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SECOND MID-SEMESTER EXAMINATION

There are 14 questions.  Please answer all questions.  Answers to questions must be supported by evidence, either in the form of calculations or reasoning and logic.  One word or single number answers will not receive any credit.  All answers must be laid out in a logical manner that leads to an answer to the question.  The answer must also be stated clearly.
Each question is worth 10 points for a maximum of 140 points. 

You are permitted to use your textbook, class notes, homeworks and homework solutions, and class handouts from this semester only.  No other material may be used.
1.  Iron can form two types of oxides – FeO and Fe2O3.  If Fe2O3 is placed in a reducing atmosphere, what type(s) of defects will result?

2.  One common use of ZrO2 is for oxygen sensors.  Oxygen has to be able to diffuse through a thin ZrO2 plate for this application.  If you were to dope the ZrO2 with Y2O3, would the oxygen diffusivity through the ZrO2 plate be increased or decreased?

3.  In the sintering of ceramic materials it is desirable to use powders that are as fine as possible, i.e., with a particle diameter as small as possible.  Explain why this is desirable.  If you disagree, please also explain why.

4.  Nickel is a face centered cubic metal, with a lattice parameter of 3.517 Å.  What is the magnitude and direction of the Burger’s vector, for an edge dislocation, in nickel?

5.  What are the Hume-Rothery Rules?  For which situations or conditions do these rules apply?

6.  What is the relationship among the Burgers vector, direction of dislocation line and slip direction for (a) an edge dislocation, and (b) a screw dislocation?

7.  Two researchers measured the vapor pressure of pure water at 25oC.  One researcher used a 1 mm internal diameter glass tube and the other used a 1 mm internal diameter teflon tube.  Would you expect the two of them to have obtained identical results?
8.  Metals expand when heated.  What change (or changes) take place at the atomic level that results in the macroscopic phenomenon of thermal expansion?
9.  A piece of copper wire, 1 mm in diameter and 10 m in length is heated in a furnace to 600oC and held there for 30 minutes.  It is then quenched in water at room temperature.  How would this process affect the copper wire’s (a) electrical resistivity, (b) yield strength, and (c) elastic modulus?

10.  What are partial dislocations?  When do they form? Why do they form?
11.  Several methods of creating barriers to dislocation motion were discussed in class.  Describe at least three different dislocation barriers and how these can be created in the case of metallic materials.  How would the creation of dislocation barriers affect the strength characteristics of metallic materials?

12.  Chromium has the body centered cubic crystal structure.  You have two chromium single crystals – one has been cut to expose the (111) surface and the other has been cut to expose the (110) surface.  You place a drop of water on each of these surfaces and measure the contact angle.  Do you expect the contact angle on these surfaces to be the same or different?  If they would be the same, explain why.  If they would be different, also explain why and indicate which surface can be expected to have the larger contact angle.

13.  Sterling silver is the silver alloy that is used most commonly for coinage and jewelry.  This alloy contains 92.5 wt % Ag and 7.5 wt % Cu.  Why is a silver alloy used for this purpose, rather than pure silver?  What is the role that Cu plays?

14.  The Ag-Pb phase diagram is attached.  Please answer the following questions with respect to this phase diagram.

(a) What does “(Au)” in the phase diagram mean?


(b) What is the solidus temperature for a 40 atomic % Pb alloy?


(c)  What is the liquidus temperature for a 40 atomic % Pb alloy?


(d)  Would you expect the Ag-Pb interatomic bonds to be stronger than, or weaker 



than the Pb-Pb interatomic bonds?


(e)  Does this system exhibit ideal behavior, eutectic behavior, or intermetallic 



compound formation?

