

1. The density of potassium, which has the BCC structure and one atom per lattice point, is 0.855 g/cm3. The atomic weight of potassium is 39.09 g/mol. (10%) 
Calculate (a) the lattice parameter 
(b) the atomic radius of potassium
2. A sample of BCC metal was placed in an X-ray diffractometer using X-rays with a wavelength of ( = 0.1541 nm. Diffraction from the {221} planes was obtained at 2( = 88.838°. Calculate a value for the lattice constant a for this BCC elemental metal. (Assume first-order diffraction, n = 1.) (10%)
3. Describe and illustrate the following planar defects: (a) twins, (b) low-angle tilt boundaries, (c) stacking faults. For each defect, express the impact on the properties of the material. (12%)
4. The following data were collected from a 20 mm diameter test specimen of a ductile cast iron (lo = 40.00 mm): (24%)
[image: image1.emf]
After fracture, the total length is 47.42 mm and the diameter is 18.35 mm. 
Calculate (a) the tensile strength, (b) the modulus of elasticity, (c) the % elongation, 
(d) the % reduction in area, (e) the engineering stress at fracture, 
(f) the true stress at fracture.

5. What are five important factors that affect the recrystallization process in metals? (10%)
6. Derive the lever rule for the amount in weight percent of each phase in two-phase regions of a binary phase diagram. Use a phase diagram in which two elements are completely soluble in each other. (10%)
7. The diffusion coefficient for Cr+3 in Cr2O3 is 6 × 10−15 cm2/s at 727oC and is 1 × 10−9 cm2/s at 1400oC. Calculate (a) the activation energy and 
(b) the constant D0. R=8.314 J/mol(K(12%)
8. Consider a magnesium-iron galvanic cell consisting of a magnesium electrode in a solution of 1 M MgSO4 and an iron electrode in a solution of 1 M FeSO4. Each electrode and its electrolyte are separated by a porous wall, and the whole cell is at 25°C. Both electrodes are connected with a copper wire. (12%)
(a) Which electrode is the anode?

(b) Which electrode corrodes?

(c) What is the emf of the cell?

Table 1 Standard electrode potentials for selected elements at 25 oC

	Oxidation (corrosion) reaction
	Electrode potential E0 (volts versus standard hydrogen electrode)

	Li ( Li+ + e- 
	-3.05

	Mg ( Mg2+ + 2e- 
	-2.37

	Fe ( Fe2+ + 2e- 
	-0.44

	H2 ( 2H+ + 2e-
	0.00

	Cu ( Cu2+ + 2e- 
	+0.34
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