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Instructions 

1. This part is a closed book/notes only 
2. There are 6 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 

 

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

 



 
1. Properties of Solids 

A copper alloy specimen with 3 mm diameter with 50 mm gauge length was tested to destruction 
in a tensile test, as shown in the table below. The maximum applied load was 810 N and the final 
length between the gauge marks was 54 mm. 

(a) Plot an engineering stress versus engineering strain curve. 

(b) Determine Young’s modulus of the alloy. 

(c) Determine the tensile strength. 

(d) Determine the 0.2% offset yield strength of the alloy. 

(e) Determine the percentage elongation at fracture. 

 

Load/N  Extension/mm  
1000 0.10  
2000 0.20  
3000 0.290  
4000 0.402  
5000 0.504  
6000 0.697  
7000 0.900  
7500 1.297  
8000 2.204  
7150, Fracture  3.200  

 

 

 

  



2. Transport Phenomena 

A long metallic wire (2 mm diameter) is heated to a temperature of 1200°C.  It is placed in still 
air which is maintained at a temperature of 25°C. The heat transfer coefficient at the wire surface 
is 50 W/(m2.K).  
Properties of the wire: density = 8.3 g/cm3; thermal conductivity = 40 W/(m.K); heat capacity = 
483 J/(kg. K).  
 

a) Assuming that there are no temperature variations in the wire, derive an expression for 
the temperature of the wire as a function of time. 

b) Calculate the initial rate of cooling of the wire.  
c) Calculate the time taken to cool the wire to 500°C.   

  



3. Thermodynamics 

One mole of a monatomic gas is subjected to the following sequence of steps. 

(a) Starting at 300 K and 10 atm, the gas expands freely into a vacuum to double its volume 

(b) The gas is next heated reversibly to 500 K at constant volume 

(c) The gas is then reversibly expanded at constant temperature until its volume is doubled 

(d) The gas is finally reversibly cooled to 300 K at constant pressure 

Calculate the values of q (heat) and w (work) and the changes in U (internal energy), H (enthalpy), 
and S (entropy) for each step. 

gas constant R = 8.314 J/(mol K) or 0.08206 (atm L)/(mol K) 

 

 

  



4. Phase Equilibria, Phase Diagrams 

Solve ALL parts  
 
Part 1:  
Construct the hypothetical phase diagram for metals A and B between temperatures of 600°C 
and 1000°C given the following information: 

• The melting temperature of metal A is 940°C. 
• The solubility of B in A is negligible at all temperatures. 
• The melting temperature of metal B is 830°C. 
• The maximum solubility of A in B is 12 wt% A, which occurs at 700°C. 
• At 600°C, the solubility of A in B is 8 wt% A. 
• Three eutectic reactions: 

o 700°C and 75 wt% B–25 wt% A. 
o 730°C and 60 wt% B–40 wt% A. 
o 755°C and 40 wt% B–60 wt% A. 

• Two congruent melting reactions: 
o 780°C and 51 wt% B–49 wt% A. 
o 755°C and 67 wt% B–33 wt% A. 

• The intermetallic compound AB exists at 51 wt% B–49 wt% A. 
• The intermetallic compound AB2 exists at 67 wt% B–33 wt% A. 
• The B-rich terminal phase is paramagnetic above 650°C and ferromagnetic below 

650°C 
 
 
 
Part 2:  
Using the diagram you constructed, describe the microstructure (qualitatively and quantitatively) 
of a hypothetical alloy composed of 20 wt% A and 80 wt% B after it is cooled slowly from a 
liquid to a temperature just below the eutectic temperature.   
 
 
 
Part 3:   
Describe the major limitations of equilibrium phase diagrams. 
 
 

  



5. Kinetics & Diffusion 

In a continuous precipitation reaction spherical β particles grow isotropically.  The compositions 
are:  Coo = composition of matrix α; Cα = composition of α; and Cβ = composition of β.  Cα > Coo > 
Cβ.  

(a) Assuming a linearized gradient approximation derive an expression for rt as a function 
of time.  

(b) How will you be able to confirm that the β precipitates are indeed spherical from 
theoretical arguments based on phase transformations in solids?   

  



6. Materials Processing  (NO LONGER REQUIRED STARTING SPRING 2020) 

Answer ALL parts: 

1. Discuss the effect of die angle in extrusion process on the various components of energy 
consumption. 

 
2. In a direct extrusion of 8-inch diameter Aluminum workpiece (k=26 kpsi, n=0.20) to a 6-

inch diameter using a 2000 hp press, calculate the maximum extrusion speed assuming 
ideal processing conditions. 

 

3. Discuss the limitations (i.e. constraints) in determining the maximum drawing ratio in 
rod/wire drawing operations. 

 

4. Calculate the minimum time needed to forge a cylindrical workpiece (K=30 kpsi, n=0.2) 
from an initial height of 4 inches to a final height of 2 inches, using a press with 100 hp 
capacity (note 1 hp = 33,000 lb.ft/min)  

 

 

 


