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LHETFIMAR (@) d3) ®dx")  (109%)

x
X' +4

2EFE ISR : @[5 pdx O [sec’xdr  (10%)
3AHBIE— AL ~ 2 WA R RHMATURMSY - SIERIGIE © (209%)
@ Vy+2y" =y

(®) O +40) +5y=0

(c) —m——d(xy)+2x2y=3
dx
4 2 4
) az+4az 282

o oxoy oy
4 fEpnsyiEs o Y +(tanx)y =cosx  (10%)
SRty RS Y -4y '=e” (10%)

6.5 T 1 f(t) 2 i EC i (Laplace transform) © (10%)
@ f@)=te" (b) f(1)=cos’t

7. 8K T3 F(s)Z SRR EFEL - (10%)

(@) F(s)=-2 (b) F(s)=—

s2+9 (s+1)?

s M= B =[23-1] v=[-314] ~ w=[111] » HRue(vxw) (10%)

9.3 KfE T 5 - (1096)
3x, —x, +2x, =1
B2y 3 =2

2x, +X,—x,=-3
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LEEREEM) - RE®L) KT - BE(O)REAR » R KA LAFRE LT -
DUSREEHE - SR PYIBRALZ R - (DEEIEAL » QRSEERAL - Q)HEREN. » (HREE
RECERAL » S)IERLTREERNL - (10%)

2EHEE T4 - (D)AETR#E (Newtonian fluid) » (27 (creeping flow) » (3) H #A ¥ (natural
convection) » (4)EfZ(black body) - (5)5FHEEL(molecular diffusion) « (10%)

3BTRS B SRR T 9I445H © (1)FREEE (superficial velocity) » (2)EFEIRZ Z2KA
& (porosity) @ (3) ¥ B2 1L IF (fluidized bed) » (4) & /) it 2 14 3 B (minimum  fluidization
velocity) » (10%)

4. (1)25 °C Z7KLEA 15 Limin 2 FiER KBTS 10 m-ERR S cm 2 B RHZKZFE m/s)
EEEE o (BRI 0.55 m/s ZHEEBREIEEE H(0.45 m x 0.35 m)Z il » RKH
EOREER - FiL S B - 5 KZ B E=1000 kg/m® ~ F5E=1.0x10" kg/m-s * (10%)

5. 7N AR #E U AR AR B P J@ U1 (laminar  flow) B (Nre<2100) {5 18 [ (1) & & B 73 AH
U= U 1 (“M .M#%« T_I%E'_él:tp LJ\Z.ELE%E Unnax= E: @%Zﬁﬁ; nﬁ*iﬂh%ﬁhz—{:

MR LR AR - (10%)

6. MNEEMFHECEARE - (ABEEE 15 2009 K% (BEE{RE=0.20 kI/hr-m-"C) ff
RORZAOE S » ELPIAMERELEE S IR 600 B 20 °C» HIEF 5 AR Y EEES = ? kI/hr-m’ - (B)
MRS 0.5 A7rEVHEEY - HREMRE=115 °C » &% 20 "CHURRF » HERZTIIH TR
{#{AE=5 Vhr-m>°C  HIFREARENHIELR="? J/hr-m - (O)# Stefan-Boltzmann
constant £ 5.676x10° W/m*-K* » HIIELAE7E 500 °C BEHUHAGRETRE= ? W/m®  (10%)

TAEFEEFATHES 1§ 110 kg/min 27K 45 °C JIFEZE 75 °C > B2 AT R TR 5]
15 135 J 85°C o L HABE{AR 450 keal/hr-m2-K » 7KEEEVE 1.0 keal/kg-K » sR(1)HFEL(2)
NEFEIRE 2 (AT (m®) = (10%)

8. ER(AVHEERBENRE » FRARE PR » #T7EEHAANIESL (equimolar counter-

1
—_
]

@A
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diffusion) « ZEVSEEES 298 K » MEEE A 1.0132 x 10° Pa i » & AAEHH 0.1 m BYE T EHIE
5 DEIERIEEZ B 1.013x10° Pa~ YEAAF IS EES 0.507x10° Pa - HEHEUAEL Dan=
0.230 x10™ m¥/s » RIFISIRFERS 2B A T 8BS (kg-mol/m’-s)? (10%)

0 FH—TER ST 80 mol %6 FEE R, 20 mol% k2 IRA VM - BIHEYIR 2 95.0 mol %H
B2 TSEES 0.05 mol%EEE « JERIE%TE  ENEEEZZER » F 0.25 mol (7
VEIESERIAR Akt - RIS TEC EVELS 2.5 BEIKREE S - HaTEOEERE  (2)
R AIE - (10%)
B0 ¢ PRI P

X 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9. 1.0

y 0.417 0.579 0.669 0.729 0.780 0.825 0.871 0.915 0.959 1.0

10.— A 20 °C 2254, DL 15 m/s BEHBSVER 10 om Z &4 - HEEEZIRER 220°C
kBT E T BB R (W/m) « B4 © 7252 B (p) = 0.0009 glom® » FEEE(L) = 0.02 cp» 7
{EE R E (k) = 0.03 Wm-k » [EZ(Cp) = 1.1 J/g-K - (10%)

BRSNS FiBh ¢ Nu=CPr'"Re"

Re C n
0.4~4 0.989 0.330
4~40 0.911 0.385

40~4000 0.683 0.466
4000~40000 0.193 0.618
40000~400000 0.0266 0.805
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1. (16%) Explain the following terms:
(a) The first law of thermodynamics
(b) The equilibrium and steady states
(¢) The critical temperature

(d) Two-parameter theorem of corresponding states

2. (10%) A system comprises water and ethanol.
(a) What is the maximum number of degree of freedom of system?
(b) What is the maximum number of phases of system?
(c) At20°C, 1 atm and vapor/liquid equilibrium, what is the number of degree of freedom of

system?

3. (14%) A mass of 5 gmol of gaseous ammonia is contained in a 5 liters vessel immersed in a
constant-temperature bath at 400 K. Calculate the pressure of the gas by each of the following:
(Te = 405.7 K, Pc = 112.8 bar)

(a) The ideal-gas equation.
(b) The Redlich/Kwong equation.

_RT &)
V-b V(¥ +Db)
2 2 3
a(T') = 0.42748 ROJ:C  b=0.0866422¢ ; e 31T 000
Tr™ Pc Pc gmol - K

4. (10%) A nuclear power plant, rated at 1,000,000 W (MW), gencrates steam at 600 K and
discards heat to a river at 300 K. If the thermal efficiency of the plant is 70 % of the maximum

possible value, how much heat is discarded to the river at rated power?

v A AR



=~ B2 (50 %)

1. (10 %) The reaction rate of a chemical reaction at 400 K is 5 times of the rate at 300 K. Use
Arrhenius law to determine the activation energy of this reaction. (gas constant R = 8.314

J/mol.K)

2. (20 %) Liquid A decomposes by first-order kinetics, and in a batch reactor 50% of A is

converted in a 10-minute run. How much longer would it take to reach 80 % conversion?

3. (20 %) The elemenrary liquid-phase reaction

—E k, =6 liter/mol -min
A+B R+S
k2 k, =4 liter / mol -min

is to take place in a 90-liter steady-state Continuous-Stirred Tank Reactor (CSTR). Two feed
stream, one containing 3.0 mol A/liter and the other containing 1.6 mol B/liter, are to be
introduced in equal volumes into the reactor, and 70 % conversion of limiting component is
desired. What should be the flow rate of each stream? Assume a constant density throughout.

(Hint: -7, =-r, =k,C,Cy —k,C,Cy)

3.0 mol A/liter %_ 1.6 mol B/liter
v= ? liter/min . vg = 7 liter/min

¥

OO R
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— ~ [RFERALFE(30% ; BERE 6 77)
1. Central dogma
2.cDNA
3. Apo-enzyme
4. Michaelis constant
5. Active unit (IU)

=~ fERE(50% ¢ ERE 10 47)
1. FiERBAE o B BRI R ?
2. %378 Enzyme-Linked ImmunoSorbent Assay HY[R3E ¢
3. FEEtHA Yeast two-hybrid system JFEE F{a] ?
4. FHAGBLH IR B RS R AR E R 2 7
5. &= Lac operon {F IR ?

= M E(20%)
SRR TR - HEEHEEEE )2 Michaelis-Menten /A7
a. % EHESE S KENT » #LBRNERERHTEE L, kb, b T8

kl k*; )
E+S = ES = E+P

ke {ya}
b. #E3E Michaelis-Menten A FCHTHITIE B AR R R FEL
()[ES] A&
QR RRE A
G)IEFER vo
DEARFIEHREER (V) B ATH R [ES]
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1. 3R IM HF /AR EIRIEEUE 758 - 35157 0.01 M Ca(OH), 7K/E RS HRIRE0E 591 -
2. EEREA B8 (Cu) R e PAEE AL (HCluw) 5 4 K2 FEAT S ELRH B (HNOseo) 85 A2 S FE

3. BB SR RESUEKP - EEFER  BEHRREE

4. FHSINE : Ny +3Hy <> 2NHag) * AH=-9221J - B ELMNERFESE - (DEHEE
77~ QWIS REESE ~ SQFEEREY NH; » 57 BIERI 2 45 T2 &) -
(LAY EERE CHiCL » M5 F8 K 546 gmol « HoFH Afal ? JF1E CI=35.5 -
SAEREA R A 7K R BRI RAH -

HREETE 75 CRYZA RS 800 mmHg » %E%%Eﬁa’“ 75°C > 1 atm B YE BRiE s FA -
A H TFHEEYRI 44 © (1) NaHCO; 5 (2) FeCly 5 (3) SFe

. H "V{ FEEREE R ESIER ¢ Cr0s + Na:COs + KNOs =2 CO:z + Na:CrOs + KNO:

10. REA T4 FHIE# A © (1) NCLy 5 (2) HoO

R B

~ETERE (&E 104 0 L4049

HoR T BT EE(H2SO4 98wt 90 IRSTEH EIREM) » (R E:5=32; 0=16)

Ve A RIES 6 COyg + 6 HaOgy > CeHinOpag) + 6 Oy AH=2520KkJ »

EAECEEREL 80 g FEINE(CeHOg) » HIFERULZ DIERE(KT) ?

3. HE 1Sg FF—RREET » #E-45CRBEINELZE 40C RRBATREE R ? LW ERIE:
=20.8°C ; JREEHEZ=0.781/gK : FALEEEL=0.54 J/g-K ; FEHEE=180.2J/g -

4. B4 Fe03+3CO0 > 2Fe+3C0O,  AH°=-28.0kJ

3Fe+4C0, > 4CO+Fes0y  AH°=125K]

SR S 3Fe,05 + CO = CO,+ 2Fes04 Y AHC{H -

!‘3'.—‘[1
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1. Please calculate the atomic packing factor (APF) for the SC and BCC crystal structure. (20%)

2. What is the coordination number of the BCC and FCC crystal structure?
Please draw a picture to explain your answer. (10%)

3. Determine the Miller indices for the planes shown in the below pictures of unit cell. (10%)

4. Describe in your own words the strengthening mechanisms in metal. (1 5%)

5. Cite the relative Burgers vector—dislocation line orientations for edge, screw and mixed
dislocations. (15%)

6. An n-type semiconductor is known to have an electron concentration of 5 + 10" m™ If the electron
drift velocity is 350 m/s in an electric field of 1000 V/m, calculate the conductivity of this material.
(15%)

7. Two previously undeformed cylindrical specimens of an alloy are to be strain hardened by
reducing their cross-sectional areas (while maintaining their circular cross sections). For one
specimen, the initial and deformed radii are 17 mm and 12 mm, respectively. The second
specimen, with an initial radius of 13 mm, must have the same deformed hardness as the first

specimen; compute the second specimen'’s radius after deformation. (15%)
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1. Explain the meaning of the following: (20%)
(a) hydrogen bonding; (b) London dispersion force; (c¢) Intramolecular force; (d)Ionic bonding

(e)Driving Force

2. Which substance in the following would be expected to show the largest vapor pressure at a
given temperature? Please arrange them from highest to the lowest and explain your reasoning.

(10%) CH30CH; (1) or CH3CH,0H (1) or CH;CH,CH,0H or CH30H (1) or CH3CH; (1)

3. Give the Lewis structure for each of the following(15%)
(a).HF ; (b).N2; (¢).NH3; (d).CHs; (e).CFa;

4. Calculate the volume of oxygen gas produced at STP by the complete decomposition of 20.5g of
potassium chlorate. The balanced equation for the reaction is (10%)
2KClOs(s)—>2KCI(s)+304(g)

(note: 1mole K=39.10 g ; Imole Cl =35.45 g)

5. When a 0.3546g sample of vanadium metal is heated in air, it reacts with oxygen to achieve a
final mass of 0.6330g. Calculate the empirical formula of this vanadium oxide.(10%)

(molar mass: 1 mole V=50.94g)

6. Please naming the following binary compounds. (15%)
(note: I: iodine; F: Fluorine; CI: Chlorine; Na: Sodium)
a. CIF5 b. N203 C. 12C16 d.CSz e. NaCl

7. How many volume of 0.5N H,SO4 was needed to naturalize the 0.8N KOH with a volume of 0.4
L (10%)

8. The methanol can be produced by the reation between carbon monoxide and hydrogen. Let’s
consider this process again. Suppose 68.5kg(6.85x10") of CO(g) is reated with 8.6kg(8.6x10%)of
Ha(g). (10 %)
2Hy(g) + CO(g) — CH30H()
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1. One mole of solid Cr;03 at 2500 K is dissolved in a large volume of a liquid Raoultian solution of
AlLO; and Cr;0; in which Xcao3 = 0.2 and which is also at 2500 K. Calculate the changes in
enthalpy and entropy caused by the addition. The normal melting temperatures of Al;Os and Cr203
are 2324 and 2538 K respectively, AHm, arnos = 107500 J/mol, and it can be assumed that ASy, aros

= ASn, cr203.

2. A quantity of supercooled liquid lead is adiabatically contained at 595 K. Calculate the fraction of
the lead which spontaneously freezes. Given
AH,, =4810Jat T, =600K
Coy=324—3.1x10°T JK
Cpey=23.6+9.75x10°T J/K.

3. Explain, with necessary schematics, the correction terms in the van der Waals equation, (P + alV?)
(V — b) = RT. Demonstrate the law of corresponding states by writing this equation in terms of the
reduced variables Tr, Vi, and Py (including the proof of Te= 8a/27bR, V= 3b, Pa= a/27b%).

Finally, calculate the value of (B_U_) for a van der Waals gas.
T

oV

4. The densities of solid and liquid lead at its normal melting temperature are 10.94 and 10.63 g/em’,
respectively. Calculate the pressure which must be applied in order to increases its melting
temperature by 20°C. (Tm = 600 K, the atomic mass of Pb is 207 g/mol, and the molar latent heat
of melting of Pb is 4810 J)

(BRE25 7)
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1. H—50 DRZHAKRH » —KFAFERIHEH 30 94 d > EF@EATET 6 AR - &
B R AL A 0.2 A ()36 A PR B 3 ()R 7 P AR 8 35 B (3) & 1 FiAE 8 5 = (15%)

2. F— 2052 FB200 AR/Fregi B S RBEZ AR T KREZA2 AT F TR
Z b A 0.03 F/5Cr B RAZ RS ANA S FRZBE Rt EFBHEGZZREY
(15%)

3. MELEE SN AE+Q B+H4Q  FAEL - B HIANE =BT > sAE 18 & HiE
T o MR E AL EHFHME ~ KPR EH(ERE) ° (15%)

4, AP RGEFFEGEAaA D EEAL R RETam 2 (F)A(IKLB) £+ B
BRI Ao E R AETE | ARM) BB S | RR(A) A% ER G w4 4n x107
Wb/Am » 33 B 48 B M= Barsete B A=2448/ >R (15%)

5. & R (Hall effect) > #&RFREFRTRGREAM ? RFBEM)Z Ao THA 7
(15%)

6. MELF : (25%)
(HEXF Q)&= (3)38 45 32 () b #h(Doppler)ik Fe (5)E &
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1. 2B EHARTRTANERE SRR SR RRIR MBS R A
BISTE ? 4L - DUE—ELRESEENA » ERRRRER AR A LR 715 ?
Pt fERRE - SRR

(10%)
2. FBKBESE=M 0 SERTEH =8 ? =R R AR s ?
(15%)
3. BANEEEMT -
SHAsTHE A EFH) BODs ?

Temperature of sample = 20°C

Initial dissolved oxygen is saturation

Dilution is 1:30, with seeded dilution water

Final dissolved oxygen of seeded dilution water is 7.2mg/L

Final dissolved oxygen bottle with sample and seeded dilution water is 1.5 mg/L

Volume of BOD bottle is 300 mL, seeding volume is 10 ml.
(15%)

4. BRIGYYINEIRES B RANTS YY) (gaseous pollutant) EHATS He(suspended
particulate pollutant) » 5543 BIFIHHE V5 4RI RER ALy MIE 7 HIRAYZE RT3
Yy o rBIA LR R E R frg R B . 7
(15%)

5. RS /K R IR M & BEKIR - SERREATAL BB KIS YT e AWk
EeRsy 2 AL o HEELEEINEE —RIEYE RS o SUERTH - BB E AR E T EA
5G9 |

(15%)

6. TEERIEE— 2000 ce HOYRE  FEHFITEIGL » BER2AT 100 kan » EAR B AFHSHTT LU
10 km BRI ETORERE > S IR S A EEGT TR S €O, ?
(15%)

7. BoKEVREEER T  EHERERE AN AYEE A FieESR RS IeE
(Activated Sludge Treatment Processes)EE{EFAZ » WG EHE B REE I —S%E1E
= ?

(15%)
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