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Q1. (a) Determine the Miller indices of the {110} slip planes in BCC unit cells that include the [111] slip direction.
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(b) When BCC iron is in the softest condition, the dislocation density is about 106 cm/cm3; large amounts of deformation of the iron increase the dislocation density to 1012 cm/cm3. How many grams of iron are necessary to produce 1600 kilometer of dislocation in (a) soft iron and (b) deformed iron?

Q2.  (a)
Calculate and plot how the total free energy ΔF changes with the radius of a spherical nucleus of nickel at undercoolings of 250C and 3500C. 

(b)
The triple point for water occurs at 0.007atm and 0.00750C. Using this information and your knowledge of the behaviour of water at atmospheric pressure, construct a schematic unary phase diagram. 

Q3. 

 (a) Construct a phase diagram from the following information: element A melts at 12000C and element B melts at 10000C; element B has a maximum solubility of 10% in element A, and element A has a maximum solubility of 20% in an element B, the number of degrees of freedom from the phase rule is zero when the temperature is 8000C and there is 45% B present; at room temperature 3% A is soluble   in B and 0% B is soluble in A.

(b)  Calculate the packing fraction of a (111) plane in (a) a simple cubic, (b) a body-centered cubic, and (c) a face centered cubic unit cell. In which, if any, of these structures is the (111) plane a close-packed plane. 
Q4.
We would like to produce 0.3%C at a distance of 1.5mm beneath the surface of a steel part by carburising. If the steel originally contains 0.10%C and 1.0%C is introduced to the surface, what carburising temperature is required if the treatment is to be accomplished in 0.33hrs? Assume the iron is FCC.

Q5. One of the forms of BeO has the Zinc blende structure at high temperatures. Determine (a) the lattice parameter, (b) the density, and (c) the packing factor for the compound.

Q6.

(a)
Define types of a unit cell and their characteristics.

(b)
The density of lead is 11.36Mg/m3. Its atomic mass is 207.19g/g.mole and the crystal structure is FCC. Calculate (a) the lattice parameter (b) the atomic radius for lead.

Q7.

(a)
Explain the terms (a) coordination number and (b) packing factor.

(b)
At 14500 0C, thorium (Th-90, 232.04) changes from  one type of cubic  unit cell  to a different  cubic cell, with 0.5% decrease in volume during heating. Below 145000 0C,  the lattice parameter is 5.187A0, while the lattice parameter  of the higher temperature form is 4.11A0. What is the ratio between the number of atoms in the unit cell of the high temperature form to the number of atoms in the unit cell of the low temperature form.

Q8.

(a) Show the stress strain variation for 

1) plastic

2) elasto-plastic 

3) fully elastic materials
(b) We plan to stretch  a steel bar until it has a final length of 1.8m. What length should the bar be before the forming stress is removed? The yield strength is 627MPa, the tensile strength is 572MPa, and the modulus of elasticity is 210GPa.

Q9.

(a) Define types of defects in materials.

(a) HCP magnesium (12, 24.31) has a density of 1.735Mg/m3 and lattice parameter of a0=3.2087A0 and C0=5.209A0. Calculate;

1) the average number of atoms per lattice point in the unit cell and 

2) the total number of vacancies in a cubic centimeter of magnesium.

Q10.


We would like to produce 0.3%C at a distance of 1.5mm beneath the surface of a steel part by carburising. If the steel originally contains 0.10%C and 1.0%C is introduced to the surface, what carburising temperature is required if the treatment is to be accomplished in 0.33hrs? Assume the iron is FCC.

