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1.
Explain how crystal planes are designated.  What are Miller indices?  Explain them with reference to the planes of a cube.

2.
What is the relation of the packing of crystals with coordination number and what conclusion can be derived from that relation?

3.
State the factor worked out by Hume-Rothery that governs the formation of an ideal solid solution.

4.
At any instant of time, the grain growth i.e the rate of increase of the grain radius with time, dr/dt, is proportional to the grain boundary energy stored per unit volume of the material. Show that the radius of spherical grains increases as the square root of time?

5.
Define (i) Modulus of elasticity & (ii) Poisson’s ratio?  Explain what they indicate in material properties?

6.
Construct the {110} pole figure for an iron wire having the ideal fiber texture [110]. Let the wire axis be vertical in the stereographic projection. Take account of the fact that a wire-drawing die produces cylindrical symmetry.

7.
What is fracture? State the causes of fracture in a material?

8.
An alloy of 95.5% A1 and 4.5% Cu is heated at 1000 F. 

(a) It is cooled very fast.  What phases are present?  Why?

(b) It is cooled slowly enough for equilibrium to develop.  What phases are present?

(c) Where would the first precipitate occur in (b) ?  Why?

- - -
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1.
Explain why covalent bond is directional and the metallic and ionic bonds are non ditectional.

2.
State the different diffraction methods of determining the structures and give their advantages and disadvantages if any.

3.
Distinguish among the direction of the dilocation line, the Burgers vector and direction of dislocation motion for (a) an edge and (b) a screw dilocation.

4.
Displacements produced by intersection of two dislocation lines are easily visualized in a hypothetical simple-cubic metal. Considering only <100> type Burger’s vectors and slip on {100} type planes show that all the three types of the displacements of the dislocation line occur in the two possible lines of the intersection of edge dislocations.

5.
Explain the differences between 

(a) Elastic limit and proportional limit

(b) Yield point and yield strength

(c) Toughness and resilience

(d) Endurance limit and fatigue strength

6.
Cite five engineering applications where metal is cold-worked to increase the tensile strength?

7.
How fractures are classified? State and explain different types of fracture giving appearance of the fracture in each case?

8.
Calculate the percent ferrite, carbide and pearlite, at room temperature, in iron carbon alloy contains (a) 0.5% carbon (b) 0.8% carbon and (c) 1.5% carbon.

- - -
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1.
What are the different methods in structure determination by X-ray diffraction and explain any one method?

2.
State why powdered method is the most commonly used X-ray diffraction method.

3.
How do you expect dislocation motion to be effected by grain boundaries?  Explain.

4.
A two phase material has precipitate particles of radius 1.25 X 10-8 m and of concentration 1020 m-3. The energy of the grain boundary between the particles and the surrounding material is 0.5Jm-2. After the heat treatment at an elevated temperature the particles were found to have coarsened to 3 X 10-8 m  radius and their concentration decreased to 7.2 X 1018 m-3. What is the reduction in the total grain boundary energy due to the coarsening?

5.

Explain the differences between

(a) Hardness and brittleness

(b) Strength and stiffness

(c) Ductility and malleability

(d) Elasticity and plasticity

6.
If a bar of metal is quenched from a high temperature, the surface layers are found to contain compressive stresses and the center portion tensile stresses. Explain the phenomena?

7.
How would you distinguish between a ductile and a brittle fracture? Why is the fracture strength of real materials lower than ideal breaking strength?

8.
Most brasses contain less than 32% zinc.

(a) Give a logical reason for this fact.

(b) Cite the advantages and disadvantages of a 70-30 brass as compared with a 85-15 brass.

- - -
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1.
Explain covalent bonding and polar covalent bonding with a neat sketch and explain briefly.

2.
State the usual methods used in determining the structure of a crystal.  State also how to determine lattice parameters of a cubic crystal by the diffraction method.

3.
How do you expect dislocation motion to be effected by grain boundaries?  Explain.

4.
To provide some perspective on the dimensions of atomic defects, consider a metal specimen that has a dislocation density of 104 mm-2. Suppose that all the dislocations in 1000 mm3 were somehow removed and linked end to end, how far would this chain extend? Now suppose that the density is increased to 1010mm-2 by cold working, what would be the chain length of dislocations in 1000 mm3 of material?

5.
What is engineering stress and strain? What is meant by true stress and true strain? State where each of them are particularly used and suitable? In mathematical terms, which of these is the independent variable?

6.
Sketch time-strain curve for anelastic behavior and compare it with the time-strain curve in the Voigt-Kelvin element? What do you deduce from this? 

7.
Is Griffith’s criterion for a crack to propagate a necessary and sufficient condition? Explain?

8.
A steel contains 98.5% Fe, 0.5% C and 1% silicon.

(a) What is the eutectoid temperature?

(b) How much pearlite may be formed?

(c) What will be present other than pearlite?

- - -
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