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Question #1: (7 points) Fill in the blanks 
1. The process by which plastic deformation is produced by dislocation motion is called  

_____Slip________. 

2. Dislocation _Density________ in a material is expressed as the total dislocation length 

per unit volume. (units: 1/mm
2
). 

3. ___Solubility Limit______________is the maximum concentration of solute atoms that 

may dissolve in the solvent to form a solid solution at a specific temperature. 

4. eutectic structure ___________________ is a solid microstructure consists of alternating 

layers of the   and   phases . 

5. Material properties can be grouped into: 

 Mechanical _____________ , 

 magnetic _____________ , 

 thermal _____________ ,  

 electrical ______________, 

 optical,  

 Deteriorative properties.  

6. For the Cu-Ag phase diagram shown: 

a) Point E is called ________ eutectic point ____________________ 

b) The eutectic composition is ___________________. 

c) The eutectic temperature is ___________________. 

d) Write the eutectic reaction: 

  
   )Ag%wt2.91()Ag%wt0.8()Ag%wt9.71(L     

 

 
 

 

 

 

 

Cooling 

Heating 
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Question #2: (5 points) True or False 

1. Re-crystallization temperature is the temperature below which the effects of strain 

hardening are eliminated during annealing. 

2. A dislocation is a linear defect around which some of the atoms are misaligned.  

3. Increased hindering of dislocation motion makes a metallic material softer and weaker. 

4. The Cu-Ni system is called isomorphism because of the complete liquid and solid 

solubility of the two components. 

5. Isotopes  are  atoms of a given element that have the different atomic number but same 

mass numbers. 

 
Question #3: (3 points) Select the most correct answer(s) 

1. For pure metals, the re-crystallization temperature is normally about 

a. 0.1 Tm. 

b. 0.2 Tm. 

c. 0.3 Tm. 

d. 0.4  Tm. 

2. The drawing shown represents the unit cell for the crystal 

structure: 

a. Simple Cubic 

b. Body-centered Cubic 

c. Face-centered cubic 

d. Hexagonal close-packed 

3. For the lead-tin phase diagram shown, the phases/phase combinations for an alloy of 

composition 77 wt% Sn - 23 wt% Pb that is at equilibrium at 190°C are 

a. Alpha 

b. Beta 

c. Liquid 

d. Alpha + Liquid 

e. Beta + Liquid 

f. Alpha + Beta 

g. Alpha + Beta + Liquid 

 

 
 

 
Liquidus  
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Question #4: (8 points) 

The metal rubidium has a BCC crystal structure. If the angle of diffraction for the (321) set of planes 

occurs at 27.00° (first-order reflection) when monochromatic x-radiation having a wavelength of 0.0711 

nm is used, compute: 

a. The inter-planar spacing for this set of planes 

b. The atomic radius for the rubidium atom. 

 

 

 

 

 

 

 

 

 

Question #5: (7 points) 

The concentration of carbon in an iron–carbon alloy is 0.15 wt%. What is the concentration in kilograms 

of carbon per cubic meter of alloy? 
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Question #6: (12 points) 

A single crystal of aluminum is oriented for a tensile test such that its slip plane normal makes an angle 

of 28.1° with the tensile axis. Three possible slip directions make angles of 62.4°, 72.0°, and 81.1° with 

the same tensile axis. 

a. Which of these three slip directions is most favored? 

b. If plastic deformation begins at a tensile stress of 1.95 MPa, determine the critical resolved shear 

stress for aluminum. 
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Question #7: (6 points) 

a. From the plot of yield strength versus (grain diameter)
-1/2

 for a 70 Cu–30 Zn cartridge brass, 

determine values for the constants 0 and ky in Equation 7.7.  

b. Now predict the yield strength of this alloy when the average grain diameter is 1.0×10
-3

 mm. 
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Question #8: (10 points) 

Following is tabulated data that were gathered from a series of Charpy impact tests on a tempered 4140 

steel alloy. 

Temperature (C) Impact Energy (J) 

100 89.3 

75 88.6 

50 87.6 

25 85.4 

0 82.9 

-25 78.9 

-50 73.1 

-65 66.0 

-75 59.3 

-85 47.9 

-100 34.3 

-125 29.3 

-150 27.1 

-175 25.0 

a. Plot the data as impact energy versus temperature. 

b. Determine a ductile-to-brittle transition temperature as that temperature corresponding to the 

average of the maximum and minimum impact energies. 
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Question #9: (10 points) 

The fatigue data for a ductile cast iron are given as follows: 

 

Stress Amplitude [MPa] Cycles to Failure 

248 1×10
5
 

236 3×10
5
 

224 1×10
6
 

213 3×10
6
 

201 1×10
7
 

193 3×10
7
 

193 1×10
8
 

193 3×10
8
 

a. Make an S–N plot (stress amplitude versus logarithm cycles to failure). 

b. What is the fatigue limit for this alloy? 

c. Determine fatigue lifetimes at stress amplitudes of 230MPa and 190MPa. 

d. Estimate fatigue strengths at 2×10
5
 and 6×10

6
 cycles. 
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Question #10: (10 points) 
Consider 1.0 kg of austenite containing 1.0 wt% C, cooled to below 727°C. 

a. What is the pro-eutectoid phase? 

b. How many kilograms each of total ferrite and cementite form? 

c. How many kilograms each of pearlite and the proeutectoid phase form? 

d. Schematically sketch and label the resulting microstructure. 

 

 

 

 

 

 

 

Question #11: (6 points) 

Is it possible to have an iron–carbon alloy for which the mass fractions of total ferrite and pro-eutectoid 

cementite are 0.846 and 0.049, respectively? Why or why not? 
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Question #12: (14 points) 

Using the isothermal transformation diagram for an iron–carbon alloy of eutectoid composition, specify 

the nature of the final microstructure (in terms of micro-constituents present and approximate 

percentages of each) of a small specimen that has been subjected to the following time temperature 

treatments. In each case assume that the specimen begins at 760°C and that it has been held at this 

temperature long enough to have achieved a complete and homogeneous austenitic structure. 

a. Cool rapidly to 700°C, hold for 10
4

 s, and then quench to room temperature. 

b. Rapidly cool to 600°C, hold for 4 s, rapidly cool to 450°C, hold for 10 s, then quench to room 

temperature. 

c. Cool rapidly to 400°C, hold for 2 s, and then quench to room temperature. 

d. Cool rapidly to 400°C, hold for 20 s, and then quench to room temperature. 

e. Cool rapidly to 400°C, hold for 200 s, and then quench to room temperature. 

f. Rapidly cool to 575°C, hold for 20 s, rapidly cool to 350°C, hold for 100 s, then quench to room 

temperature. 

g. Rapidly cool to 250°C, hold for 100 s, and then quench to room temperature in water. Reheat to 

315°C for 1 h and slowly cool to room temperature. 
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Question #13: (8 points) 

Using the isothermal transformation diagram for a 0.45 wt% C steel alloy, determine the final 

microstructure (in terms of just the micro-constituents present) of a small specimen that has been 

subjected to the following time–temperature treatments. In each case assume that the specimen begins at 

845°C and that it has been held at this temperature long enough to have achieved a complete and 

homogeneous austenitic structure. 

a. Rapidly cool to 250°C, hold for 10
3

 s, and then quench to room temperature. 

b. Rapidly cool to 700°C, hold for 30 s, and then quench to room temperature. 

c. Rapidly cool to 400°C, hold for 500 s, and then quench to room temperature. 

d. Rapidly cool to 700°C, hold at this temperature for 10
5

 s, then quench to room temperature. 

e. Rapidly cool to 650°C, hold at this temperature for 3 s, rapidly cool to 400°C, hold for 10 s, then 

quench to room temperature. 

f. Rapidly cool to 450°C, hold for 10 s, and then quench to room temperature. 

g. Rapidly cool to 625°C, hold for 1 s, and then quench to room temperature. 

h. Rapidly cool to 625°C, hold at this temperature for 10 s, rapidly cool to 400°C, hold at this 

temperature for 5 s, then quench to room temperature. 

 

 


