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1. Show that the atomic packing factor of face-centered cubic materials is equal to 0.74. (6%) 

2. Briefly explain the main differences between metallic, ionic, and covelent bonding. (9%) 

3. Describe the strengthening mechanisms of solid solution strengthening, strain hardening, and grain size reduction by 
explaining how dislocations are involved in each of the strengthening method. (9%) 

4. Tell the differences between (a) yield strength and ultimate tensile strength, (b) solid solution and intermetallic compound, 
(c) edge dislocation and screw dislocation, (d) pearlite and bainite microstructure, (e) wrought alloy and cast alloy. (15%) 

5. (a) Explain why fracture strength increases with decreasing specimen size. (b) List four measures that may be taken to 
increase the fatigue resistance of a metal alloy. (10%) 

6. Figure 1 is a Sn-Au phase diagram for which only single phase regions are labeled. Specify all temperature-composition 
points (approximately) at which eutectic, eutectoid, peritectic, and congruent phase transformations occur. (12%) 

7. Explain the following terms: (a) Widmanstätten structure, (b) carburizing, (c) season cracking in brass (d) galvanic 
corrosion, and (e) hardenability. (15%) 

8. Compare gray cast iron and nodular cast iron with respect to their (a) composition and heat treatment, (b) microstructure, 
and (c) mechanical properties. (12%) 

9. Using the isothermal transforamtino diagram for a 1.13 wt% C steel alloy (Figure 2), determine the final microstructure of a 
small specimen that has been subjected to the following time-temperature treatments. In each case the specimen has been 
held at 920 °C long enough to achieve a complete austenitic structure. (a) Rapidly cool to 250°C, hold for 103 s, then 
quench to room temperature. (b) Rapidly cool to 775°C, hold for 500 s, then quench to room temperature. (c) Rapidly cool 
to 400°C, hold for 500 s, then quench to room temperature. (d) Rapidly cool to 675°C, hold for 7 s, then quench to room 
temperature. (12%) 
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