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Question1 

1.1. What are the steps to find the miller indices of both planes and directions?

                                                                                                              (8) 

1.2. Name the four components that are involved in the design, production and 

utilization of materials. (4) 

1.3. The d and f subshells has how many orbitals and the maximum of how many 

electrons?  (6) 

 [18] 

 

Question 2 

2.1 Calculate the atomic packing factor of the FCC and the BCC structure.          (10) 

2.2 What type of bonding does potassium chloride (KCl) have? Fully explain your 

reasoning by referring to the electronic structure and electronic properties of each 

element.                     (10) 

  

        [20] 

 

Question 3 

3.1 Sketch the following directions and planes in a cubic unit cell (Use separate 

cubic cell to draw each plane and directions) 

 (110), (111) and (100) (9) 

 [012],  [101] and [111] (9)

  

                         [18] 

___________________________________________________________________ 

Question 4 

4.1 Calculate the Density of iron if the crystal structure is the face centred cubic 

as shown in figure 1 below and the crystal’s lattice parameter is 3.24 Å 

(Angstroms). Refer to the data sheet for other information.                           (5) 

4.2  Write the electron configurations and the valence electrons of tin.        (5)                                         

 



 

Figure 1: The schematic diagram of the iron crystal unit cell (this represents a 

single unit cell) 

4.3 Classify each of the following materials whether it is a ceramic, metal, polymer or 

composite.                                                                                            (5) 

a) Wood 

b) Iron 

c) Car Tire                                                                                              

d) Clay pottery 

e) Reinforced concrete 

                                                                                                                                 [15] 

___________________________________________________________________ 

Question 5 

5.1 Determine the coordinates for each point on the sketch below from A to L  (11) 

while J is the origin with the miller indices of FJ, KB and AH.  (6) 

 

                                                                                                                  [17] 



Question 6 

6.1 Give five types of point defects in atomic and ionic arrangement in a crystal 

structure?                    (5) 

 6.2 Explain the most important three-phase reactions in the iron-iron carbide    

    phase diagrams using equations / chemical reactions.              (10)

            

                                                                                                             [15] 

__________________________________________________________________ 
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