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11. Forthereaction 2A + B —

the following mechanism is proposed:

L

Step 1: A+B = D fast equilibrium
Step 2: D+B — E
Step 3: E+A — C+B

If step 2 is the rate-determining step, the rate of formation of C should equal
(AYKA] (B)A{AJ[B] (C)HAI[BI* (D)AAI[B] (E)4[A][BY’

12. Two rate constants ; and &7 have exactly the same value at 300.0 K. The activation energy for &; is 50.0
kJ/mol and for & is 100.0 kJ/mol. What is the ratio of the frequency factors A to A, for the two rate
constants? (A)1.02 (B)0.980 (C)5.05x10° (D)1.97x10™° (F) none of above

13. Which statement regarding water is TRUE?

(A) Energy must be given off to break down the crystal lattice of ice to a liquid.
(B) Hydrogen bonds are stronger than covalent bonds.
(C) Liquad water 1s less dense than solid water.
(D) Only covalent bonds are broken when ice melts.
(E) none of above
14. Which statement is FALSE?

(A) The binding forces in a molecular solid include London dispersion forces.
(B) Molecutar solids have high melting points.
(C) Ionic solids are insulators.
(D) Ionic solids have high melting points,
(E) None of above
15. To calculate the freezing point of an ideal dilute solution of a single , nondissociating solute in a solvent,

the minimum information is
(A) the molality (of the solute).

{B) the molality (of the solute) and the freezing point depression constant of the solvent,
(C) the quantities in (B) and the freezing point of pure solvent.
(D) the quantities in (C) and the molecular weight of the solute.
(E) the quantities in (C) and the weight of the sovent.
16. Choose the species with the greatest bond strength.
A F, (B)Cl, (C)Br, (D)1 (E)all the same
17. The complex ions of Zn®' are all colorless. Which is the most likely explanation?
(A) Zn*" is not a transition metal ion, |
(B) Zn*" is paramagnetic.
(C) Zn** exhibits d orbital splittings in its complexes that absorb all wavelengths in the visible region,
(D) Since Zn** isad'® ion, it does not absorb visible light even though d orbital splitting are correct for

absorbing visible wavelengths.
(E) none of above,
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18. The half-life of the Cs-131 nuclide is 30 years. After 90 years, about 6 g remains. The original mass of the
Cs-131 sample is closest to (A) 80 g (B) 70 g (O) 60 g (D) 50 g (E) 40 ¢

19. Substances with the same molecular formula but with different structures are
(A) polymers. (B)esters. (C)isomers. (D) isotoples. (E)dimers,

20. Nylonisa (A)copolymer. (B) Homopolymer. (C)dimer. (D)two of these. (E) none of these.
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A=l ! 21-23
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21. A 7 eigenvalue

A)0  (B)! (C)l%@— et LAt e

22. ¥HE 2 eigenvector B
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1) (-1 ) 1 )
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N 2 N 2 ) \ 2
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24. F(x,y,2)=| xz° +e” | » H potential function &
k2xyz+1 )

(A) X*Vz—x+e+z  (B) xyzixte ¥z (C) xPyz-x+e'+z (D) xX*yz—x+eV+z  (E) xyz’—x+e'+z
25, ZRHE » V » F=7

(A) X’y z—xtetz  (B) xyZ—xt+e ¥z (C) e'4+2yz (D) e*+2x2 (E) e“+2xy
20.BKEEFE x = rsinb cosgd, y=rsindsing, z=rcosh » F5EHEMES /A 5bE
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28, V= mf - ylz —dvdydz - M {8 ZERHEE - ERBOy T E ¢ 3< Jxt+yr ezt <6 Hil
M
V=2 (A)lon  ®B)llx (O 12r  (D)13n  (E) l4n

20. 7%, zEBER s z=9

(A) 2% cos =2+ isin —— (B) 2" cos 1% +isin % (C) 2! cusw—ﬂ-q-fsinm_ﬁ]
16 16 16 16 10 16

(D) 2" cos 2%+ isin _%j{r_} (E) z”"'[cusﬁ’h i sin 33{1
16 16 16 16

dz
30.
(é_[(z - 2f)sin z

¢ |z~-8i=1

2mi

(A) -1*%(12..1) (B) —4ni ©2ni (D) (E)0
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31. Find the values of 7 (in mAY) and V (in volts) for the circuit shown in Fig. 31(a), Assume that both diodes
are identical and their volt-amperc characteristic is shown in Fig. 31(b).
(A)1.67;3.93 (B)44;,-5 (C)5 006 (D)5 -10 (E)S50

2kQ =
5 mA ™ + = 5V 6V
" C) IiSZ i t eV Vp
- .
*—+f]
(2) (b)
Fig. 31

32. Find the value of 7 for the circuit shown in Fig. 32, assuming both Zener diodes are ideal with the
breakdown voltages shown. (A)3 (B)5S ()0 (D)3.33 (B)2

T e I 5
2KQ = -
o . o R
SmA/T LA Vin {I)C"D ZS _ Vout (f)
6 v\SZJ," ¥ SAVY/ 5V =

8V ! N

oS ® T o
Fig. 32 Fig. 33

33. Consider the circuit shown in Fig. 33.  Assume the capacitor is large enough so that the voltage across it
does not discharge through R appreciably during one cycle of input, What is the steady-state output
voltage v, (f) if vi,(f) = 4sin{mt). Allow a 0.6-V forward drop for the diodes.
(A)-6 (B)4sinfwt)-6 (C)4sin{wt) (D) 4sin{ot) +2 (E)-5
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34. For the circuit shown in Fig. 34, find the value of v, for v; = 4.65 V. Allow a 0.7-V forward drop for
each conducting diode. (A)5V (B)I10V (C)0V (D)4.65V (E)9.3V

N +10V
10kQ =

-10V
Fig. 34

35. Find the dc Q-point collector current Icq for the circuit shown in Fig. 35-37.
(AYSmA (B)ISmA (C)7.07mA (D) 1.3mA (E) 6.41 mA

d HI5V A= 100
= RI Ver =07V
I ” Rl =R2=10kQ
1kO + '\‘L T Neglect »,, and assume all
1"’: Vin TR =1 kO " fSﬂDQ
.% v,
Iig. 35-37

36. Find the voltage gain A, = v,/v;, for the amplifier shown in Fig. 35-37.
(A)l (B)-82.22 (C)0.988 (D)0.996 (F)8§2.22

37. If the resister R2 is removed from the circuit of Fig. 35-37, find the dc Q-point collector current Iep again.
(A)15mA (B)1288mA (C)13mA (D)143mA (E)1.37mA

38. Assume the OP amps in the circuit of Fig. 38 are ideal. Analyze the circuits to find the values of v, and
vz {both in volts).

(A)-12;-4 (B)2;-2 (C)-2;-4 (D)2;-4 (E)-2:2
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Fig. 38
39. Determine the minimum SOP expression for the logic function
F=AB+ ABCD+ ACD + ABC + AB+ ABC + BCD + ABCD,
(AYB+BC+BC (B) A+CD (C)1 (D) CD+A4D (E)A+ACD
40. Find the minimum SOP expression for the output of the logic circuit of Fig. 40.
(A)A (BB (COOC (D)ABC (E)AB+C

p P

Fig. 40

w2

41, Inreversible, adiabatic expansion of an ideal gas

(A)AH > 0 (B)AH < 0 (C)AS > 0 (D)AG > 0 (B)AG < 0
42. Pure solid metal is melted isothermally and isobarically at 1 atm, and at its equilibrium melting
temperature.  Which of the statement is right
(A)AH=0 (B)AH > 0 (C)AS < 0 (D)AG < 0 (E)AG > 0
43. For supercooled pure liquid metal frozen isothermally and isobarically at a temperature 25 C below its
equilibrivm melting point, which of the statement is right?
(A)AH > 0 (B)AH < 0 (CYAS > 0 (D)AG=0 ([E)AG > 0
44. A block of solid metal initially at 900°C is quenched in cold water at constant P=1 atm. The change of
entropy is (A)AS=0 (B)AS < 0 (C)AS > 0 (D)AS = 0 (E) Impossible to tell

45. An endothermic chemical reaction occurs spontaneously within an adiabatic, isobaric systemn. The change
of Gibbs free energy is

(AYAG > 0 (B)AG < 0 (C)AG=0 (D)AG = 0 (E)Impossible to tell
46. A 10 at.% solution of carbon in iron at 1560°C has an activity of 0.178 referred to the graphite standard
state. The activity coefficient referred to graphite standard state is

(A)0.178 (B)1 (C)37.8 (D)0.568 (E)1.78
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Consider a simplified Pb-O-C system with the following possible solid phase: Pb, PbCO4, PbO, Pb;0,CO;
and a gas phase containing CO and CO; at 400 K, the degree of freedom for an area (one solid + gas) in the
phase stabilityis (A)1 (B)0 (CO)4 (D)3 (E)2

For Aw: C, =23.7+519x10° T J/ moleK, a=4.26x 10”° /K, p = 19.3 glem’, M.W. = 197.

For an initial state of T = 298K, p = 1 atm, the pressure you have to apply to gold at constant temperature in
order to increase its molar enthalpy by 1 Jis

(A) ~400atm (B) ~2000atm (C)1.98x10°atm (D) 198 atm (E) 1.98 atm
Use the same parameters in Prob. #48, to what temperature would you have to heat gold at constant
pressure in order to raise its molar enthalpy by 1]

(A) ~1724K (B) ~1035K (C)273K (D)297.21K (E)298.04K

Same as Prob.#49, what pressure would you have to apply to Au at 298K in order to decrease its molar
entropy by 1 J/K?

(A)latm (B)10atm (C)106atm (D)213atm (E)22715 atm

YRS
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55. =

R G & (high-strength low-alloy stee)HE5R Hi(interphase precipitation)Bi g » F ERAKE
(A)fce BRHIRIA IR BB IR IR T (B)fec SRAVIBARRRLL boe SRS/ NC)fce SRITTRIAIF R
bec BZRIG R (D)bee EEHTITART BLBRVR B RS T

(E)LA B3k

FFHLERSL RN hop K5RE » (ESFSZHI{HIRS - 58 4 I8 FL (L (deformation twinning) ; TRENE 2R
WA SES  HERE

(Adhcp EFERRRITY o/a LLAHIEOR (Bdhep $E5EERY ofa LLfHR/ N

(CYe e N s (e (D) ity B it R A (B)YSk o iR Rz {ef

NHHAE A A AR {L (martensitic transformation) /A E7 1R ?

(AFEME TR (athermal) (L, (B)EEHBSLEHHE (habit plane) (C)FEMMEEATMMEL, (D)YIRRTER (B)
g AL AR

MRS R R B ) R (bainite ) FH MY S i 2R ik (pearlite) ML 2H

(AHIRIME BN (OB S ST RERT T

(DMBLEBE R (F) DA LEIE

SR RELE SR A572MPa, 2.8 ¢ T:900MPa, 4.5 ; S:1400MPa, 8.0 o H =8« LLyR
(specific strength) A /NG
(AJA>T>S  (B)A>S>T (O)T>A>S (D) T>S>A (B)S>T>A

56. THIiE 55 (fatigue) B 22 miH P » WE—IE AR B EE TSR 2

(A)EETE(polished)®  (BYfiiik(granulan)fl  (CMEHR(clamshel)E B
(D& ELFE A (extrusion and intrusion)  (E)K{EEFEH (persistent slip bands)

57. PR ReGTRPRI R 55 (fatigue) P B 44T 7

(AR IEEB M FEYN(inclusion) (BUENER A REHGEE OFERBYEEREE ST OEIRS
HlEH S(martensite) 12K (tempering) (B} ERE
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58. LIFSRERHE K (compact tensile specimen)ll BB M: (fracture toughness) » 155 4 A BE 2 B
F(crack opening displacement){fij*# i %[Hﬁ&tﬂ 2 SOON » 2 1% BHaE Ml - 2] S80N Z28RFIé: -
FREER) S60N Wi AREL » RIBFFMH LT » B 650N SR Y » T Kk ; A LAHIE SRR
1 5% — B R » FEATHD S8ON | 560N 35 Fythssny - » HIIFELAE— ST A BT ST+ E 0
9
(AYS0ON (B)S60N (C)STON (D)S8ON (E)65ON

59. SRR R (log da/dN) » [ERE S8k T B (stress-intensity factor increment, log AK Y36 f i B e —
RS

(A)FCH/ R > S IBA ELE R R — EIE - PR/ R
(B)/CHBU/ MR - BBBR R ER R — B » R AR
(C)FBARHR » BREHR/NE TR R — B - PR/ NG
(DYCBARIR - BB NE E PR — EYHE - E AR
(B)1—&

e

o

60. FEMISHBLT, » {111)<110>E—@Hi(simple glide)7E 8 (creep) i (L HEREIELEE T A E T » #$ERLE 0-400 K

Fs 14.2 k) 1 650-750 K £ 117 kJ ; 800-900 K £ 149 kJ o Rl =TS RE 3 FERY A AR L T RE BT
(AV B Z TR 8 (cross-slip) ; HBR ZHEA il (intersection) § 2518 238 HE T (climb)
(B) (IR E 2P GRS RS © s s g
(OER RS PR SH R B RE s g
(DY EIRZE =  PERE RS SRR Xk
(E) B REHERL S BRI R B e
LA
61 Which statement is NOT correct? (A)Phonons obey Bose-Einstein distribution {B) free clectrons in a

metal obey Fermi-Dirac distribution  (C) Molecules of a gas obey Maxwell-Boltzmann distribution

(D)Photons obey Fermi-Dirac distribution  (E) liquid helium at low temperature obey Bose-Einstein
distribution

62 Which statement is NOT correct for the specific heat at constant volume?

(A) C=3R for Pb at room temperature (B) C,<3R for diamond at room temperature () electrons in
metal contribute significantly to C, at room temperature (D) At low temperatures, C, decreases with
decreasing temperature.  (E) Einstein’s formula of specific heat approaches 3R when hv>>kT,

63 What is the average electron energy at T=0K in metals? (A)03gr (B)0Ser (C)0.6g (D)0.8¢gs
(E) & (eris the Fermi energy)

64 Which metal has the highest Fermi energy? (A)Li (B)Na (C)K (D)Al (E)Cs

65 The structure of a tunneling junction is metal/insulator/metal. Which statement is correct for the tunneling
current 1?7 (A) I increases with increasing the barrier height of insulator. (B) I only depends on the

resistivity of metals.  (C) I increases with increasing the thickness of metals. (D)} I decreases with the
thickness of metal. (E) I decreases with increasing the thickness of insulator.

66 What is the relationship between the electron energy E and its density of state Z(E)?  Z(E) is proportional
to (A)E” (B)E (OE' (D)E* (B)E™
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67 Consider a system with Fermi energy Er.  For what temperature is the number of electrons at 0.5 Ep equal
to 90% of the zero-temperature number at 0.5 Eg?  (hint: In(0.11) = -2.2, k: Boltzmann constant)
(A)OA46Er/k (B)023Er/k (C)2Er/k (D)5Ex/k (B)Er/k

68 When a particle is confined in a 1-D box with the dimension L, what is the expected value of the
momentum. (A)8L° (BM4L (C)9L° (D)0 (E)27L

69 The resistivity of Cu is 1.72x107°. Estimate the mean free path / between collisions of the free electrons in
Cu. (the free electron density in Cu = 8.48%x10°® m?, and the Fermi velocity 1s 1.57x 10° m/s, electron mass =
9.11x107" kg and its charge = 1.6x107°C) (A)38 nm  (B) 380nm (C) 3nm (D)3000nm (E) 0.38 nm

70 The boundary of the first Brillouin zone of a two-dimensional square lattice with dimension a occurs at k =
(A)wm/3a (B)m/2a (C)n/a (D)n/da (B)=x

=L e

71. Which of the following compounds is the most stable diene?

SN CEN CRNC ARG

72. Which of the following is not an aromatic compound?
a) Q b) ) o D €)
2 ()
O

73. Which of the following is the best method for preparing CH;Br?
(A) CHOH+HBr  (B) CH;OH + NaBr (C) CH;OH+Br; (D) CH;OH + Br~  (E) CH;0H + Br'
74. Absorption of UV-visible energy by a molecule results in:

{A) vibrational transitions (B) electronic transitions (C) rotational transitions
(D) electron spin transitions  (E) nuclear spin transitions

75. What m/z value would you predict for the most stable fragment peak in the mass spectrum of
4-cthytheptane? (A) 128 (B)127 (C)113 (D)99 (B) 85

76. Which of the following compounds gives the highest chemical shift in the "H NMR spectrum?

a) b) c) d) €)
O Q (CH;3);N (CH3),C (CH,),Si

77. Which is the best method for carrying out the following reaction?

COOH
0 —
NO,

(A) "COOH; then HNO:/H,;80,
(B) CH3CVl/AICy; then HNO3/H,8Q4; then KMnO4/H, heat
(C) CH;CVAICIs; then KMnO4/H', heat; then HNO,/H,SO,
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(D) HNO3/H,3S04; then CH3CI/AICIS; then KMnQ4/H, heat
(E) CO/AICI; then NaOH, heat; then HNO3/H»SO;4
78. Which of the following monomers is least likely to undergo cationic polymerization?
(A) Propylene  (B) Isobutylene (C) Styrene (D) Vinyl acetate (E) Methyl acrylate
79. When (R)-2-butanol is treated with toluenesulfonyl chloride in pyridine, the product will be
(A) an achiral compound (B) a mixture of diastereomers (C) a racemic mixture
(D) a single enantiomer (E) an epimer
80. When dipentyl ether is treated with excess HI, through what type of mechanism does the major product
result? (A)Snyl (B)Sy2 (O)Syi (D)E1 (E)E2

THNE

An element in plane stress at the surface of a large machine is subjected to stresses &, = 15,000 psi, oy = 9,000

psi, Txy = 4,000 psi. Using Mohr’s circle to solve the problem. The Mohr’s circle is defined as Txlyl 1S positive
downward and the angle 26 is positive counterclockwise. (81-83)

Y

4 9.000 psi

4,000 psi

=t
o -
l 0 15,000 psi *

81. The coordinate of center of Mohr’s circle is  (A) (0 psi, 12,000 psi), (B) (12,000 psi, 0 psi),

(C) (12,000 psi, 4,000 psi), (D) (6,000 psi, 4,000 psi), (E) (3,000 psi, 4,000 psi),
82. The radius of the circle is  (A) 3,000 psi, (B) 4,000 psi, (C) 5,000 psi, (D) 6,000 psi, (E) 9,000 psi.
83. The maximum normal stress in the elementis  (A) 14,000 psi, (B)15,000 psi, (C) 16,000 psi,

(D) 17,000 psi, (E) 18,000 psi,

A cantilever beam is subjected to a distributed load and a concentrated load, as shown in the figure. (84-85)

84. The maximum shear-force in the beamis (A)4kN, (B)9kN, (C)14kN, (D)I19kN, (E) 24 kN
85. The maximum bending-moment in the beam is  (A) 9 kN-m, counterclockwise, (B) 10 kN-m,
counterclockwise, (C} 10 kN-m, clockwise, (D) 12 kN-m, counterclockwise, (E) 12 kN-m, clockwise
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1

A prismatic bar AB, fixed at one end and free at the other. The bar with the length of L, shear modulus of

elasticity G, and radius of t, is subjected to pure torsion under the action of a torque 2T, When the load is

applied statically, the bar twists and the free end rotates through an angle ¢.  (86-87)

86. The strain energy of the baris (A) 4T2LAGnrY), (B) 2T2LAGwt"), (C) T’LI(Gmt®), (D) 2T°L*(Gnr®),
(E) 4T?L*H(Gmr™

87. The angle of twist is (A) 4TLAGnY), (B) 2TLAGm"), (C) TLAGm®), (D) TLAGnr’), (E) 4TLA(Gnr’)

A prismatic bar of length L and cross-sectional area A supports two concentrated loads Py and P;, as shown in
the figure. The material of the bar is a homogeneous material with isotropic property. (88-89)

88. The displacement 8y of the lower end of the bar under the load Py alone is  (A) 2P,L/AEA),
(B) P,L/(3EA), (C)3P.L/(2EA), (D)P.LAEA), (E)2P,L/3EA)

89. In order to maintain its original length, what the relationship between Py and P
(A)2P; =P, (B)P,=2P; (C)P; =3P, (D)}3Pi=P; (E)P1=P

90, Which statement listed in the following is wrong for a homogeneous and isotropic material

(A) allowable stress is yield strength divided by factor of safety,

(B) factor of safety is defined as actual strength divided by required strength,

(C) no thermal stresses will develop when the temperature change is uniform throughout the structure,

(D) in order to have uniform tension or compression in a prismatic bar, the axial force must act through the
centroid of the cross-sectional area,

(E) Poisson’s ratio is defined as the ratio of lateral strain to the axial strain and it is always positive.




