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11. Predict the molecular geometry of XeF,
{(a) tetrahedral (b) square planar (c) trigonal pyramidal (d) octahedral (e) trigonal bipyramidal

12. Without doing detailed calculation, arrange aqueous solutions with the following concentrations in the order
of increasing mass percent of solute. (a) 1% by mass; (b) 1 mg solute/dL solution; (c) 1 ppb; (d) 1 ppm; (&) |
1 ppt. '
(a) b<ec<a<e<d (b) e<c<d<a<b (c) c<d<a<b<e (d) a<b<c<d<e (g)e<c<d<b<a

13. Arrange the set of the following aqueous solutions in order of the increasing freezing points.
(a) 0.1 m glucose (CgH;20%) (b) 0.1 m CaCl; (c) 0.1 m CH:;COOH (d) 0.1 m KI
(a) d<b<c<a (b) b<d<a<c (c) b<d<c<a (d) a<b<c<d (e) a<c<d<b

14. The following is the proposed as a plausible reaction mechanism
A+ B — 1 (slow)
[ + B — C + D (fast)
What is a plausible rate law for the reaction
() Rate=AA][B] (b) Rate=#A]{BI" (c)Rate=KkA][2B]
(d) Rate=4[B][I] (e) R=KA][B)[C]D]

15. In the reaction C(s) + Spimy = CBa. Kp=5.6 at 1009°C. If, at equilibrium, Pcs;=0.152 atm, what
must be P,
(a) 3684 (b) 0B85 (c) 5752 (d) 0.0271 (e} 0.672

16, Arrange the set of the following aqueous solutions in order of the increasing pH values (a) 0.0025 M HCI
(b) 0.055M NaOH (c) 0,015 M Ba(OH); (d) 1.6*10”° M HBr
(a) a<d<b<c (b) a<d<e<b (c) d<a<c<b (d) d<a<b<c (e} a<b<c<d

'17. Which of the following solids are likely to be more soluble in acidic solution?

(a) LINO:; (b) BaCO: (c) CaCl: (d) CaC:04 (e¢) SrOH)
=1



18. The following reaction is -ﬁunspﬂnr;aﬁe?c:us under standard state condition at room temperature,
COCli(g) — CO(g) + Clig)
How to make it a spontaneous reaction?
(&) raise the temperature (b) lower the temperature (¢) increase pressure (d) reduce pressure (d) increase
reaction time

19, The azide 1on, Ny, 15 isoelectronic with which of the following?
() NOy (b) NO: (c) COx (d} 50: () Oy

20. Which of the following is true for the element xenon?

(a) It does not form chemical compounds

(b) It exists as the diatomic molecule Xe;

(c) It has a lower first ionization energy than Na

(d} It has an extensive chemistry

(e} It forms compounds with some electronegative elements.

TR

21. A vector field Alx,p.z) = xyi _!LL'j . ¥x A Isequal to

(@) yi-xk (b) yj-xk (c) xi-yk (d) xi-)j (e) yi-=xj

22.1f P and Q are scalar fields. A.B are vector fields, ds the line element vector, da the area element

vector, and dv the volume element, which of the following equations is INCORRECT?
(a) V- (PVQ)=VP-VO+PV'Q (b) Vx(PA)=VPxA+PVxA

(€) Vx(VxA)=V(V-A)- VA (@ _[" VP-ds=P(x,)- P(x,)

(e) f(P?EQ +QV°P)dv = :{(P?g +OVP)-da

23, A funetion f(x) defined in 0 < x < [ has a Fourier half range cosine expansion

J{x)=ay + Zan ms%ﬂi . Which of the following 1s correct?

=]

L L S BT | T R
@ag =" [, fx)de () a, =7 [[[(x)eos==dx (¢) a, =7 | f(x)cos==dx

2 L . RmX | . AAX
(d) a, wELf[x}lsm-de (e) a, —ELf{x]slnT:.{t
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24, For the eigenvalue problem 3"+ Ay =0, (0 < x < L), p{0) =0, (L) =0, the eigenvalues are 4, and the

eigenfunctions arc g, i = 1, 2,.... Which of the following is correct?

.l’ilzi'!-'1 (¥ R

{C} 'ﬁﬂ = 05— (d} ﬁrr =5inT

(a) A4, <0 (b) 4, = i I

= j:'f (x)g,(x)dx
(e} A function f{x) can be cxpanded as f{x)= Z

n=1 fﬁ-j dx

25. The Fourier transform of a function fix) is defined by F{f(x)}= ji fix)e dx

@, (x)

If f“'(x) isthe nth derivative, F{f"™(x)} isequal to

(@) @"F{f(x)} (b) () F{fx) © (-ao)"F{fx)} d) (—ie)" F{(x)}

(e} none of the above.

26. Consider the wave equation czu_u =y, W) =u(L.t)=0, u(x,0)= f{x),u(x,0)=g(x) for

0=x=<L, 0=¢. By the method of separation of variables, we have wix,f) = Z X (x)T (1), Then X (x)
.FI=|
2nax Hx

05—
(e) o=

isequalto  (a) 'sin”—f‘i T gLy msi’LE (d) cos

27. Following the above problem, it 1s known that T, (1) = A_ cos E-?-gi + B, sin ”Tm Then

2 L . M 2l . 2nmx
4, == —dv (by 4, =— elx

(a) A, LLﬁ;x}sm v (b) 4, = Lﬁ:x}sm -
2 el FF sy 2 el 2nmx

© A, =[] fx)cos==dr (@) 4,= [/ [(x)eos ==k
2L nm

(€) A EIL} J(x)eos—=dx

28. The complex function f{z)= ! can NOT be expanded into a unique Laurent series about z =7 ini

Nz-2)

the region

(a) |:r—;'|-:% ) |z-ij<l (&) |z-i]<2 (d) 1<|z=i|<v5 (&) |z=i]>5
i 4




29. On the complex z plane, let C be a closed circle centered at z = 0 with a radius of 2 and oriented

[ ¥4

(24
22 +1

counterclockwise, then C‘L dz isequalto

(a) 0 (b) 2aisint (c) —2wising (d) 2micost (e) —2micost

30. On the complex = plane, let C be the square contour 0 — 2 — 2 +2f — 2i{ — 0. The integral

A R
z? =2iz-1 s equalio

(a0 (Myxi (c)2xi (d)-mi (e)-2mi

EHE TR

31. For the circuit shown in Fig. A, let the transistor have = 100 and neglect the effect of r,. Use Vge = 0.7 "u’:g :
and assume all capacitances are infinite. What is the de Q-point collector current /rp?
(a)4.3mA (b)48mA (c)5.0mA (d)7.5mA (e)4.1mA

+15V
+10V
1 kO
=10k fm— I e 10 k0
o + 5V
son g+ ; Yo E2k0
s vy ESKO
~ @ | - L 07V _
= - = == 10V
Fig.A Fig. B

32. Find the midband value of voltage gain A, (= v,/vy) for the circuit shown in Fig. A.
(a)-105  (b)-315  {c)-127 (d)-385 (e)2

33. Find the value of # for the transistor of Fig. B.
() 78 (b)54 (c) 100 (d)26 (e)l6]




34. The transistor shown in Fig. & has #=10. Find the value of collector current.
(@) 71.5pA (b} 148mA (c)0.715mA (d) 143 mA (&) I5mA

+15V 4

200 ki) ?lkﬂ

0.7V

=l
—

35. Find the labeled node voltage ¥, in the circuit of Fig. C.
(a)2.14V (bB)-2.14V (c)245V (d)-245V (e)5V

+5V
e +5V
o Ly
5 1k} fl g
L . Z L 2
= D
100 k £2
(I)mm s
= _sv
Fig. C Fig. D Fig. E

Note: All n-MOSFETs in the circuits of Figs. C-E are identical and have ¥y, =2 V and k = 0.5 mA/V2,

36. Find the labeled node voltage V; in the circuit of Fig. D.
@3V b2V (e)365V 5V (e)-165V

37. Find the labeled node voltage ¥, in the circuit of Fig.E.
(a)-224V (b)-1.74V (©)-SV (d)5V (e)0V

38. Find the voltage and current labeled in the circuit of Fig. F, assuming an ideal op-amp.
(@) 014 V,007TmA ()1 V,0mA ()-5V,0mA (d)-5V,-3mA (e)5V,2mA

10 k2

Fig. F




39, Find the voltage gain 4, = v,/v;, and input impedance of the circuit shown in Fig. G with the switch closed.
| (@d,=-05Ru=2R (b)A=1,Ra= o (c)A,=-1,Ra= o (d)dy=1,Rn=2R (e) 4, =-0.5,
Rip=3R

40. Find the voltage gain A, = v,/vy, and input impedance of the circuit shown in Fig. G with the switch open.
(@) Ay=-05 Ru=2R (b)A,=1,Ru= 20 (c}Ay=-1,Rn= 2 (d)A=1 Ra=2R
(e} Ay =-0.5, Ry = 3R

R

4]. For a pure homogeneous substance, as T—{ K, which of the following statement is true? (a}[ﬁ] <0,
T

ap

g oG oG ) !
(b) [EJT =0, {c) [E]p <0, (d} (EJP =0, (e) none of above is correct.

42. Consider a binary eutectic phase diagram. The AH; and AH, are the heat of mixing of solid solution and
liguid solution, respectively. Assume that phase diagram is constructed with the ideal liquid solution and the
regular solid solution, then, (a) AH.<0, (b) AH=0, (¢) AH,<0, (d) AH~>0, (¢) none of above is correct.

43. Consider the oxidation of copper, 4 Cug + Oy~ 2Cu:0y, . Then,
{a) as the temperature increases, AG" also INCTeases,

(b) as the oxygen pressure increases, AG” also increases,

(c) as the temperature increases, the amount of Cu20 increases,

(d) AG® is independent of oxygen pressure,
{e) none of above is correct.

e e e

e

44, For the reaction M) + 2NOg) = 2N + MOz , AG® =A + BT, where A<0, B>0 and at T = Tg, AG® =0,

Then,
{a) at T>Tg, M is more resistant to oxidation than N, | %
{b) at T>Tg, N is more resistant to oxidation than M, ;
(c) oxidation of M by NO is endothermic, |
(d) the entropy change of the reaction is positive,
{e) none of above is correct.

45. Consider the gas phase reactiona A+ b B =¢ C + d D. Given AH" >0, then
| (a) as temperature increases, the equilibrium constant K, increases,

(b) as temperature increases, the equilibrium constant K, decreases,

() as total pressure increases, the equilibrium constant K, increases,

(d) as total pressure increases, the equilibrium constant K decreases,

(e) the effect of temperature or pressure on K, cannot be determined.




46. Consider the gas phase reactiona A+ b B =c¢ C +d D. Given AH" >0, then
(a) as temperature increases, the equilibrium constant Ky increases,
(b) as temperature increases, the equilibrium constant Ky decreases,
(c) as total pressure increases, the equilibrium constant Ky increases,
(d) as total pressure increases, the equilibrium constant Kx decreases,
(e) the effect of temperature or pressure on Ky cannot be determined.

47. For a regular solid solution, the critical temperature of the miscibility gap is T, then
(a) Q=0.25RT,, (b) ©=0.5RT;, (¢) 2=RT,, (d) Q=2RT,, (¢) Q=4RT, .

48. Supposed that a solution can be described with both the simplest regular solution model, i.e. AHM =
X AXB, and the quasichemical solution model. If the solution exhibits a tendency toward clustering, which

of the following statement is not true?
(a) a0, (B} [E,, — 1/2(E, . *E  }=0, () (dy, /AT)>0, (d) 1,>1, (&) 151

49, For an ideal A-B solid solution, which of the following statement is not true?
(a) AGM= RT(Xaln as+Xzln ap)
(t) AGa=RTInX,
(¢} AH =0
(d) ASA=RInXa
(e) AVM=0

50. The ternary phase diagram at constant T, P, is shown as below, then
(a) for AC +BC =AB +2C, AG"<0;
{b) for AC + AB =2A+BC, AG"<0;
(c)for AC+B=AB+(C, AG">0;
(d) for A+ BC=B+AC, AG">0;
(e) for AB+BC=AC+ 2B, AG =0,

At c
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51. —ES 7R R R R L h (dendrite)IE(RIR R - BBREIFETHES - A ERHEIEHERSE
e TRl - R B EE
(a) P ffT(coring) (b)E F1{E4T(gravity-induced segregation) (c)#&H% i #1 B8 (interdendritic Pﬂmﬁﬂ}'}J
(dyii (@ #m(inverse segregation) (&)l &if(cellular structure)
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2. $¥ i interface) A RO Fe i 4 FLABTIM (iffusion FERIA 1 e
@tk O % OFE (@EHE

53. T ¥R SRR i i o (precipitation hardening) T2 7
()l S P M P B TR RE T i8]y (b)SicliliFs i #H (solution treatment)
(CEFERAERFORRE]  (dFF i (aging)BEH¥  (e)LL LEFIF

54, FFIn]E AR 8 (martensitic transformation) D411 EFR 2
(a)IEtE i (athermal i EE{L  (b)IEHIS T R (habit plane)  (c)EFFATEEX
()NGFEHESS  (c)FEER{RE ARt

55. FAARACHE S ST T (superelasticity) R S B ES 7 :
(RN A ARSI D  OMAAETECEESEAET (o) BULT ISR HEE M
(DHREDS[FRmEE L ()bl EEIF

56. TR —FriEf R (pearlite ) HE LT
(FEhiRES  (bEFRSEHEES (OB S ST ERNTEC
(e EEH O (MR EI(habit plane)

5709 f o 8% 4 Bl B AFe-040%C  B:Fe-0.40%C-0.40%Mn  C:Fe-040%C -0.40%Ni
D:Fe-0.40%C-0.40%Cr - HiF{b§E(hardenability ) A2 MR
{a) D=B>A>C (b) D>B>C=A (c) B>D>C>A  (d) B>D>A>C  (¢) A=B>C>D

38. MRS ET T —CRLRFIESETHE?
() (b7 (o} (OF (e

59. T U~ A e (A M g 7
(aMEhnEE (MEEEED  (ORERE (SRR (eminiEsn

60. [ e ~ AR F RS (creep) R 5L - BRWFIRT MU B bl L SMLZ
()RR BEE » B TR — BRI - AR i
(b)Yl - BRI e F R - PR R
(c)FciBe "R - BREIN At — BRI - R R
() clie/ [ has » B R — il - PR R
(e)feille/ it - SRR R R
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61, When 546 nm light illuminates a surface, the stopping potential is 0.42 volts.  What will it be for 492nm
light? (a) 0.67 V (b) 0.83 V (c) 0.58 V (d) 0.47 V (&) none of the above

i




62. An electron and a proton have the same velocity. Comparing the wavelengths and the phase and group
velocities of their de Broglie waves, which of the following statements is incorrect?

{a) The electron has the longer wavelength

(b} The electron has the same phase and group velocities

{c) The proton has the same phase and group velocities

{d) The electron has higher phase velocity than the group velocity

{e) none of the above

63. The uncertainty in the position of a certain particle is equal to twice its de Broglie wavelength. What is the
minimum percentage of uncertainty in its momentum in the same direction?
{a)50% (b)10% (c)5% (d)1% (e) none of the above

64. The lowest energy possible for a certain particle trapped in a certain box is 1.00 ¢V.  What are the next two

higher energies the particle can have?
{a) 2eV,3 eV, (b) 4 eV, 6 eV, (c) 4 eV, eV, (d) 2 eV, 4 eV (&) none of the above

Jﬁﬁ. Which excited state of hydrogen has an excitation energy of 12.09 eV?
{a)1st (b)2nd (c)3rd (d)4th (e)none of the above

166, Of the following quantities, which increases in the Bohr model as quantum number » increases?
(a) frequency of revolution (b) electron speed (c) kinetic energy
{d) electron wavelength (¢) none of the above

|67. Which of the following wave functions can be solution of Schrisdinger’s equation for all values of x?
{a) w=A sec x (b) w=A exp(x’) () w=Aexpi=x’} (d) w= A cot x (&) none of the above

68. A particle is in a box with infinitely rigid walls. Suppose the walls are inx = -L/2 and x = +L/2.
If ys, = A cos k,x is a possible solution, what must k, equal?

(a) &, = 3na’L (nis an interger) (b} &, = 2naL (n is an interger) (c) &, = na'L (n is an interger)
(d) k. = na'L (n is an odd interger) () none of the above

69, The wave function (1/y 8)(cu/m)' ™ (dox®-2)exp(-cex’/2) is that of a harmonic oscillator with E, = (n + 2k,
where f is the Planck's constant, v, is the oscillator’s frequency, and E, is the eigenvalue. 'What the
quantum number # is to be?

(@l ()2 (c)3 (d}y4 (e)none of the above

70. What is the probability that a particle in a box [ wide can be found between x = 0 and x = L/ when it is in
the nth state?
(a)1/m (b} 12n (c)2/m (d) 1/4n (e) none of the above
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71. In the "H NMR of benzaldehyde (CgHsCHO) the signal from aldehyde proton will appear as:
(a) asinglet at about 11.6 ppm
(b) a singlet at about 9.8 ppm
(¢} atriplet between 7 and 8 ppm
(d) a doublet at about 12.0 ppm
(e) none of the above are correct

72. What is the product of the synthetic sequence below?

0 NaBH, HBr 1Mg ELO PCC
MeOH  LH,C0 CH,Cl,
1.H,0°
OOH

(b) oH
H

H

3

Y

(c)
HO
"O-
CHO

(e)

73. To convert a nitrile to primary amine you must:
(a) hydrolyze it with water

(b)reduce it with hydrogen or LiAlH,

(c) oxidize it with chromic acid

(d)substitute it with an alkyl halide

(e)none of the above are correct

74, Identify the keto form of the following enol.

ﬁﬁ/""\\/
{a) l-penten-3-one

(b) (E)-3-penten-2-one
(c) 2-pentanone

(d) (E)-pentenal
(e) none of the above are correct T




75. Reaction of excess Grignard reagent with diethyl carbonate, shown below, gives a(n):
O

Etﬂ/”\OEt

(a) ester (b)ketone (c)secondary alcohol (d)tertiary alcohol (e) none of the above

76. Which is the least reactive toward nucleophiles?
(a) ketone (b)ester (c)amide (d)acyl halide (e)aldehyde

77. Which can be reduced by catalytic hydrogenation?
(a) carboxylic acid
(b) ester
(¢c) amide
(d) alkyne
(¢} all of the above

78. Which of these bonds would have the most intense stretching vibration?
{a) H-H
(by H-O
(¢) H-N
{(d) H-C
(e} H-B

79. Which compound below fits the following 'H NMR data?

triplet & 1.22 ppm (3H)
singlet & 1.98 ppm (3H)

quartet & 4.07 ppm (2H)
(2) T
CH,CH,COCH,

(b) ﬁ
CH;COCH,CH,

@ 9
EH,‘!EH;&L‘H;

@ yomc iﬂa
3

(e) none of the above

g




80. Which compound would you not except to be aromatic?

11T
@ 1 I @I @IV (©V

TEAIP

81-82. A circular hollow steel bar has outer diameter do= 2 in, inside diameter d;=1 in, length 1.=3 ft, and shear
modulus of elasticity G=12x10° psi. The bar is subjected to a torque of T=100 fi-Ib at the ends.

* [81. The polar moment of inertia of the cross section I, (in®) is
(a) 15/32 (b) 15 = /32 (c) 7732 (d) Tr/32 () 32

82. The maximum shear stress in the bar is
() Tdi/Ty (b) Tdy/(21y) (c) Tdo/Ty (d) Tdo/(21,) () Tdo/(41y)

B83. The torsion failure of a brittle chalk is

(a) by tension cracking along a 30° helical surface

(b) by compression cracking along a 30° helical surface
(c) by tension cracking along a 60° helical surface

(d) by compression cracking along a 45° helical surface
(e) by tension cracking along a 45 helical surface

84.The rﬂlatiﬂnship between mudulus of elasticity E and shear modulus G is (v is the Poisson’s ratio)

(a)G = {h} _ﬂ (d)E G {E}E=i

2[1 +v) [1 + V) (1+v)

85-86. A simple beam AB is subjected to a counterclockwise couple of moment Af, acting at distance a from
the left-hand support.

H|:|
oY
Af Hin ~ A . ST B
C .Y
Y|
i rrm——a L -__.._......-.__...i

85. The shear force at support A is
(a) 2M/L (b) ML (¢) Mo/(2L) (d) 4M,/L (e) Mp/(4L)

g6. The maximum bending moment at point C is
(a) 2aM,/L (b) aM,/L (c) aM,/(2L) (d) 4aM,/L (e} aM,/(4L)
r3




§7. For a beam of rectangular cross section with width 5 and height 2h, the moment of inertia f and the section

modulus § are
bh? bh? 2bh? bh? bh? 2bh?
a I=_"‘ S=_ I=_i S=_ 1=_-_'_:I- S=
(a) = : (b) g - {c) > =5
3 2 3 2
o [=2 g Db oy B g 20
3 3 3 3

88. A stress element is at a state of pure shear Ty,

¥y
—--I-rF
R 0 S
; l -
Tep ¥] )
——
Tur

ithis stress state can be transformed into a state of maximum normal stress o, at an inclined angle 8, then

(8) Ox=Tey, 0=45" (b} 0:x=21xy, B=45" (C) 0;=Tyy, B=30°
(d) 6:=21Tyy, 8=30" (&) Ox=1xy, B=60°"

89-90. A simple beam AB with an overhang BC supports a concentrated load P at the end of the overhang.
When solving the differential equation of the deflection curve v(x),
89. which of the following conditions is wrong?

A
-
P, N
(8) v(0=0 (W00 (v(0)=0 (@)v(L)=0  (ew"(1L.5L)y=0

90, Which of the following reaction at supports is true?
(a) Ra=L.5P+ (B) Ra=PT (c) Ra=0.5P{ (d) Rg=P T (e) Re=1.5P |

14



