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INSTRUCTIONS: Answer question one and any other two questions  
      
   
QUESTION ONE (30MARKS) 

(a) Define the following terms        (3 Marks) 
i) Elastic deformation 
ii)  Plastic deformation 
iii)  Anelastic deformation 

(b)  State any two disadvantages of center point loading.     (2 Marks) 
(c) Explain any two ways of strengthening materials.     (4 Marks) 
(d) The mechanical properties of a material are based on its Ductility, Hardness, toughness, 

Fatigue and Creep, Properties. Briefly describe what each of the properties entail. (5 Marks)  
(e) (i) What is diffusion?         (1 Mark) 

     (ii) Nickel at the center of F.C.C iron has a diffusivity constant 123
0 109 −−= SMXD γ  and the 

activation energy per atom for the process is ./1013 20 atomJx − Calculate the diffusivity of 
Nickel in iron at 5000C.         (4 Marks) 

(f) (i) What are polymer composites?       (2 Marks) 
     (ii) Outline the rationale of using polymer composites in the manufacture of materials  
            (3 Marks) 
(g) Explain why maximum stress is not appropriate as  a measure of strength of a material.  
            (2 Marks) 
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(h) Briefly describe the following physical techniques of studying materials.  (4 Marks) 
i) X ray diffraction  
ii)  Scanning Electron Microscopy 

QUESTION TWO (20MARKS) 

(a) Explain any 3 mechanisms of diffusion.       (6 Marks) 
(b) Consider a rectangular slab of a solution of thickness y units. The concentrations of the 

solute all over its opposite faces are C1 and C2 respectively. ( )21 CC > . The amount of 

solute passing any cross-section in a given  time is proportional to the concentration gradient 

dx
dc . Show that for such a system, Ficks second law holds. D  is the diffusivity of the 

solute.           (7 Marks) 
(c) The diffusivity of Alluminium is copper is 2.6 x10-17ms2.1at 5000C and 1.6x10-12m2 s-1 at 

10000C.  

i) Determine the value of the proportionality constant D 0  and activation energy E for 

this couple         s(4 Marks) 
ii)  What is the diffusivity of aluminum at 7500C?     (3 Marks) 

 QUESTION THREE (20 MARKS)  

(a) A steel block has a length ‘b’ breadth ‘c’ and height ‘a’ units. A tensile stress is applied to 

the face of dimensions ‘a’ by ‘c’. The block attains a new length ‘b( )xε+1 ’, new breadth cc

c ( )yε−1 ’ and new height ‘ ( ),1 ya ε−  where xε and yε are the longitudinal extension strain 

due to extensional forces and internal shrinkage due to extensional forces respectively.  

Show that the poisons ratio ’v’ for this material is 
2

1==
x

yV
ε
ε

    (6 Marks) 

(b) A piece of polyethylene his dimensions of 2cm by 1cm by 5mm. This material is pulled 
until its length increases by 1mm. If its poisons ratio is 0.23, Calculate 

i) Internal shrinkage due to extensional forces     (3 Marks) 
ii)  Change in breadth of the material      (3 Marks) 

(c)  Use appropriate illustrations to show.       (6 Marks) 
i) Tensile stress 
ii)  Shear stress 
iii)  Compressive stress 

(d)  Why are brittle materials weak in tension? Explain your answer.   (2 Marks) 
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QUESTION FOUR (20 MARKS) 

(a) Briefly explain the following terms as used in tensile testing    (8 Marks) 
i) Elastic limit 
ii)  Yield point 
iii)  Breaking point  
iv) Work hardening 

(b)  A tensile stress is carried out on a piece of alluminium bar using the twining screw method 
(Hard loading). Draw a well labeled sketch of the expected results. Explain the different 
stages of the sketch.         (7 Marks) 

(c) (i)  Illustrate Vickers Hardness number (VHN) as a method of testing the hardness of     
            materials.          (2 Marks) 
     (ii) In a particular material, A force of 50N was applied on a specimen of hardboard. The 

diameter of indentation embossed on the material was 0.13cm. Calculate the VHN for this 
material.  (3 Marks) 

 
 


