge of molybdenum (Mo} is at 0.6198 A.

(i)  Find the energy (in keV) required to remove a K electron from a Mo

atom.
[2]
(ii) What is the corresponding potential difference that must be applied
across an X-ray tube to excite K spectra of Mo?
[2]
(iii) If the L absorptiom edge of for Mo is at 4.912 A estimate the
wavelength of the K, line,
[4]
(c) Find the CrK,, linear absorption coefficient for chromite (FeCr,04)
with a density of 5.05 gcm ™3, using the physical data provided below:
Element Atomic weight (g) i, (em?g™1)
Fe 55.85 115
cr 52.00 89.9
0 : 16.00 40.1
[4]
(d) What thickness of chromite powder {packing fraction 0.54) would be
required if only 1 % of an incident beam of €rK, X-rays is to be
transmitted? [2]
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4. (a) Find the atomic packing fraction for a simple cubic (sc) structure,

[4]
(b) Sketch part of a simple cubic (s¢) structure and indicate on it the (110)
and (111) planes.
(2]
(¢) For such a lattice of spherical atoms, of radius 0.16 nm, find the areal
density {(atoms/m?) on each of the planes in part (b).
[8]

(d) A second type of spherical atom just fits into the centre of each cubic cell.
Find its radius and the atomic packing fraction of the modified structure.

[6]

5. (a) Discuss models for the different types of bonds that form stable molecules.

8]
(b) A particle of mass m moves in one-dimensional motion through a field for
which the potential energy of the particle-field system is
A B
U(x)=———
) =—5-7
where A and B are constants.

(i) Find the equilibrium position x, of the particle in terms of A and 5.

[4]
3]

(iii) In moving along the x-axis, what maximum force toward the negative x
direction does the particle experience?
[5]

(ii) Determine the depth U of this potential well.
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6. The amplitude diffraction beam associated with a reciprocal lattice vector
G = hb, + kb, + b is given by the expression F; = NS; where N is the
.number of primitive unit cells in the crystal, and the structure factor S is
given by

Se(h k1) = ijexp[wbri(hxj + ky; + lzj)]
f

The sum is over all basis atoms at

ﬁ: = Xjﬁl + y}'az + Zjdg
and fj is the atomic form factor. In this problem you may assume f; = f isa
constant.

(a} Using the conventional cubic cell as the unit cell for the face centred
cubic {fcc) lattice, write down the positions 1; = (xj, Vi zj) of the basis
atoms. Show that the amplitude of a diffraction beam will be zero unless
(hkl) are either all odd or all even.

[10]

(b) What is the relative spacing of the (110) planes in the fcc lattice
compared to a simple cubic (sc) lattice with the same cubic unit cell
size? Use this to explain why the (110) diffraction beam of the sc lattice

(n = 1) has an amplitude of zero for the fcc lattice.
[10]

END OF PAPER
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