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. Explain why the properties of polycrystalline materials are most often isotropic. (5%).

. Cite three metallurgical/processing techniques that are employed to enhance the creep
resistance of metal alloys. (5%)

. Briefly describe laminar composites. What is the prime reason for fabricating these materials?
(5%)

. In your own words, explain the mechanism by which charge storing capacity is increased by
insertion of a dielectric material within the plates of a capacitor. (5%)

. Briefly explain why the ferroelectric behavior of BaT103 ceases above its ferroelectric Curie

temperature? (5%)
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. (5%) Suppose that the stress state, o, =105MPa, ¢, =90MPa,and z,, = [05MPa, occurring

at point Q (see Figure 1) in a steel beam has caused the beam to yield. As far as yielding is
concerned, would another stress state, o, = 85MPa , o, =70MPa, and rt,, =105MPa ,

occurring at the same point cause the beam to yield also? Why or why not?
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Figure 1
. (10%) Equations for the transformation of plane stress have been readily developed as follows,

Oy =0,c08° 6+ o) sin? @ + 2t sinfcosd
Tyt = ~(0' -0 Xsin&cos€)+ T (0052 6 — sin? 9)
X'y X ¥ xy

where @ is the angle between the x and x' axes. Using these transformation equations to
derive the principal stresses, o, and o, and the angle 6, defining the principal planes in

terms of the stress components.

. (10%) Consider a slender column of uniform cross-section with pinned ends loaded with an
axial compressive load P which acts through the centroid of the cross-section (see Figure 2).
The column is assumed to be initially straight and to behave in a linear-elastic manner.
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Derive the critical axial load ( P‘Cr )
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under which the column can be in equilibrium both in the straight and slightly deformed
position. Note that in the above equation, £ is the modulus of elasticity (i.e., Young’s

modulus) and 7 is the area moment of inertia of the cross-section about z-axis.
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4. (8%) A solid circular bar of diameter d = 2 in. is twisted in a testing machine until the applied

torque reaches the value T = 11,000 in-Ib (see Figure 3). At this value of torque, a strain

gage oriented at 45° to the axis of the bar gives a reading € = 305 x 10°. Determine the shear
modulus G of the material.

Figure 3
5. (9%) A curved bar ABC is subjected to loads in the form of two equal and opposite forces P, as

shown in the Figure 4. The axis of the bar forms a semicircle of radius r.  Determine the
axial force N, shear force V, and bending moment M acting at a cross section defined by the

angle 0 (see Figure 4).
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6. (8% A square pillar is subjected to a compressive force P = 750 kip and a bending moment M
= 00 ft-kip (see Figure 5). What is the required side dimension b of the pillar if the allowable

stresses are 2600 psi in compression and 900 psi in tension? (Disregard the weight of the
pillar itself.)

Figure 4

Figure 5




