
MATERIALS SCIENCE & ENGINEERING 

PhD Qualifying Exam – Spring 2018 
 

DAY 2 
 

Open Book (only) Exam 

Friday, February 2nd, 2018 

1:00-5:00 pm 

EMS E250 
Instructions 

1. You are allowed to use the listed books below in the exam 
2. There are 8 problems in this part 
3. Answer 5 problems only on separate answer books 
4. Write the topic title on each answer book 
5. Smart phones (devices) and laptops are not allowed 

 
List of approved books for second day of examination.  Maximum of one book per category is allowed.  Paper 
copies of books are allowed. 

1. Physical Metallurgy Principles, R.E. Reed-Hill and R. Abbaschian, PWS Kent, Any edition. 
2. Introduction to the Thermodynamics of Materials, David R. Gaskell, Taylor & Francis, Any edition. 

Thermodynamics in Materials Science, Robert DeHoff, CRC Press, Any edition. 
3. Transport Phenomena in Materials Processing, D. R. Poirier and G. H. Geiger, TMS Any edition. 

An Introduction to Transport Phenomena in Materials Engineering, David R. Gaskell, Any edition. 
4. Electronic Properties of Materials, R.E. Hummel, Springer, Any edition. 
5. Mechanical Behavior of Materials, Thomas H. Courtney, McGraw-Hill Publishing Company, Any edition. 

Mechanical Behavior of Materials, Meyers & Chawla, Any edition 
6. Principles and Prevention of Corrosion, Denney A. Jones, Prentice Hall Inc., Any edition.   
7. Phase Transformations in Metals and Alloys, David A. Porter, K.Easterling, M. Sherif, CRC Press; any edition. 
8. Science and Engineering of Casting Solidification, Doru Michael Stefanescu, Springer-Veralg, Any edition. 

Principles of Solidification: An Introduction to Modern Casting and Crystal Growth Concepts, M. Glicksman, Any 
edition Fundamentals of Solidification W. Kurz and D. J. Fisher, Any edition 
Castings, John Campbell, Butterworth-Heinemann, Any edition. 

9. Solidification Processing, Merton C. Flemings, McGraw-Hill, Any edition. 
10. Composite Materials Science and Engineering, K. K. Chawala, Springer-Verlag, Any edition. 

Principles of Composite Material Mechanics, Ronald F. Gibson, Any edition 
11. Introduction to Polymers, Young and Lovell, CRC Press, Any edition 
12. Physical Ceramics Yet-Ming Chiang, Dunbar Birnie III, and W.David Kingery, John-Wiley, Any edition 

Introduction to Ceramics, Kingergy & Bowen, Any edition 
13. Metal Forming Mechanics and Metallurgy, William F. Hosford and Robert M. Caddell, Cambridge University Press, Any 

edition 
 NOTE: NO WEB-ENABLED OR SMART DEVICES ARE ALLOWED IN THE EXAMINATION ROOM. 



1. Metal Casting and Solidification 
 

(a) A 10-cm cube of pure aluminum is cast in a sand mold with a 10 cm diameter riser. Riser 
and casting are both totally enclosed in sand. How high must the riser be to obtain a sound 
casting? 

Metal Shrinkage Rate 

Iron 4.0 

Aluminum 6.6 

Copper 4.9 

Magnesium 4.2 

 
(b) Why will you need smaller risers when you make similar casting of grey cast iron, explain 

in terms of phases forming during solidification of cast iron? 

 

  



2. Ceramics 

Use the Kroger-Vink notation to demonstrate the following point defects: 

 

a. Fe2+ substitutional in CaO. 

 

b. Mg interstitial in Al2O3. 

 

c. O interstitial in As2O3. 

 

d. Vacancy on Al site in Al2O3. 

 

e. Vacancy on O site in Al2O3. 

 

   



3. Electronic Materials 
 
An insulating mica disc with a thickness of 0.1 mm and a diameter of 10.0 mm is used to electrically 
insulate a semiconductor device from a conducting heat sink. It is known that the mica has κ= 0.75 

W m-1 K-1. Calculate the thermal resistance of the disk and the temperature drop across the disk if 
the heat current through it is 25.0 W. 

 

 

  



4. Corrosion 

An emf of 0.2 V drives an electrical current of 2 mA through a solution of sodium chloride in 1 hour. 

(a) How much charge has been passed? 
(b) Assuming there is no resistance elsewhere in the circuit, what is the resistance represented by 

the solution? 
(c) By what means is the charge carried through the solution? 

  



5. Deformation Processing 

Answer Both parts: 
 

1. An aluminum thin-walled tube (radius/thickness = 20) is closed at each end and pressurized to 7 
MPa to cause plastic deformation. Neglect the elastic strain and find the plastic strain in the 
circumferential (hoop) direction of the tube. The plastic (equivalent) stress-strain curve is given by 
𝜎𝜎𝑒𝑒𝑒𝑒 = 170(𝜀𝜀𝑒𝑒𝑒𝑒)0.25  𝑀𝑀𝑀𝑀𝑀𝑀. 

 

2. The flow stress in a stepped tensile bar (f = 0.98) increased by 50% when the creep temperature 
increased from 300 C to 400 C. Assuming an activation energy of 200 KJ/mol, what is the maximum 
strain? (R = 8.314 J/K.mol) 

 

  



6. Metals and Alloys 
 
Describe how you could determine the nature and characteristics of a metal sample given to you with 
no accompanying information by using standard metallurgical characterization methods (i.e. you are 
given a small piece of metal and asked “what is this?” – so you need to describe it elementally, 
structurally, and the state of processing).  Feel free to use a specific alloy or alloys as examples in 
your answer.  Use figures/sketches, equations, or words, as necessary in your answer. 

 

  



7. Composites 

Carbon fibers (Vf= 50%) and Epoxy matrix have the following parameters; note the difference in 
units. Ef= 280GPa, Em= 276 MPa. 

(a) Compute the elastic modulus in the fiber direction, E11, and traverse to the fiber direction 
E22, in a continuous carbon fiber reinforce Epoxy matrix. 

(b) How will you make the above continuous fiber composite and determine the volume 
percentage of voids in the composites? 

 

  



8. Polymers  

Answer ALL parts: 
 

1. A polyamide was prepared by bulk polymerization of 9.22g of hexamethylene diamine (HMDA) 

with 11.68g of adipic acid (AA) at 280oC. Analysis of the whole reaction product showed that it 

contained 2.6x10-3 moles of –COOH groups. Evaluate the number average molecular weight of 

the polyamide. The reaction scheme and the structure of the repeat unit are shown below: 

C6N2H16 + C6O4H10 → ~~~~(C12N2O2H22)~~~~ + H2O 
Additional data: MW (g/mol) of C = 12, N = 14, H = 1, O = 16, HMDA = 116.20, AA = 146.14 
 
 

 

2. A ring shaped seal, made from a viscoelastic material, is used to seal a joint between two rigid 

pipes. When incorporated in the joint, the seal is held at a fixed compressive strain of 0.2. 

Assuming that the seal can be treated as a Maxwell model, determine the time before the seal 

begins to leak under an internal fluid pressure of 0.3 MPa. Assume relaxation time τo = 300 days 

& short term modulus = 3 MPa. 

 
 


