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11 How many different first ionization energies are there for sodium in its ground state? (A)1 (B)2
(C)3 (M4 (E)none of the above,

12 Which of the lists of substances is in the order of increasing nitrogen-nitrogen bond strength?
(A)Nz, HNNH  (B)HNNH, H;NNH:; (C)HNNH,N; (D) N3, H:NNH, (E) none of the above.

I3 Rust is formed by the action of water and oxygen on iron. The formula for rust is (A} FeO  (B) Fe;Os
(C) Fe;03.H0 (D) FeO;  (E) none of the above.

14.  Consider the reaction, CaC; + water -—> products. Which of the following is a product? (A) Ca
(B)CHy (C)Ca(OH); (D)H; (E)none of the above.

15. Which of the following does not aifect the pH of its aqueous solution?
(A)KF (B)NH,NQ; (C)HCN (D)NaCN (E) none of the above.

16, Which of the following is not a pure substance? (A) pure gold (B) clean air (C) distilled water (D) refined
sugar (E) diamond crystal

1%  Which of the following molecules is polar?
(A) CCL (B) CO; (C) CHy (D) CHCl; (E) Is

18.  Which of the following has a zero bond order?
(A) Hz(B) Hy (C) Hy" (D) Hez (E) Hey'

19. Which of the following is not a paramagnetic substance? (A) Bz (B) C; (C) N* (D) 02 (E) Fy'

20. Which of the following metals has a molar heat capacity different from others at 300 K? (A) Al (B) Fe

(C) B (D) Mg (E) Ga
THE
21 Find the inverse matrix of i -ﬂ . Which one of the following is the diagonal elements of the inverse

) 2/3 7 2/3 7 -2/3 7 2/3 7
matrix? (A) [ 9 _”3-',{]:!} [ 9 11|,[{3} |: 9 l:|,{D} [ ? _J,{E}nnn:nfth:ahnw.

0 1
(A)0,0, (B)0,1, (C)1,1, (D)-1,-1,(E)none of the above.

0
22 What are the eigenvalues of the matrix [1 ]?
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23 What is the eigenspace of the matrix [ﬂ 1]‘?

(A) Span {[;} [?]} , (B) Span {[:q,[ﬂ} , (C) Span {[_ﬂl]’[ﬂ} , (D)all of the above, (E) none of the above.

i 0]

10 such that Q"' A Q=D is diagonal. Which one is the possible Q?

24Diagunﬂiumemamn=[

11 10 0 1 01
(A) [ﬂ _J (B) L} J ©) [1 J (D) [] u} (E) none of the above.

1 0
25 What is the possible diagonalized matrix of the previous matrix L ﬂ]?

0 0 1 0 0 0 -1 0
(A) [u 1] (B} [u 1} () [u _J (D) [ﬂ _11 (E) none of the above.

26 The tangent plane at (1, 3, -2) on the surface 3x* +y? +2z? =16 is(A) 3x+y+z=4
(B) 3x+3y-2z=16 (C) x+3y-22z=14 (D) 3x+3y+2z=8 (E) 3x+y-2z=8.

27 If (y—2x)e” —x% +1=0, the first-order expansion of y(x) about x = 1 is (A) y(x)=2+2e*(x~-1) (B)
Yx)=2+20e* +)(x-1) (C} p(x)=2+2(*-1)x-1) (D) y(x)=2+2e"(x-1)

(E) wx)=2+2(0+e ¥x=1).

28 The integral ([ x*ydxdy in the region R defined x =0,y = 1, and y = x is equal to
1 1 1 1 1
(A) T (B) 2 (C) 3 (D) r (E) 3

29 The integral _E”J:”Ei%dym isequalto (A)12 (B)1 (©)2 (D) & (E) n/2.

30 The spherical coordinates (r, &, ¢ ) and the Cartesian coordinates (x, y, z) are related by

x=rsind cosé, y=rsind sing, and z=rcos . The Jacobian 20222) s equal to

3(r.8,%)
(A) r?sinfsing (B) r’cosBsing (C) r®cosbcos¢g (D) #2cosb (E) r*sinb .

AR TE

31 Find the equivalent capacitance between terminals x and y for the circuit shown in below. (A)6uF
MB)5uF (C)4uF (DM3IuF (E}ZuF
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32 What is the banding width of silicon at room temperature? (A) 0.9¢V (B) 1eV (C) 1.1eV (D) 1.3¢V
(E) 1.4eV.

33 What is the dielectric constant of Si0; at room temperature? (A} 3 (B)4 ()5 (D)5.5 (E)é6.

34 Find the value of #.(A)2.54 (B)3A (C)3.5A (D)4A (E)1A.

g’ 60

35 Repeat the problem 34, find the value of i,.(A)0.533A (B)0.633A (C)0.733A (D) 0.833A
(E) 0.933A,

36 Find the values (in mA) of Ip; and Jp; for the circuit of Figure 36, assuming that the diodes are ideal.
(A)0,05 (B)1,0 (C)0,0 (D)1.75,-125 (E)1.75,-1.25.

—W— Kl
4k g +— +
Ve bt “nfm =3V
Figure 36

37 Consider the circuit shown in Fig. 37. What is the steady-state output voltage vadf) if viu(f) = 10sin(wt),
assuming that the diode is ideal. (A) 10sin(wt) +6 (B) 10sin{ewt) (C)0 (D)-4 (E) 10sin(ot) + 4.

]
o— 0 I ;
Vi (1) . Vour (1) Yin ) 34V RE  Vould)
4V =
- + -
5 J |
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38 Consider the circuit shown in Fig. 38. 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 voudf) if viu(f) = 4sin{ot). The reverse breakdown voltage of the Zener diode is shown.  Allow a
0.6-V forward drop for the diodes.

(AMsin(ot) (B)4sin(wt)+6 (C)54 (D)dsin(wt)+2 (E)4sin(ot) + 1.4,

39 For the circuit shown in Fig. 39, let the transistor have #= 100 and neglect the effect of r,.  Use ¥ag = 0.7]
V and assume all capacitances are infinite. What is the dc Q-point collector current fop?
(AM3ImA (B)4.8mA (C)4.1mA (D)7.5mA (E)S5.0mA.

+3V
1 ki)
10k 10k
+ 5V
Yo F2K0
Skn
1k | - =4
= = = 10V
Figure 39 Figure 40

40 Find the value of # for the transistor of Fig. 40. (A)78 (B)54 (C)161 (D)100 (E)26.

TR

41 One mole of ideal gas undergoes a thermal process that changes its state from (G, S;, T3} to (Gg Sy T
Which of the following statement is correct
(A) AS=5y- 5, =0 aslongas G, = Grand T, = T},
(B) AS=5;- §, is identical for all reversible and isothermal processes,
(C) AS=8,— §; is identical for all reversible and isobaric processes,
(D) AS=5,—- 5, is identical for all reversible and isometric processes,
(E) none of above is correct.

;42 About the thermodynamic equations, which of the followings is correct, (A) T =(8U/85), e s

(B) T =(3H/8S)y pnp» (C) T=(04/2S), (D) T =(3G/@S)y > (E)none of above s correct.

Jeomp

43 About the statistical interpretation of entropy, which of the following statement is correct, assuming that P is
the partition function and £21is the number of arrangement within the most probable distribution,

(A) S = kIn P, for a given temperature, (B) S = kIn 2 for a given temperature,

(C) § = kln F, for a given total energy, (D) S = kIn £2 for a given total energy,

(E) none of above is correct.
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44 At 0 "K, which of the following statement is correct,
(A) AG = 0 for any thermodynamic process, (B) AU = 0 for any thermodynamic process,
{C) A4 = 0 for any thermodynamic process, (D) AH =AG for any thermodynamic process,
(E) none of above is correct.
45 About the ideal gas, which of the following statement is correct,
(A) dG = -SdT at constant volume, (B) dd4 = -S4T at constant volume, (C) dU/ = -5dT at constant
volume, (D) dH = -54T at constant volume, (E) none of above is correct.
46 The molar Gibbs free energy of formation of binary solution A-B is given by
(A) AGM =RT(X,InX,+X,InX,), (B) AGY =RT(X,IlnX,+X,Ina,),

(C) AG™ =RT(X ,Ina,+X,Ina,), (D) AG* =RT(X,InX,+X,InX, +X H,+X,H,),

(Ey LLLE#IE.
47 The critieria for equilibrium between the phase @ and fin the binary system A-B are
(A) a,(ina)=a,(inf) and a,(ina)=ay(inf), (B) a,ina)=a,(inp) and ay(ina)=ay(inf),

(C) a,(ina)=ay(ine) and aglina)=a,(inf), (D) LLEER, (E) LLEEE
48 An ideal solution has the propertics (A) a, =X, and ¥, =F° (B) there is zero heat of mixing, (C) §,

is independent of temperature and is simply an expression for the maximum number of spatial configuration
available to the system, (D) all above items are correct, (E) only two above items are cormrect.

49 The activity of a component [ in a solution, with respect to a given standard state: (A) bears the same
dimensions as that of entropy, (B) equal to 1 at pure state, (C) equal to 0.5 for ideal solution, (D) is
negative for concentrated solutions, (E) is constant for dilute solutions.

50 About regular solution:  (A) Regular solution behavior is predicted by a statistical solution model in which
it is assumed that the atoms mix randomly and that the energy of the solution is the sum if the individual
interatomic bond energies in the solution, (B) Random mixing can be assumed only if, in the system A-B,
the A-B bond energy is not significantly different from the average of the A-A abd B-B bond energies in the
pure components, {C) For any such deviation the validity of the assumption of random mixing increases
with increasing temperature, (D) The statistical model predicts tendency toward ideal behavior and
Henrian behavior as, respectively, X, =1 and X, — 0, (E) The items listed above are all correct.

YiEaE

51 In a cold-worked metal, the recrystallized prain size is insensitive to which of the following parameters? (A)
Purity of the metal {B) Initial grain size (C) Annealing temperature (D) Amount of deformation (E) none of
the above.

52 A lot of phenomena is related to the interaction of a dislocation with solute atoms in the materials. Which of
the following phenomena is the least related to the interaction? (A) Sharp yield point (B) Drag stress (C)

Strain aging (D) Low energy grain boundary (E) dislocation atmosphere.




Nt —SEEM RS TRERR TR EEEEH

PE_HTSUHE— £E88  1102 3 10 HH 7 H
FUEE - LI2B B EEF - B8 19 S8 WA0 025 5 FEFHS -
33 For a real solid solution, the activities are used to indicate the extent to which a solution departs from an
ideal solution. Which of the following statements is correct? (A) The positive deviation of the activities
with concentration means the interaction between unlike atoms is preferred. (B) The negative deviation of
the activities means bonding between unlike atoms is stronger, (C) A component with positive deviation of
the activity have lower partial molar free energy than the idea case (D) The activity coefficient is typically
defined as the ratio of concentration to the activity. (E) none of the above.
54 When deriving the equilibrium vacancy concentration for a crystal, the energy is balanced by the work
required to create vacancies and the energy lower by increase of entropy. The major entropy lowering is
coming from (A) Vibrational entropy (B) Rotational entropy (C) Stretching entropy (D)
Configurational entropy (E) none of the above.
55 The fact that the dislocation movement is discontinuous in nature indicates the dislocation velocity is
hindered by obstacles. Which of the following parameters is ineffective in changing the observed
dislocation velocity? (A) Temperature (B) Distance between obstacle (C) Applied stress (D) Equilibrium
vacancy concentration (E) none of the above.
56 ZInerse PR N — AR R —EEA RS (A) S (entectic) (B) 3t4T(eutectoid)
(C) {Rdi(monotectic) (D) 4854 (peritectic) (E) [F]#Y(isomorphous)fiZ fE -
37 Kirkendall SR RTFAGHAE (A) HEEZH (B) BB (C) [BA(interstitial) (D) F|§(vacancy) (E)
H B8 4 (random walk ) B8 &1 -
58 W FEEIR T RRIF T YERGH SR - FERRFI (1A B2 2 (A )Matano ( B ) Grube( C ) torsion pendulum
(D) diffusion couple (E) decarburizing -
59 RATHEHEZ &SRB A TS E RS S ? (A) 48 (B) 347 (C) fEf(monotectic)
(D) H&k(peritectic) (E) [R]E)(isomorphous) =
60 [H-LILTThGSh 20+ R RSB B T 2 (A) [111] (B) [110] (C) [100] (D) [112)
(E) [123] -

A

61 For a particle confined in a 1-D box of dimension L, what is the probability of finding the particle between
x=L/3 and x=2L/3 for the first excited state (A)0.4 (B)0.33 (C)0.67 (D)0.8 (E)0.5.

|62 Assume that a particle of energy E strikes a finite energy bardier of height U (E<U) and width w from the
left, which of the following descriptions is false? (A) there is non-zero probability of finding the particle
to the right of the barrier (B) the amplitude of the wavefunction on the right decreases with increasing
barrier width w  (C) the amplitude of the wavefunction on the right decreases with increasing barrier
height U (D) the particle has a positive kinetic energy inside the barrier (E) a-particle decay is an
example of the tunneling effect,

|63 Which of the following descriptions about the Compton Effect is false? (A) an interaction between
photons and electrons  (B) the wavelength of the scattered light beam is larger than that of the incident
beam (C) the Compton effect illustrates the particle-like behavior of electromagnetic waves (D) the
Compton effect tends to be found at long-wave radiation (E) energy and momentum of the photons and
the electrons are conserved.
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54 For the electron of a hydrogen atom at ground state, the wave functionis @ == ™""a;""e™"*, where ag is

Bohr’s radius, What is the expectation value of the hydrogen radius?
(A)05a (B)lay (C)1l5ay (D)2ap (E)3ap

55 What does Moseley’s experiment tell us about characteristic X-ray spectra?
(AfxZ B P«Z (C)fxZ (D)A%xZ (E)=Z
(f: frequency, A:wavelength, Z: atomic number)

56 HALE— B R(Q) RETE (HETETHRISMLE) - AEUCHRFHIERTEN - (AW
R QBB T I AR (expliciOBS N - EZEAERE, ®)|7.0)= AQ- QA REER

% ? (A {REA#H Hamiltonian), (C)SLHERE T 4 5R20ERH eigenfunctions - FRRBREH (Q) FHe

HEH, (D)FTLUEISIE sk - BIFRAE R » BEM Lagrangian 4 Poisson bracket @ 857
F%? (B) LEMNEERESAN T - R e -

657 B LB (tunnelling) R AERA EATH§ - CHRANNE K T-A9E B (LI (energy barrier){E  {HEF]EL
HHFBORERE - BESHPRRESHEEFBIHEE ? HEER (AR HRRETHA, (B)
BTeRAEAN M, (ORMNABCEFHS, (D)EHERM(chaos TR HERRE, (B)LLL
Bk -

68 {8 T-ARMET fE S TR (W riplet)a O(Y singlet), o1 |S =1, S, = 0) 89 5 HERR S REE( M berry

1SS0 8& 2 W] 15.71). ®)|-15.15),©[00), ©)|}."15)+". Vo), @MLK

69 FFAHRTEITFCYERASE | - B ari oo IS e SayaE@ - M PR RGE-T R AR
ATWAERd  (A)Einstein & A, (B)Michelson and Morley, (C)Davidsson and Germer,
(D)Franck and Hertz, (E)YHEREEMFPILGE - WBERRY -

70 MAIREE AR AT R A - T H RIRRERERE M (cigenenergies)@ (AN,  (BYRISIAZKEY
1/4, (CyEfE, (DMER4{5 (EYTERERGUCBMIRET A -

R %

71 Which of the following compounds absorbs the longest wavelength of UV-visible light? (A) (E)-2-butene
(B} (Z2)-2-butene  (C) 1-hexene (D) (Z2)-1,3-hexadiene (E) (E)-1,3,5-hexatriene.

72 Which of the following undergoes solvolysis in methanol most rapidly? (A) PhCH:Br (B) PhyCBr
(C) PhCH:CH;Br (D) PhBr (E) PRCH;CH,CH;Br.

73 The nitration of anisole: (A) proceeds more rapidly than the nitration of benzene and yields
predominantly the meta product. (B) proceeds more rapidly than the nitration of benzene and yields
predominantly the ortho, para products. (C) proceeds more slowly than the nitration of benzene and yields
predominantly the meta product. (D)) proceeds more slowly than the nitration of benzene and yields
predominantly the ortho, para products. (E) proceeds at the same rate as the nitration of benzene and
vields predominantlv the meta oroduct.
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74 What reagents can be used to convert 1-hexyne into 2-hexanone? (A} 1. Sia;BH; 2. H;0;, NaOH
(B) Hg™", S04, ;O (C) 1. O5; 2. (CH3),8 (D) 1. CH;MgBr; 2. CO;  (E) 1. Hy, Ni; 2. NaaCryOs,
H,;50,.

75 Lithium aluminum hydride reduces carboxylic acids to primary alcohols via what intermediate?
(A)aketone (B)amethyl ester (C)analdchyde (D) a secondary aleohol (E)an acid chloride.
76 Which hydrogen atom on ethylbenzene is the most reactive toward light promoted chlorination?

(b) H H (c)
H EHE -EH:!.
(a) () (e

77  Which of the following compounds has the largest molecular dipolement?

(AYCH; (B)CH:Cl (C)CH:Cl; (D)CHCl; (E)CCl.

78 Which of the following reagent(s) reacted with olefin did not follow Markownikov's rule? (A)YH', HO
(BYHBr (C)BHs; NaOH, H;0; (D) Hg(OCOCH;),, CH;COOH; NaBH,  (E) HC, peroxide.

79 Which of the following functional groups exhibits highest IR stretching frequency? (A)C-H (B)C-D
(C)C=0 (D)C=N (E)C=C.

80 Which of the following compounds is not an aromatic compound?

(@) Q}o ) @ ©) Q @ NN © O
H

TH%
A simply supported beam AE is loaded by three concentrated loads. 0N ZokN 4o !
81 The maximum moment Muge (A) at point B I j l
(B)at point O () at point I (D) between B and O A
(E) between C and D, "é" B < b ArE
82 The maximum momentis (A) 70 kN-m (B) 75 kN-m .L' -+ . je -

M = -
(C)80kN-m (D) 85KkN-m (E)90 kN-m, . L 3Mm

83 The maximum shear Fpgeis (A)20kN  (B) 25 kN

(C)30KN (D)35kN (E)40kN. 7oy
i

For the nght triangle shown (point C indicate its centroid) \

84 The central moment of inertia about x™-axis [, is -

(A) BIC24  (B) bi'36  (C) bR /48 (D) bH160
(E) K172,

85 The centroidal moment of inertia about y™-axis /- is
(AYBR24  (BYBR6 (C)Fh48 (D) b H60
(E) B h/T2.
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86 The centroidal product of inertia f;-y- is
(A) - B*H/36  (B)-5*H148 (C) - B°HI60
(D) - B*H172  (E) - b*H196.

87 Dilatation is (A) volume change rate, (B) ratio of actual strength and required strength, (C) ratio of yield
strength and factor of safety, (D) stress concentration factor, (E) ratio of thermal stress and thermal strain.

88  Which condition listed in the following can induce thermal stress  (A) statically indeterminate truss
(Figure a) heated uniformly, (B) statically indeterminate truss (Figure a) heated non-uniformly, (C)
statically determinate truss (Figure b) heated non-uniformly, (D) statically determinate truss (Figure b)
heated uniformly, (E) structure can free expansion when heated.

LA

P

Ay

Figure a Figure b Figure ¢

89 A round bar with length of L and cross-sectional area of A is subjected to an axial load P (Figure ¢), if the
elastic modulus of the bas is E, calculate the strain energy stored in the bar (disregard the effects of stress
concentration and the weight of the bar). (A) P’L{(20EA) (B)3P’LA20EA) (C) SP’L/(20EA)

(D) TP’L/20EA) (E) 9PL/(20EA).

90 A round steel bar has diameter of d, length of L, shear modulus of elasticity G. The bar is subjected to
torques T acting at the ends, What is the angle of twist between the ends. (A) (8TL)/(nGd"),
(B) (16TL)(nGd*), (C) (24TL)(rGd"), (D) (32TL)}(nGd*), (E)(40TL)(nGd").




