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1. Answer the following questions regarding material’s density (15%):

(1). Offer an explanation as to why covalently bonded materials are generally less dense than
ionically or metallically bonded ones. (5%) _

(2). Calculate the linear density of the [108] direction for body-centered cubic crystalline
structure (BCC). (5%);

(3) Calculate the planar density of the (110) plane for face-centered cubic crystalline structure
(FCC). (5%).

2.Phosphorus is added to high-purity silicon to give a concenfration of 10® m™ of charge

catries at room temperature. (10%) -

(1) Is this material n-type or p-type? (5%)

(2) Calculate the room-temperature conductivity of this material, assuming the electron and
hole mobilities are the same as for the intrinsic material (0.14 m%V-s). The absolute
magnitude of the electrical charge on an electron is 1.6x10™"° C) (5%).

— ~(25%) |
1. A zin¢ single crystal is being pulled in tension with the normal to its basal plane (0001) at
60° to the tensile axis and the slip direction [1120] at 40° to the tensile axis.
{1) What is the resolved shear stress, ¢, acting in the slip direction when a tensile stress of
0.690 MPa (100 psi) is applied? 3%)
(2) What tensile stress is necessary to reach the critical resolved shear stress, 7o, 0£0.94 Mpa

(136psi)? 3%)
2. In a materials laboratory experiment, a student skeiches a microstructure cbserved under an

-optical microscope. .
The sketch appears as The phase diagram for this atloy system is
T
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"?,Detmmne (1ywhether the black regions in the sketch represent ¢ or S phase (3%)and
'(2)thﬂ appmxmate alloy composition, (3%) ’

3. Compare preclpuanon hardening and the hardening of steel by quenching and tempering
with regard to. -

(1) The total heat tteatment procedure. (5%)

(2) The microstructure that develop. (4%5)

(3) How the mechanical properties change during the several heat treatment stages. (4%)
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1 A steel shaft and an aluminum wbe are connected to a fixed support and to a rigid disk as shown
in the cross section (Fig. 1). Knowing that the initial stresses are zoto, determine the maximum
torque Tp which may be applied to the disk if the allowable stresses are 120 MPa in the steel
shaft and 70 MPa in the aluminum tube. Use G = 20 GPa for steel and G = 27 GPa for aluminum,

(10%)

2 Beam AB (Pig. 2)is fabricated from a mitd steel which is assumed to be elastoplastic with B =
29 x 10° psi and o, = 36 psi. Determine the bending moment M and the cotresponding radivs of
curvature (a) when yield first ocours, (b} when the franges have just becomse fully plastic. (15%)
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(1) By referring to the figure as shown for plane stress conditions,

please derive the equations, o7

o= % (o, +0,)+ -;-(.::5r ~ o, Jeos 28 + 7, 5in 26
Ty = ~—-§— (o”_‘ -, )sin 20 +1,, cos2d

where the normal stress and shear stress acting on the '

plane are given in terms of rotation @ and the stresses
o, o,,8and 7, actingonthe x and v planes. (8%)

(2) Using the resuit of the previous problem, (a) please eXpress

the principal stresses and the orientation of the planes of these
principal stresses in terms of the stresses 0, o, and 7,

{8%), and  (b) express the maximum shear stress in terms of
the stresses &,, O, and 7, {4%). Show the details of
vour work.

(3) Schematitaily construct a Mohr’s circle with assuming that all
stresses O, -0, and r,, are greater than zero and

o, > oj_v.'..fﬁ%j
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