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All work must be clearly shown with proper
units in the final answer to receive full credit.
Check that all parts are answered.

Problem 1: Multiple Choice Questions (18 pts) 1 (18 pts)
2 (13 pts)
1- A fine-grained material is weaker that a coarse-grained material 3 (20 pts)
A. True 4 (15 pts)
B. False
5 (10 pts)
2- As of result of strain hardening, 6 (14 pts)
A. ductility increases and strength increases
B. ductility decreases and strength increases 7(10 pts)
C. ductility decreases and strength decreases Total points

Plastic slip is most likely to occur

A. On planes with low planar density and along directions of high linear density
B. On planes with high planar density and along directions of low linear density
C. On planes with low planar density and along directions of low linear density
D. On planes with high planar density and along directions of high linear density

For ductile materials, due to plastic deformation at the crack tip,
A. The crack tip is typically blunted
B. The crack tip is typically sharp

In most metals, creep typically occurs at

A. Low temperatures, near the ductile to brittle transition

B. Room temperature

C. Elevated temperatures, approximately 0.4 times the melting temperature or more

Cementite (Fe3C) is an example of
A. An interstitial solid solution in the BCC phase
B. An intermetallic compound



Problem 2: Short Answer (13 points)

Part A: The following graphs represent a certain means to strengthen materials

In the space to the right of each graph, identify the strategy for strengthening and
provide a 1-2 sentence description of the mechanism behind it.
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Part B: Fe-C phase diagram. For the iron-carbon phase diagram shown below. Determine
approximate compositions and temperatures of all eutectic and eutectoid points. (4 pts)
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Problem 3: (20 pts) Crystal structure of CdS: Assuming that Cd and S ionic radii in the CdS

ceramic compound are r(Cd*") = 0.109 nm and r(S*) = 0.170 nm, determine:

(a) (5pts) Sketch the unit cell structure of CdS. You must justify your answer using the table below.

Cation-Anion Coordination Coordination Coordination
Radius Ratio Number Geometry Geometry
0.225-0.414 4 Tetrahedral Zinc blende
0.414-0.732 6 Octahedral Rock salt
0.731 —1.000 8 Cubic Cesium chloride

(b) (5pts) Compute the lattice parameter (length of the edge of the unit cell).

(c) (5pts) Calculate the theoretical density of CdS (g/cm3). Atomic mass of Cd is 112.4 g/mol, S is 32.1
g/mol.

(d) (5pts) CdO is soluble in CdS. What kinds of point defects are introduced when CdO is dissolved in
a bulk CdS crystal?

NOTE: If you do not know the answer to part (a), proceed by assuming any of the three structures.



Problem 4 (15 pts)

Stress-Strain behavior:

The figure to the right shows the tensile stress— strain curve for a plain-carbon steel.

Conceptually estimate:

(a) Elastic Modulus (GPa) (5Pts)

(b) Modulus of Resilience (Joule/cm3) (5Pts)

(c) Toughness (Joule/cms3) of this material (5Pts)

(4 rough calculation is fine, but please use the number in figures and necessary equations to do the
calculation instead of just giving conceptual explanation.)

600
80
500
60
400 -
: .
= 200 S
g 40 =
s ¢
3 P~
? 200 &
20
100

o
p—
=
h--
'—
b-—
p—
-
-
|
pe
-
—
-
—

o




Problem 5 (10 pts)

A wing component on an aircraft is fabricated from an aluminum alloy that has a plane strain

fracture toughness of 0 MPa Vi (364 ksirlin.). It has been determined that fracture results at a
stress of 365 MPa (53,000 psi) when the maximum internal crack length is 2.5 mm (0.10 in.). For
this same component and alloy, compute the stress level at which fracture will occur for a critical
internal crack length of 4.0 mm (0.16 in.).



Problem 6 (14pts)
For a copper-silver alloy of composition 35 wt% Ag-65 wt% Cu and at 775°C (1425°F) do the following:

(a) (5 points) Determine the mass fractions of a and B phases.
(b) (5 points) Determine the mass fractions of primary a and eutectic microconstituents.

(c) (4 points) Determine the mass fraction of eutectic a.
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Adapted from Binary Alloy Phase Diagrams, 2nd edition, Vol. 1, T. B, Massalski (Editor-in-Chiof), 1990,
Reprinted by parmission of ASM International, Materials Park, OH,



Problem 7 (10 pts)

(a)Zirconia (ZrO») is often stabilized with calcium (CaO). If Ca*? substitutes for Zr** ions, will the vacant sites
be anion or cation? Show or explain your reasoning (5 pts)

(b)What is the difference between creep and fatigue? (one to two sentence short answer is sufficient).(5 pts)



Data Sheet
N,4=6.023 x 10* molecules/mol
k=138 x 10* J/atom-K = 8.62 x 10 eV/atom-K
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Factor by Which

Multiplied Prefix

10° giga

10° mega

10° kilo

1072 centi’

1073 milli

10°° micro

107 nano

1077 pico
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