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1. An electrochemical cell consisting of iron and copper electrodes, each of which is
immersed in am 1M solution of its ion. In this cell, {a) 1ron corrodes as cathode
(b) 1ron corrodes as anode {c) copper corrodes as cathode (d) copper corrodes
as anode

. For the fol]owing pairs of alloys that are coupled in seawater, which pair of
stainless steel (s.s) will corrode (a) s.s vs iron (b) s.s vs aluminum (c) s.s vs

o]

magmisum (d) s.s vs brass

- In cathodic protection, the sacrificial anode usually used is (&) Mg (b) Cu (c) stainless
steel (d) Inconel

. The band gap of a semiconductor such as Si is about (a) 8.0 ev (b) 6.0 ev (c}4.0ev
(d) 1.0ev

. The diode of p-n junction is an electronic device that allows the current to flow in
(a) four (b) three (c) two (d) one direction(s).
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6. (a)MgAL:Q« (b) BaTiO; (c) ALO; (d) NaCl is piezoelectric material which is utilized
in translucers.

. The material having the highest thermal conductivity 1s (a)Al (b) Cu (c) Au (d)
diamond,

. Diamagnetism is (a) very strong (b) strong (c) weak (d) very weak form of
magnetism.

9. The net spin moment of Fe™* jon has (a) 2 (b) 3 (c) 4 (d) 5 Bohr magnetons.

10. SmCosis a (a) soft (b) medium (c) hard (d) rare magnet.
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11. Please select the right equation of Gibbs phase rule.
Assume P is the number of phase present.
F 1s the number of degree of freedom
C is the number of components
N is the number of noncompositional variables (c.g. temperature and
pressure)
(a) P-F=C-N (b) P-C=F-N (c) P+C = F+N (d) P+F = C+N
12. For solid state transformations, the fraction of transformation y is a function of
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time t as follows

y = l-exp(-kt")
where k and n are time-dependent constants for the particular reaction. The above
expression is often referred as the (a) Fick’s Law (b) Martensitic transformation (c)
Avrami equation (d) Kinetics equation

13. Steels which carbon is the prime alloying efement_ are termed (a) plane carbon
steels (b) alloy steels (c) Martensite steels (d) Bainite steels.

14« Seveﬁty of Quench” is a term often used to indicate the rate of cooling; the more
rapid the quench, the more severe the quench. Of the three most common
media-water, oil and air, which one produces the most severe quench (a) water (b) oil
(c) air (d) same. ,

15. A fabrication process whereby a totaﬂix molten metal is poured into a mold cavity
having the desired shape is called (a) casting (b) rolling (c) sintering (d) annealing.

16. Please select one property that might exist with a steel weld that was cooled rapidly.
(a) very corrosive {b) very brittle (¢) very ductile (d) very soft.

17. One type of defect involves a cation-vacancy and a cation-interstitial is called a

(a) Frenkel defect (b) Schottky defect (c) stacking fault (d) twin plane.

18. Which one of the following has a very strong covalent bondin £ (2)MgO (b) Si0,
(¢)NaCl (d) Diamond. '

19. A state for ionic compounds wherein there is the exact ratio of cations to anions as
predicted by the chemical formula is calied (a) neutrality (b) tetragonal (©
octahedral (d) stoichiometry.

20. If the ethylene gas is subjected catalytically to appropriate conditions of
temperature and pressure, it will transform to () polypropylene (b) polyvinyl
chloride (c) polyethylene (d) Alde hydes.

21. Appreciable quantities of a solute may be accommodated in the substitutional type
of solid solution only when the difference in atomic radii berween the two atom
types is less than about:

(@+10%  (b)+15% () 320% (d)+25 %
22. The volume of an FCC unit cell in terms of the atomic radius R is:
(8} 14R°/2 () 14R*/ 3 (c) 16R/ 2 (d) 16R>/ 3
23. The unit cell geometry of Orthorhombic crystal system is:
{a) a=b+#c, a=HF=y=00° (bya=b=c, a=F=y %50
() atb#c, a+ L+ y 90" (d)atbe, a=7=90"# 4

24. The relationship between the grain size number (n) and the average number of

grains per square inch at a magnification of 100y N jc-
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25. The modulus of resilience, Ur, =
@ (0 M2E) (B)(0WRE) () Qo HE) (d) (g ,)(QEY

26. The relationship between true stress (¢ 1), true strain { € 1), engineering stress ( 7 )

and engineering strain ( £ } is:
(@ e=1/In{lte7) (b) er=VIn(l+¢)
{c) e=In(l+e7) {(d) er=In(l+e&)

27. The slip systems for FCC is:

(a) {111} <100> (b) {100} <111> (c) {110} <11l> (d) {1113} <110> .

28. If it is assumed that an internal crack is similar to an clhptlcal hole through a plate,
and is oriented perpendicular to the applied stress, the maximum stress occurs at the
crack tip and may be approximated by { ¢ ,: normal applied tensile stress; o:
radius of curvature of the crack tip; a: half the length of the internal crack):

@ oo/ @p) (b)) 0o/ (2/p) '
© o @2p0) (@ 204 (@p)

29. If it is assumed that an internal crack is similar to an elliptical hole through a plate,
and is oriented perpendicular to the applied stress, the critical stress required for
crack propagation in a brittle material is (E: modulus of elasticity; 7 : specific
surface energy; a: one half the length of the internal crack):

@ VQEy/ma) () v/ (Ev/na)
© Y EyR2ra @2/ (Er/ra)

30. Steady-state creep rate can be expressed as a function of stress and temperature as
shown below (K and n are material constants; Q, is activation energy for creep):

(@) Ko exp(-Q/RT) () Ko "exp(-Q/(2RT))

(©) Ko "exp(-Q/RT) (@) Ko "exp(-Q/(2RT)

31. The rod ABCD is made of an aluminum alloy for which E=70GPa. For the loading
shown, and neglecting the weight of the rod, determine the deflection of point B ?
(2)0.791 (b)0.983 (c)5.71 (d)12.53 mm. (shown in Fig. 1.)

(3% 0 47 A7 0 B % s b 4 25D
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Fig. 1.
32. The length of the 2-mm-diameter steel wire CD hﬁs been adjusted so that with no
load applied, a gap of 1.5mm exists between the end B of the rigid beam 4CB and a
contact point E. Knowing that E=200GPa, detertnine where a 20-kg block should

be placed on the beam in order to cause contact between B and £? (shown in F ig.
2.)  (2)0.307 (b)0.093 (c)31.25 (d)92.6 mm.

5*?‘7 |
| U.25m
T
c 2tkg | g
M_L
/ ;I“’T

1.5mm

0.32m

LI AT
Fig. 2

33. A slightly tapered bar 4B circular cross section and length 3.0m is supported at B
and subjected to a tensile load 78.54kN at the free end 4, the diameters of the bar at
ends 4 and B are 20mm and 30mum, respectively. If the elongation of the bar due to
the load is Smm, find modulus of elasticity £ of the bar. (2)210Gpa (b)140Gpa
(c)100Gpa {d)70Gpa

34. A rigid bar BD is supported by a pin support at B and by two wires attached at C
and D (see figure). The wires are identical except for length and are just taut (but
free from stress) before the load P is applied. Find the tensile forces T, and 7
produced in the wires by a load P=5000N. (shown in Fig. 3.)

(a)Tc=5.36kN, Tg=5.15kN (b) Tc=3.24kN,T4=7.58kN (c) T~493N,T;=761N (d)
Te=127N,T4=761N
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35, The composite bar shown in Fig. P-13 is fimmly attached to unyielding supports.
An axial load P=200kN is applicd at 20C. Find the stress in aluminum at 60°C.
Assume ¢=11.7um/(m-"C) for steel and 23.0um/(m-"C) for aluminum. { shown in
Fig. 4.}

(@) 7 =181MPa (b) ¢ ;=81.2MPa (¢} & ,=18.7MPa (d) & ,=OMPa

200 mm -=—t—— 300 mm i’

1T I
e T
-] Aluminum Sreel )

E=70x10°Nm® £ = 200 « 10°Nim?
A = K} mm? A — 1200 mm?

Fig. 4

36. Each cable has a cross-sectional area of 100mm” and is made of an elastoplastic
material for which 6,=320Mpa and £=200Gpa. A force O is applied at C to the
rigid bar ABC and is increased gradually from 0 to 45 kN and then reduced to zero.
Knowing that the cables were initially taut, determine the final deflection of point C.
(Hini : In part ¢, cable CE is not taut.) { shown in Fig. 5)
(2)10.33 mm (b)8.25 om (¢)5.20 mm (d)0 Em

| O

Wo : Elav'—-

L 0
I m——p=——oj m‘——l

Fig. 5

37. The steel rod ACB is attached to rigid supports and is unstressed at a temperature

(F @548 A e 5%)
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of 20°C. The steel is assumed elastoplastic with 6y=250Mpa and E=200Gpa.The
‘temperature of both portions of the rod is then raised to 120°C . Knowing that
a=11.7x10"/°C), determine the deflection of point C. (shown inFig 6.)

(2) 46.2 ym<—(b) 46.2 um — () 93.0 gm<— (d)93.0 rrr>.

A=450mm?2 A = B00wmm?

r
i
400
Fig. 6

38. Construct the moment diagram for the two beams loaded as shown and connected
by the hinge joint at B. Specify the bending moment at A.  (shown in Fig. 7.)
(@)Ma=— 16kN-m (b) (A)M=— 32kN-m (c)Ma=—48kN-m (d)M,=— 64kN-m.

39. A symmetric five-bar truss is loaded by a vertical force P applied at joint F (see
figure). All bars have the same length L, same cross-sectional area 4, and same
modulus of elasticity E. Determine the deflection 6 of joint D ( shown in Fig, 8.)

e PLo s (PL s PL
()5- (b) 6, = (c) &, 3AE(d)5p

AE J34E
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40. For the loading showninFig. 9 if o.=— g.’determine the volume strain

-2V 1+2V

iy |
(a)z1 2V Tx (¢)—=2 g. (d)0-

T«

Fig. 9
41. An element of a material is subjected to a biaxial stress state of ¢, andgy in x
and y direction, respectively. It is false that:
@ex # 0,(b) ey # 0,(c) €,=0,(d) 74 * 0 _
where o ; is the normal stress in z direction, £ x, £ y and ¢, are the normal
strains in X, y and z directions, respectively. T yy is the shear strain in x-y plane.
42. A 100,000 Ib; axial load is applied to a 1 x 4 x 90-in. rectangular bar, When loaded,
the length has increased 0.09 in. Determine the modulus of elasticity.
(a) 10,000 ks, (b) 15,000 ksi, {(c) 17,500 ksi, (d) 25,000 ksi
43. For isotropic material, which of the following expression for shear stress is
correct?

@ 7, = £

tv) 2(1{5: ),(c) T, =1y (d 7, =2E(1+v)

where E and v are Young’s modulus and Poisson’s ratio, respectively.

44. At the proportional limit, a 200-mm gage length of a 15-mm diameter alloy bar
has elongated 0.90 mm and the diameter has been reduced 0.022 mm. The axial
load carried was 62.6 kN. Determine the Poisson’s ratio.

(a) 0.326, (b) 0.30, (c) 0.284, (d) 0.35

45. The area under theentire stress-strain curve from zero to rupture give the proprety

known as the (a) tensile strength (b} modulus of resilience (c) modulus of toughness

(d) rupture strength

O 7, =

46. The maximum strain energy per unit volume that a material will absorb without
inelastic deformation and is the area under the straight-line portion of the _
stress-strain diagram is defined as the (2) yield strength (b) modulus of resilience (c)
modulus of toughness (d) proof stress

47. In region of support and load application, the stress distribution varies from the
normal value. Although localized distortions in such regions produced stress
distributions different from the theoretical distributions, these localized effects
disappear at some distance from such location. Abovementioned statement is

(3 @ 34 B s R AER)
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known as (a) Mohr’s (b) Hooke’s (¢) Saint-Venant’s (d) Young’s

48. Stress concentration in the case of static loading is not significant because the
material will yield inelastically in the region of high stress and, with the accompany
redistribution of stress, the material should have excellent (a) ultimate tensﬂe
strength (b) ductility (c) impact absorb energy (d) toughness

49. A solid circular stee! is supported at the top end and fitted with a loading flange at
th bottom, then a weight collar can slide freely on the rod. When the wei ght collar
dropped from very limit height(h=0), compare to the static load under an identical
condition, the value of weight will be (a) same (b) 1.5 times (c) 2 times (d) 3times

50. Although no body is perfectly rigid. Most en gineering structures and machines are
designed stiff, the solution of the equilibrium equations treats the structure as
though it were regid. A regid body is in equilibrium when the resultant of the vector
sum and the vector sum of the moment of the external force acting on the body is (a)

0 1(c)2(@@3

51. A material loaded in one direction will undergo strains perpendicular to the
direction of the load in addition to these parallel the load. The ratio of the lateral or
perpendicular strain to the longitudinal or axial strain is called {(a) strain energy
(b) elongation (¢) Poission’s ratio (d) Modunlus of elasticity

52. An allowable stress is defined as the maximum stress permitted in the desi en
computation. The factor of safety(FS) may be defined as the ratio of the strength of
the material to the maximum computed stress. It is customary to desi gn for the load
required to produce failure, which is large then the estimated actual load, because
most design problem involve (a) unknown variables (b) cost (c) afterservice
(d) market

53. The strength of a structural member acted on by an axial load was directly
proportional to the magnitude of the load applied to the member. The initial portion
of the stress-strain diagram for most materials used in the engineering structures is
a straight line and is present by (a) Secant formular (b) Hooke’s law {c) Saint-
Venant’s principle (d) Euler’s formular

54. Columns are long, straight, prismatic bar subjected to compressive loads. As long
as a column remain straight, it can be analized as an axially load member, however,
if a column begins to deform laterally, the deflection may become large and
catastrophic failure called (a) buckling (b) bending (c) compression {(d) shearing

55. A useful pictorial or graphic interpretation of the transformation equations for
plane stress, involves the construction of a circle in spch a manner that the
coordinates, of each point represent the normal and shearing stresses on the plane
through the stress point. This representation, commonly called (a) stress
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concentration diagram (b) Mohr’s diagram {c) Mohr’s circle (d) Mohr’s distribution

56. In the simplest qualitative terms, stress is the intensity of force. A body must be
able to withstand the intensity of an internat force, if not, the body may rupture or
deform excessively. Force inténsity is force divided by the (a) volume (b) weight
(c) area (d} length

57. Loads applied to a structure or machine are generally transmitted to the individual
members through connections which use rivet, bolt, pins, or welds. In all of these
connections, one of the most significant stresses induced is a (2) tensile stress
(b) bending stress (c) shearing stress (d) compression stress

58. Laboratory experiments indicate that both normal and shearing stresses under
axial loading are important because a brittle material loaded in tension will fail in
tension on a transverse plane, whereas a ductile material loaded in tensile will fail
in shear on a (a) 30 degree (b) 45 degree (c) 60 degree (d) 75 degree plane

59. Wher the motion of a body is changed, the force necessary to produce this
acceleration is called a dynamic force or load. A suddenly applied load is also
called an impact load. Under impact loading if there is elastic action, until equilium
is established the load system will (a) elongate (b) deform (c) swing (d) vibrate

60. The property indicating the resistance of a material to failure by creep is known as
the creep limit and is define as the maximum stress for which the plastic strain will
not exceed a specified amount. The creep limit is important when designing parts to
be fabricated will be subjected to (a) high loading (b) high temperature (c) high
strain (d) high stress

(Ba A8 H s Es)
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1. Let

L e’ for . xz20
F(x)= {e" Jor x<0

Find the Fourier integral for f(x). (5 points)

2. Solve the wave equation with zero initial displacement;

2 o2 .
i—;"ng;" (0<x<L,1>0),
_ 74
y(0,0)=y(Z,H)=0 (>0,
y(x,0)=0 (0<x <L),
%:—(x,O) =&(x) (0 <x<). {5 points)

3. Find the integral 1= L: sin2xcosxdx. (S points)

4. A and B are square matrices of the same size. Show that, in general, the matrix

product (A + B)2 =A242AB+B2. (5 points)

5. Consider a nuclear fuel element of spherical form as shown below. It consists of a
sphere of fissionable material with radius R‘F), surrounded by a spherical shell of
aluminum cladding with outer radius R. Inside the fuel element fission
fragments are produced which have very high kinetic energies. Collisions between
the fragments and the atoms of the fissionable material provide the major source
of the thermal energy in the reactor. Such a volume source of thermal energy
resulting from nuclear fusion we call Sn (cal / ¢cm® sec). This source will not be
uniform throughout the sphere of fissionable material; it will be the smallest at the
cell of the sphere. It is known that the source can be approximated by a simple

parabolic function:

Sn = Sno[l 4 b(RfH ){f

Here Sno is the volume rate of heat production at the center of the sphere and bis a

dimensionless constant between 0 and 1. Assume that the governing differential
equations for the heat fluxes in the fissionable fissionable sphere and the aluminum
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cladding are as follows:

d T (F w{ r 2
~(r'g, )=5Snor |1+ b(—=)
dr( 4. ") (R‘“)J

And
d ik (C)
Z (g =0
dr (rg,”
The boundary conditions are as follows:

At r=0, ¢ isnotinfinite, atr=RP, =4

r

Please find the heat flux profile in the fissionable sphere. (5 poinis})

Temperaturs distribution In & ipheriesi Hudear fusé ey,

6. The system description is the same as in Question 5. Please find the heat flux
profile in the aluminum cladding. (5 points)






