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11. The high boiling point of water in comparison to H2S is best explained by the concept of

(A) London forces  (B) dipele-dipole interactions  (C) polarizability (D) hydrogen bonding
(E) none of the above

12. Which of the following has a dipole moment?
(A)SO; (BYCFs (©O)YCO; (D)SO; (E)nonc of the above.
13. Which of the following transition elements is most likely to exhibit a +3 oxidation number 1n 1ts
compounds. (A)zinc (B)cadmium (C)copper (D)manganese (E)none of the above.
14. Rust is formed by the action of water and oxygen on iron.  The formula for rust is
(A)FeO (B)Fe;On (C) FeO03HO (D) FeO,  (EF) none of the above.
15. Under which condition is a reaction always in equilibrium?
(A)aAG=0 B)YAH=0 (C)aS=0 (D)aH=AS (E)noneofthe above.
16. A chemical reaction will always be spontaneous when

(A)aH=-and AS=~ (B)aH=+andaS=+ ()aG=+ (D)aH=-andAS=+
(E) none of the above.

17. Which of the following reactions has a negative change in entropy?
(A) CaCOy) > CaOgy + COzq  (B) 2HgOw = 2 Hgm + Oz (C) SHaggy + 4C) = CaHliogy
(D) 2NHj() — Noggy + 3Hp(g (E) none of the above.
18. Given: Nyg + 202 —> 2 NOyy aH'=3.6 kl/mol and 2NOg, + Oy — 2NOyy AH = —6.7 kI/mol.
What is the standard enthalpy (kJ/mol) of formation for nitric oxide, NO?
(A)103 (BY3.1 (C)5.15 (D)-20.6 (E)none of the above.
19, Draw the lewis structure for benzene, CgHg (the carbons should be connected in a six-membered ring).
What is the bond order of the carbon-carbon bond?
(A1 (BY1.25 (C)y1.67 (D)1.5 (E)none of the above.
20. Consider the reaction, CaC; + water — products. Which of the following is a product?
(A)Ca (B)CHi (C)acetylene HC=CH (D) H; (E) none of the above.
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21. Which of the following equations is INCORRECT?

(A) f(x,y)=xsiny, then %—i = §in y

) ) . d _of & o Ay o
(B) f—f(.l',y,f) and _x_x(f),y—y(f),thﬂn A ax_. dt ay dr Ot

B(x,y) Bu,v) _
O(u,v) o(x,y)

(C) x=x(u,v), y= y(u,v), then

d %,
Dj a, b are constants, then — x,0yde=| — f(x,t) dx
(D) a, b are consta b @ dv= [ )
(E) none of the above
22, Which of the following vectors is normal to the surface 2x2 + vi+z2 =15 at (-1,2,-3)?
(A) -i+2j-3k  (B) i+2j-3k (C) 2i-2j+3k (D) 2i+2j+3k (B) -2i+j-3Kk

23. The length s(r) of the curve R(7)= sin7i—+/3 sin r} ~2cos7k , 0<7 isequalto
(A)t (B)2t (O)3r (D)4t (E) 8.

24. The integral Hﬂlxy\ dxdy in the region R defined 0<x?+y* <1 is equal to
1 1
(A)1 (B) 5 (©2 (D) 7 B4

25. The spherical coordinates (p, ¢, € ) and the Cartesian coordinates (x, y, z) are related by

x = psingcost, y=psingsing, z = pcosg, then the Jacobian 3((;3 9, 9)) 1s equal to
Hx, y,z

1 1 1 1
(A) (B) (C D) (E) none of the above
p? cosd pz coSs ¢ ) o sin i ( pz siné

26, A vector field A(x, y,z)=xy§+ yz}—xyzﬁ,then V:A isequalto
(A) y+z (B) x+y (C) y+xz (D) y+z-2xy (E) 2y~z

27. If Uis a scalar field, A,B are vector fields, dv the volume element, and da the area element, which of

the following equations is INCORRECT?
(A) Vx(AxB)=A(V-B)-B(V-A) B) VX(UA)=VUxA+UVxA

C) VxVU =0 (D) j(v-A)du:{A-da (E) j(‘?’xA)-dazcj.A*ds
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28. The Sturm-Liouville equation has the form [p(x)y']T+g(x)y+Aw(x}y=0,(a<x<b). For the

differential equation y"~2y'+ Ay =0, (0 <x <x), which of the following function, when multiplied

into the above equation, can turn it into a Sturm-Liouville equation.
Ax B © & (D) &7 (B

—itp X

29. The Fourier transform of a function f{x) is defined by F{f(x)}= J:m f(x)e dx . If H(x} is the

Heaviside step function and ¢ > 0, F{H{(x)e “*} isequalto

A) ——  B) —— Q) —— D) —— (B —=-
ﬂ+1ﬂ] d — iw a4+ 1 a4 — 1 &+ I

_x2 2
30. It is known that En e dt:\/;,then F{e " } (a>0)isequalto

mz mz mz mz ﬂlml
o o N, 2 7 T3 7T -
——p (B) Zp Aa (C) . pda (D) g 4a 4
a a a a

(A)

BRETE

31. If we wish to supply 0.5 mW of power to the 15 k{2 load,
Re=2k)

(A)0 (B)10 (©)530)' (D)1030)"* (E)15

32. Find k in the voltage transfer function v2~kvl
M- B-2 ©O1 O2 (EO

1 ksl

k82
A
10 k(2 A A

S—Y ™. lukg2 - .

i B

-MJ#H vin

y .
' 20k vy

‘ﬁ

33. Use superposition to find v (V).
(A)-42 (B)-20 (C)0 (D)20 (E)42
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34, Find V1(V) in dc steady state.
(A0 (B)12 ()24 (D)48 (E)96

35. Follow problem 34, Find V2(V) in dc steady state
(A0 Bytz ()24 48 (E)96

36. The circuit 1s in dc sieady state at t=0—, find v(0-)= 7 (V)
(A)18 (B)12 ()6 (D)3 (E)O
37. Follow problem 36, find v(0+) =2(V)
(A)18 (BY1z2 (CY6 (D)3 (E) 0
38. Follow problem 36, find 1(0-) =7(A)
A)18 (BYI2 ()6 (D)3 (E)O
39. Follow problem 36, find 1{0+) = 7(A)
(A)18 (By12 ()6 (D)3 ()0

40. Find the total response vg(t) if v (t)=0 and i, {t)=1A
{(A)0O B4V (O8V (D)12V  (B) 16V

RO

41, A special catalyst is able to decompose water into hydrogen and oxygen completely at 30°C. How many

liters of gas can be produced by decomposing 18 g (=25 liter) of water? |

(A) 25, (B)S50, (C)62.5, (D)75, (E)noneofthe above.

42, Indicate the wrong statement for the definition of isolated system in the following
(A) no heat entering from outside {Q=0), (B} no work done by the system (W=0),

{C) no expansion or contraction of the system, (D) no energy exchanged with the surroundings,
(E) no energy interchanged in the system,

43. Indicate the wrong statement for the definition of closed system in the following (A) heat can enter the
system (Q=0), (B) work can be done by the system (W=0), (C) no mass enters or leaves the system,
(D) the volume of the system is constant, (E) energy can be interchanged in the system,

44. Please indicate the right statement for the 3™ law of thermodynamics: (A) the entropy of all perfect pure
crystalline substances 1s zero, {B) the entropy of each element in some perfect crystalline state is taken as

zero, {C) AS for any isothermal process is zero at 0°K, (D) the internal energy of each element is taken
as zero, (E) none of the above,
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45. Indicate the wrong statement for the properties of ideal gas: (A} no intermolecular interactions,

(B) internal énergy depends only on the temperature, (C) internal energy does not depend on volume,
(D) internal energy does not depend on pressure,

(E) no heat needed in an isothermal reversible expansion process.

46. 1f X is a state function and dX = 8q,/T, where 8.y stands for reversibly adsorbed heat, calculate AX for
the isothermal expansion of one mole of an ideal gas from 2 to 1 atm at 298K. (A) (1/2)R in(1/2),
BYRIn(2), (C)0, (D)2R In(2), (E)none ofthe above. |

47, Indicate the wrong statement for the properties of the second law of thermodynamics: (A) all reversible

heat engines working in cycles between two temperatures, AT apart, must have the same efficiency,

(B) dS=0 in an isolated system, (C) (dA)rv=0, (D) (dG)p<0, (E)none of the above.

48. Indicate the wrong equation in the following: (A) (dG/OP)r=V, (B) (0G/T)e=(-S),

(C) (BS/6TH=(-Cy/T), (D) (ST/OP)s=(0V/0S)p, (E) (OV/OT)p=(-(85/0P)r).

49, What would be the maximum heat output for a I kW heat pump working between the temperatures of 12
and 27°C? (A)20kW, (B)1kW, (C)0.05kW, (D)15/27kW, (E)12/27kW.

50. The gas equilibrium of 280;+0,=280; at 1000K has a total pressure of 2 atm. It is known that only SO,
with a pressure of 1 atm exists initially. Please calculate the equilibrium constant at 1000K:

(AY2, (B)Y0.5, (25, (D)04, (E)!l atm™".

51. In a small-angle tilt boundary whose angle of tilt is 0,1°, and the Burgers vector of dislocations is 0.33 nm,
which of the following value is the spacing between dislocations in the boundary? |
(A)0.33nm; (B)0.66nm; (C)3.3nm; (D)6.6nm; (E)0.165nm.

52. If a region with relatively higher atomic number than others, its image in SEM-BEI (backscattering electron

image) will be:  (A) brighter; (B) darker; (C) more sharp; (D) out of focus; (E) no different with
other regions,

53. It is observed that dislocations are easily generated inside the material A, but difficult produced 1n the
material B, which is true in the following statements:
(A) B is more ductile (large strain), because the material will be stronger if there is no dislocation,;
(B) Grain size of A is smaller than that of B, because there are many subgrains {dislocation cells),
(C) A is more stronger than B, because there is the working hardening mechanism,;
(D) Deformation in A is greater than B, because dislocation could shp;
(E) The dislocation has no effect on the elongation of material.

54, Which of the following phenomena is the least related to the interaction of a dislocation with solute atoms
in a material? {A) Dislocation atmosphere; (B) Drag stress; (C) Strain aging; (D) Dynamic recovery;
(E) Sharp yield point.

55. In the X-ray diffraction {XRD) experiment on two powder samples, one is nano-meter size and the other
with mini-meter size, what would you find? (Every particle is considered as a crystal)
(A) No difference between the X-ray results of nano and mini-meter samples;
(B) Some peaks of nano-metcr sample are disappeared;
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(C) Some extra peaks of nano-meter sample are developed,

(D) The intensity of each peak of nano-meter sample is increased,
(E) The sharpness of each XRD peak of nano-meter sample 1s decreased.

"}

56. Two-component system contains two phases in equilibrium condition, which of the following statements is
wrong?
(A) T (temperature) keeps constant, the total content of alloy changes, the amount of each phase also
changes;
(B) These two phases should have the identical partial-molal free energy;
(C) T keeps constant, the content of alloy changes, the equilibrium composition of each phase changes;
(D) For the same alloy, when the T changes, the equilibrium composition of each phase changes;
(E) The maximum number of equilibrium phases is 4 according to the phase rule.

57. Which one of the following five phenomena that could not strengthen the metal material?
(A) Working hardening; (B) Dislocation cross-stip; (C) Solid solution; (D) Grain refining;
(E) Precipitation of second phase particle. '

58. Which one of the following five statements 1s wrong:

(A) Vacancy is a kind of defect, if there is no vacancy inside a crystal, the total energy will decrease;
(B) Vacancy will assist the inter-diffusion of atoms;

(C) The raising of temperature, the equilibrium density of vacancy increases;
(D) If the metal quenched from high temperature, it has excess number of vacancy;
(E) The existence of vacancies ingide a crystal decreases the total energy of material.

59, Identify the dislocation, in terms of its Brugers vector, that can cross slip between (111) and (11 i) planes of

an f.c.c. crystal.  (A) 1!3[li 1. (B) 1f’2[i 10]; (C)[100);, (D) lfﬁ[i IO]; (E) none of above,

60. The recrystallization rate of a cold-worked metal is not dependent to which of the following parameters?
(A) Purity of the metal; (B) Temperature of annealing; (C) Time of annealing;
(D) Amount of deformation; (E) The initial grain size before deformation.

LA

61. Let ¢ be the light speed in vacuum. When ¢ is expressed as a function of the electric permittivity €0 and
magnetic permeability po, which of the following 1s correct

(A e=g,u,; B) c={g,u); (©) c=4gu; (D) c=1/Jeu; ([B) c=¢,/u,.

62. Compton effect shows that (A) electron has wavelike property.  (B) electron has particlelike property.
(C) light has wavelike property. (ID) light has particlelike property.
(E) both electron and light have wavelike property.

63. Gravitational red shift indicates that  (A) light has nonzero rest mass. (B) light has nonzero momentum.
(C) electron mass is a constant.

(D) wave length of a cosmic radiation becomes longer as the observer on earth views an outgoing radiation,
(F) the energy of a cosmic radiation is decreasing as the observer on earth views an outgoing radiation.
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64. A free electron has the wavelike property, its wavelength A can be expressed in terms of its energy E as
(A) A=124/E inunitofA. (B) 2=124/F inunitofecm. (C) A= 1.24/E 1in unit of um,
(D) A=1.24/E inunitofm. (E)none ofabove is right.

65. About the wavelike property of a free electron, which of the following statements 1s correct?

(A) It does not have the exact mass. (B) Its frequency is linearly proportional to its total energy.
(C) The absolute value of its wave amplitude is proportional to 1ts cnergy.

(D) The square of its wave amplitude is proportional to its frequency.
(E) It emits light when it is confined in a box of fixed volume.
66. About the uncertainty principle, which of the following statements is correct?
(A) Ap-AE>h (B) Ap-Atsh (C) Ap-Ax<h (D) Ax-AEzh (E) Ap-Axzh
67. The atomic spectra
(A) confirm the atom model proposed by Rutherford.
(B) suggest that electrons in an atom do not have the same mass.
(C) show the energy quantization of electrons in an atom.
(D) can be explained by treating electrons in an atom as particles.
(E) are identical to all elements in the periodic table.
68. In the followings, which was not described in the Bohr’s model of atom
(A) angular momentum.  (B) the radius of electron orbit.  (C) the electron spin.

(D) the energy level of electrons.  (E) all mentioned were specified in the model.
69. To verify the quantization of electron energy in an atom, you can

(A) detect the intensity attenuation of an incident white light on the gas sample,
(B) detect the energy loss of an incident ¢lectron with constant energy.

(C) heat the gas sample and see the emission spectrum.

(D) do an x-ray diffraction.

(E) measure the specific heat of the gas sample.

70. In quantum mechanics, which of the following expressions concerns the enexgy conservation of a particle

. JE|yPav )1
A& flyfar=1. ® E=ho. (© (E)==% . (D) E=ho+ .
e 5 2m
Jiw rav
h oy Oy
By - +Vy =ih——.
) 2m ox° vt ot
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71. While the carbony] stretching frequency for simple aldehydes, ketones, and carboxylic acids 1s about
1710 em’', the carbony! stretching frequency for esters is about:

(A) 1700 cm™  (B) 1735em™ (C) 1800 cm™ (D) 1660 cm™  (E) none of the above.
72. What alkyllithium would react with acetic acid to form 2-butanone? |

(A) methyllithium _ (B) vinyllithium _(C) ethyllithium (D) propyllithium _(E) none of the above,
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73. Which of the following amines can be resolved into enantiomers?

(A) trimethylamine (B) 3-pentanamine (C) 2-pentanamine (D) dimethylammonium chloride
(E) none of the above.

74. Which of the following is also known as a Schiff base?

(A) animme (B) acyanohydrin (C) a hydrate (D) sodium hydroxide (E) none of the above.

75, In electrophilic aromatic substitution reactions a chlorine substituent:

(A) is a deactivator and a m-director. (B)is a deactivator and an o,p-director. (C) is an activator and a
m-director. (D) is an activator and an o,p-director. (E) none of the above.

76. Which of the following 1s not a fused-ring heterocycle?

(A) purine  (B) pyrimidine (C) benzofuran {D) indole (E) none of the above.

77. Which of the following compounds is the most reactive dienophile in a Diels-Alder reaction with
1,3-butadienc? (A) CH,=CHOCH: (B) CH,=CHCHO (C)CH;CH=CHCH; (D){CH1),C=CH,
(E) none of the above.

78. To a solution of propyne in diethyi ether, one molar equivalent of CH;L1 was added and the resulting
mixture was stirred for 0.5 hour,  After this time, an excess of 1,0 was added. Describe the major
organic product(s) of this reaction.

(A) CHyCCD and CHy  (B) CH;CCCH;y  (C) CDZCCCDy (D) CH3CCCD3  (E) none of the above.

79. When trans-3-hexenc is treated with MCPBA, the major organic product is:

(A) ameso epoxide (B) a 1:1 mixture of enantiomeric epoxides (C} a meso diol
(D) a 1:1 mixture of enantiomeric diols (E) none of the above.

80. When (R)-2-butanol is treated with TsCl in pyridine, the product formed is:

(A) an achial compound. (B) a mixture of diastereomers. (C) a racemic mixture.
(D) a single enantiomer.  {E) none of the above.

T2

Member ABC 1s supported by a pin and bracket at B and by an inextensible cord attached at A and C and
passing over a frictionless pulley at D as shown in figure

81. the tension force in cable is
(A)250N (B)275N (O)300N
(DY325N (E)350N

82. the horizontal reaction at B is
(A)250N (B)275N (C)300N
(D)325N (E)350N

83. the vertical reaction at B is
(A)200N (B)225N (C)250N
(D275 N (E)300N
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For the beam and loading shown in figure
84, the vertical reaction at 4 is
(A)SKN (B)325kN (C)5.5kN
(D)5 75kN  (E)6kN
85, the reaction moment at A4 is
(A)21.6kN-m (B)22.4kN-m (C)23.2 kN-m
(D)24 kN-m (E) 24.8 kN-m

1603 N/m

For the truss and loading shown in the figure

86. the zero force members in the truss are
(A)d BYS (O6 (D)7 (E)8

87. the force in member BD is
{(A)24kN (B)26kN (C)28kN
(DY30KN (E)32kN

88. the reaction at roller G is
(A) 40 kN (B) 44 kN (C) 48 kN
(D) 52 kN (E) 56 kN

A 24-ft-long steel tube with modulus of elasticity E = 29 (10°) ksi having the outer radius and inner radius of 3
In and 2 1n, respectively. The tube is to be used as a pin-ended column, (89-90)
89. What 1s the maximum allowable axial load the column can support so that it does not buckle?
(A)~176 kip, (B)~163 kip, (C)~125kip, (D)~133kip, (E)~203 kip
90. The force created an average compressive stress at the maximum alloable axial load in the column is
(A)~11.20ksi, (B)~10.40ksi, (C)~7.98ksi, (D)~8.46ksi, (E)~12.95ksi




