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• 
To look at past examination questions.



The examination paper will last for 1 hr 30 mins


There will be a choice of 3 from 5 questions


Each question has 20 marks



There will be one question from each section of the course
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Question 1, example I.

Describe the characteristic properties of a material in which ionic 
bonding  occurs.   Explain  the  observation  that  ionic  compounds 
consisting of ions of approximately equal size crystallize in one of 
the close-packed structures. 
    [3,3]

Layers  of  identical  atoms,  treated  as  hard  spheres,  can  pack 
together  to  form  two  distinct  structures,  one  of  which  is  the 
hexagonal close-packed structure.   Name the other structure and 
explain how the two structures come about. [2,4]

Define what is meant by atomic coordination number and atomic 
packing fraction. 
      [2]

What  is  the  coordination  number  of  the  two  close-packed 
structures?    [1]

Calculate  the  packing  fraction  of  the  hexagonal  close-packed 
structure. [5]
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Question 1, example II.

(i) Describe the nature and properties of metallic and covalent 
bonds.  In each case, discuss the mechanical properties of solids 
characterised by such bonds, and give one example of a solid that 
exhibits the bond.  [5,5] 

(ii) The crystal structure of diamond consists of a lattice and a basis 
of two atoms. 
(a) Name and sketch the lattice.    [3] 
(b) Specify the basis.      [2] 
(c) What is the atomic coordination number?   [1] 
(d) Calculate the atomic packing fraction.   [4]
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Question 3 example I

Write down expressions for the primitive reciprocal-lattice vectors 
in terms of primitive real-space-lattice vectors. 
 
[3]

Write down a set of primitive real-space-lattice vectors for the face-
centred cubic lattice with conventional cube side of length a. [3]

Hence obtain expressions for the primitive reciprocal-lattice vectors.  
Identify the type of the reciprocal lattice. 
 
[3,1]


Solid  molybdenum  has  the  body-centred  cubic  structure.  
Molybdenum  powder  is  irradiated  with  X-rays  of  wavelength 
0.154 nm, and the smallest angle with respect to the incoming X-
rays at  which a diffracted beam is  observed is  40.4˚.   Find the 
length of the side of the conventional cubic unit cell. 
[6]

At what other angles, up to 90˚, are diffracted beams observed? [4]
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Question 3 example II.

(i) The crystal structure of rock salt (NaCl) consists of a lattice which is cubic-F (face-
centred cubic) with a basis of Na(0,0,0) and Cl              .

(a) Make a sketch of a portion (one conventional cube) of the underlying lattice.  Mark on 
the sketch the positions of all the 27 atoms within and on the cube, and identify one set of 
basis atoms. 
 
 
 
 
 
 
   [2,1,1]

(b)Write down the fractional coordinates of the atoms which would be used as the basis 
when the rock salt structure is viewed as a cubic-P (simple cubic) lattice with a basis. [4]

(ii) The structure factor S(hkl) for the (h k l) diffracted beam from a crystalline solid can be 
written as 


Define the terms in this equation. 
 
 
 
          
        [4]

Obtain expressions for the structure factors relating to the (hkl) reflection for:

(a) the face-centred cubic structure viewed as a simple cubic lattice with a suitable basis; 


 
 
 
 
 
 
 
 
         
[2]

(b)  the  rock  salt  structure  viewed  as  a  cubic-F  lattice  with  the  basis  defined  at  the 
beginning of the question. 
 
 
 
 
 
         [2]

Hence show that the allowed reflections of the rock salt structure satisfy the condition that 
h, k, l are all even or all odd, and comment on the observation that the reflections for which 
h, k, l are all odd are weak. 
 
 
 
 
   [4]
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Question 4, example I.

(i)  Discuss what is  meant by the term first Brillouin zone.   Include in your 
discussion a definition and description of its physical significance. 
[5]

(ii) The dispersion relation for longitudinal vibrations of a long diatomic chain of 
atoms,  alternately with masses  M1  and M2  and with adjacent  atoms a mean 
distance a/2 apart, is


(a) What do ω and k represent? 
 
 
 
 
[2]

(b) What is the significance of C? 
 
 
 
 
[1]

(c)  Sketch the dispersion curves for  a  range of  k  encompassing the first  two 
Brillouin zones. 
 
 
 
 
 
 
[4]

(d) By considering the equations of motion of the atoms in the chain, obtain 
expressions for the ratios of the amplitudes of motion of each type of atom for 
vibrations at the Brillouin-zone centre. 
 
[6]

(e) Discuss how the dispersion curve will change as                  . 
[2]
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