
MATERIALS SCIENCE & ENGINEERING 

PhD Qualifying Exam – FALL 2017 

 

DAY 2 

 

Open Book (only) Exam 

Friday, September 15th, 2017 

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 
1. Physical Metallurgy Principles, 3rd ed., R.E. Reed-Hill and R. Abbaschian, PWS Kent, 1992. 
2. Introduction to the Thermodynamics of Materials, 4th ed., by David R. Gaskell, Taylor & Francis, 1996. 
3. Transport Phenomena in Materials Processing, by D. R. Poirier  and G. H. Geiger, Minerals, Metals, & 

Materials Society (February 1998). 
4. Electronic Properties of Materials, 4th ed., by R.E. Hummel, Springer, 2011. 
5. Mechanical Behavior of Materials, by Thomas H. Courtney, McGraw-Hill Publishing Company, 1990 

(Any edition). 
6. Principles and Prevention of Corrosion, 2nd ed., by Denney A. Jones, Prentice Hall Inc., 1995.  Handouts 
7. Phase Transformations in Metals and Alloys, 3rd ed by David A. Porter,  Kenneth E. Easterling, Mohamed 

Sherif, CRC Press. 
8. Science and Engineering of Casting Solidification, 2nd ed by Doru Michael Stefanescu, Springer-Veralg, 

2008. 
9. Composite Materials Science and Engineering, 3rd ed, by K. K. Chawala, Springer-Verlag, 2012. 
10. Introduction to Polymers, 2nd ed by Young and Lovell, CRC Press, 1991. 
11. Physical Ceramics by Yet-Ming Chiang, Dunbar Birnie III, and W.David Kingery, John-Wiley, 1997. 
12. Castings, 2nd edition by John Campbell, Butterworth-Heinemann; 2 edition (June 12, 2003). 
13. Solidification Processing (Materials Science & Engineering) by Merton C. Flemings (Jun 1974) 

 

NOTE: NO ELECTRONIC SMART DEVICES ARE ALLOWED IN THE EXAMINATION ROOM. 



1. Solidification of Metals and Alloys 

Assume that an alloy of nickel with 2 wt% aluminum is cast and by metallographic examination 
a dendrite arm spacing of 50 μm is observed. It is also determined that the composition 
difference between the center of an arm and the midpoint between two arms is one percent. 
Estimate the time required for homogenization if the annealing temperature is to be 1400 oC and 
the composition difference is to be reduced to one-tenth of its original value.  

 

 

  



2. Metal Casting 

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? 

 

   



3. Electronic Materials 

Planck constant: 6.626×10−34 J.S;  Speed of light: 3.00×108 m/s 

1. Determine the maximum value of the energy gap that a semiconductor, used as a 
photoconductor, can have if it is to be sensitive to yellow light (600 nm). 

 

 

 

 

2. A photo-detector whose area is 5 × 10-2 cm2 is irradiated with yellow light whose intensity is 2 
mW cm–2. Assuming that each photon generates one electron-hole pair, calculate the number of 
pairs generated per second. 

 

 

 

 

 

3. From the known energy gap of the semiconductor GaAs (Eg = 1.42 eV), calculate the primary 
wavelength of photons emitted from this crystal as a result of electron-hole recombination. Is the 
above wavelength visible? 

 

 

  



4. Corrosion 

Describe the Wagner Parabolic scale growth theory:  How would you relate the Wagner rational 
constant to kp (based on scale thickness and km (based on thermogravimetry oxidation 
determinations)   



5. Deformation Processing 

An alloy begins to yield when subjected to a stress state in which the principal stresses are 700 
MPa, 350MPa and –350MPa.  
 

a)  What is the stress at which yielding will begin in uniaxial compression in this alloy (use 
von Mises criterion)? 

b) A sheet sample of the above material is stretch formed such that σ2=2σ1/3.  Calculate the 
forces needed to deform a sheet that measures 40 cm × 30 cm × 0.25 cm. 

c) Under what conditions will a cube of this material not undergo plastic deformation 
(applied stresses greater than uniaxial yield stress)? 

  



6. Solution Thermodynamics 

A liquid Cu containing dissolved oxygen and sulfur is in equilibrium with the gaseous phase 
consists of N2, O2, SO, SO2, and SO3 at 1,479 K. Calculate the SO2 partial pressure which is in 
equilibrium with the melt containing 0.02 wt% S and 0.1 wt% O. 
 
1/2S2(g) + O2(g) = SO2(g),  ∆G1

0 = -361,670 + 72.68T [J] 
1/2O2(g) = O(l,wt%),           ∆G2

0 = -85,350 + 18.54T [J] 
1/2S2(g) = S(l,wt%),            ∆G3

0 = -119,660 + 25.23T [J] 
eO

S = -0.33, eS
S = -0.19, eO

O = -0.16, eS
O = -0.16 

 

  



7. Composites 

Consider an alumina fiber reinforced magnesium composite. Calculate the composite stress at 
the matrix yield strain. The matrix yield stress is 180 MPa, Em=70 GPa, and υ=0.3. Take 
Vf=50%. 

 

  



8. Polymers and Ceramics 

Answer all questions in both topics: 

Polymers 

(1) It is known that a certain polymer follows the Avrami kinetics for crystallization. The Avrami 
exponent n is assumed to be 4. 50% crystallization was measured in 100 seconds of 
crystallization. 

(i) Write the general form of Avrami equation using the following terms: fc (fraction of 
crystallization), k (Avrami constant), n (Avrami exponent) 

(ii) Calculate the Avrami constant k. Express your answer in [1/s4]. 

(iii) How much time is required for 99% crystallization? Express your answer in [s]. 

  

(2) A certain polymer (Tg=10 °C) has a melt viscosity of 1.5x105 poises at 25°C. Use the WLF 
equation shown below (C1 = 17.44 and C2 = 51.6) to estimate its viscosity at 60°C. What 
assumptions did you make? 

 
 

 
 

 

Ceramics  

(1) An ionic crystal MX2 forms C1 (i.e., fluorite) structure. If a cubic C1 structure is formed, 
what is the lattice parameter a, when anion (X) radius=0.165 nm and cation (M) 
radius=0.091 nm? Assume ideal packing. 

(2) Assume there is one Schottky defect in every tenth unit cells of MgO. (a) Calculate the 
density of anion vacancies. (b) What is the density of the defective ceramic? 

 

log a
T
  =  

- C
1
(T - Ts)

C
2
 + T - Ts


