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1.F]F U B 25 TH(U-tube manometen) I ESEBINRE T B2 » 2B TES RIS R/KIR
(FEE = 13.6 gom®) » EHVRAERS/K(EE = 1.00 glem’) » ELAIZERRE HAVFRELES 25.0 om » #
BRI FERS R N/

255 EEE T HIRAA TS DB R T A ZFRIRIZE R © (A)LEZEE (specific viscosity) BEEEIZL &
(kinematic viscosity) * (B)/@¥fi(laminar flow)E2Z5 i (turbulent flow) » (C)EEFER & Z2fRH E
(interstitial velocity) B ZR 3 (superficial velocity) o

3mERT—REFEAEIEEFREERETRIEEEBNE  E - HEEEESE - 5
R (A) TR BRI O RFEHEE 7T - f3E%E (Pitot tube) ~ AZKET(Venturi meter)Ei/[NF,
&1 (Orifice meter) A Z= R ?(B){EFARHIEE 1 Z BLISGHETEIRE 5 T » FZHE7E (Pitot tube)EyR-1-
2t (rotameter) A (A 2= 522

4 SR TR AR MR, > LARFEEYEIES - (A) Sh (Sherwood number) - (B) Se
(Schmidt number) » (C) Ng. (Reynolds number) > (D) Bi (Biot number) > (E) Pr (Prandtl number) -

5. BRAZREIE Z EIFR EERTRE o (A)f/NEIREE(minimum reflux ratio)REFTFE AVERAEAN BlE 24
? BEFFLLEMR Y B~ VEIFREE R X ol A EEAgE 7 S ER A B S R R [EI
LE(optimum reflux ratio) °

6.5 BIFR AP R WETEFEA)EE E4ERIIRE A,
FREERN AL - R A B A [ZATERSER
(view factor) © F 1y ~ Fig~ Fo B2 Fyy ©

RN EE - HREEN CERFTE - OFER 5 D089 K (EVEERE=0.2
keal/hr-m-"C)FTRIEHIHEEE - EPISMERRE 53 HIZ 1000 K 50 °C » RGP A A RVEGEAR
= 7 keal/hr-m® * (B)SME S 0.50 A3 HISA4R » ELRERRE=150 °C » A 25°C BARGET » %
72 G T BVERE=S Jhem’-°C » QSIS A RRENEIBLR=? J/hrm - (OF
Stefan-Boltzmann constant £ 4.88x107% kcal/hr-m®K* > BB A7 500 K HyHEEEE RE= ?
keal/hr-m? o

8. LIk NH; » BV NH; & AT B RATME #78 K,’a = 3.5 Ib-mol/ft>-hr »
S (B8 kya = 45.0 b-mol/ft’-hr ~ VRIEE (RS kya = 90.0 Ib-mol/ft’-hr » SK(A)ZEHTHR
ZRIE > (B)RABSEE ERE Ky a (1b-mol/ft’-hr) -
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—  EERE  60% 0 FSRE 1253

1, —Z5BHEHIEEE 500 ke-mol ZER o SHA/INEHIA 50 ke-mol ZFR - Wit 20
kg-mol Z A TME RIS  FIE IR TSR3 08 B FIBNLAS
(N B SR SRR + BRI Z I A B8 A -

2. % e Y i (falling film) 0 & [ B¢ 2 J@ R ¥t B (laminar flow) » S A M B U, =
(ps?) QWIX[1-0I3Y] » i p BFHEEE - ¢ BEITNME - 5 SWEHE - 1 B
R x BRI EE R B AR S 2 TR - REERER-L W
s T AR EL B S - DUR R 12 F5160) 2 Dk () BB AR - FNI(A) LT
BT B TS (Une) BT (B)VEFAFAY RS BIFE S () BT? (O)VHR{FE I EE
B2 1 EAT? (D) I (Unve) B AR (U 24

3 BB R R AP RIRE - A —ER 2.5 mm AUEEAR > XK 4.0 mm FERIHEE
BB HEVEERE(OF 0.45 W/m-K » BERRER 25 °C IR - HEREVERED)

5 15 Wm*K » SR EMINRVIREHRFEBIE 150 °C B2 EEEIECHE - SR
PR (critical radius) © (B MUZBEVERY - BARERIBRIW) - (OBEBR/ER -
FNRERRZEGERW)

4 [ FHEE # A Ha 25 (double-pipe heat exchanger) > B 23R 50 kg/min FY7KH 25.0 °C ju#iE
70.0 °C » Byt ATRH CHREES B 120.0 °C J 80.0 °C « A HAZE Y SRR
(overall heat transfer coefficient)f 250 kcal/hr-m*-K » 3K(A)i¥i¥i (countercurrent flow) » (B3l
(parallel flow)i¥ Z (HEAERE(m’) » (C)ik L IMEBNEREZ SHEAER - FhR A o 0 e A o
ZERME - fRER - ZKBYEERR 1.0 cal/g-C -

5. BN IE RS <RI RIRE - BEt R R — EEEEEEHE £ N R EIKIEETR IS - E.40
FETEK R BB RS 2.5%107 em?/s » BEAIERERS 0.725 g £/100 g 7K - ERFHE PR 1.2 om ~
§ 20 cm  IRIEZ B K UREE (Umax) = 30 em/s » SKRESRAEIK H 2 KGR SR (g-mol/s)?

. 2 .
B > Sh= ——=Re'?Sc"? » 43F & : Cly =71 g/mol » B : 7k=1.0 g/em® -

Tr



HCAAHBAE D EERARA AL — RARE AR LR L 4R &

Pl ITXIREFTE @i T a4 8 ERR

AE MELTRE ERMFES AR 10054 HBAL2H 1 B

1. 30%) AT RS HMEEETAFERLFHNEENE - BEEH/EEEE
e~ R~ RERAR - ETEVER B R R KRB E A LR

PR 1 Eil [ % HRAR
o B A O R B 150,000 20,000 50,000
I B 5 B R AR $2,000 $400 $600
R AT HE 8 15 10

RTETHEEAESHRE ERESTEERESHEN 50% - B4 EEESED

VAR RS HRER 20% -

(2) MR(EIWEF LIRE 24,000 7T - AMIFESEEESMZ O RES - 7 DUEEB
B RBERES ? A REE ? RBERBEEZD 2 25%)

(b) ZREEEHEER 25,000 ¢ - AVBLURMBURIGINZ 2 2 (5%)

2.(20%) LPZ0°F > Min 10x1+20x2
s.t. 3xi+x2 260
x2 210
x1+3x2 230

3x1+2x2 <96

X ,%,20

(a) [EfE (15%)
(b) HERFRERETE > HIERRE ERRFFEEZEHE ? (5%)

3. (20%) FE T B RERATERNE - DI E KR ERE -

[20] $2(15) L]
1 [-15] A4
$3(15) $5 w $5
$ $1

[10] $4 [-20]

~ 3 @ % A~
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(2) RE/INEBAE (10%)
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1. [15 points] Parasol systems sells motherboards for personal computers. For quantities up through
25, the firm charges $350 per board; for quantities between 26 and 50, it charges $315 for each
board purchased beyond 25; and it charges $285 each for the additional quantities over 50. A large
communications firm expects to require these motherboards for the next 10 years at a rate of at least
140 boards per year. Order setup costs are $30 and holding costs are based on an 18% annual

interest rate. What should be the size of the order?

2. [30 points] A company produces high density disks at the rate of 1800 per day and are shipped
out at a rate of 800 per day. The disks are produced in batches. Each disk costs the company 20
cents, and the holding costs are based on an 18% annual interest rate. Shortages are not permitted.
Each production run of a disk type requires recalibration of the equipment. The company estimates
that this step costs 180 dollars.

(1) Find the optimal size of each production run and the time between runs. (10 points)

(2) What fraction of the time is the company producing high density disks? (10 points)

(3) What is the maximum inventory level that the company has in these disks? (10 points)

3. [20 points] Please address and explain the meaning of the following terms
(1) BPR (5 points)
(2) DRP (5 points)
(3) QCC (5 points)
(4) DFM (5 points)

4. [20 points] To evaluate a production line, throughput and cycle time are usually adapted.
However, throughput and cycle time might be effected by various factors such as machine

utilization, WIP, and production scheduling. Please address the following questions with appropriate

reasons and analysis.
(1) Is it possible for a line to have the same throughput with both high WIP with high cycle

time and low WIP with low cycle time? Which would you rather have? Why? (10 points)
(2) Does high machine utilization usually guarantee high throughput and low cycle time? Why?
(10 points)

~ % '@ A RAE~

o1-
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5. [15 points] On consecutive Sundays, Mac, the owner of a local newsstand, purchases a number
of copies of the Computer Journal, a popular weekly magazine. He pays 25 cents for each copy and
sells each for 75 cents. Copies he has not sold during the week can be returned to his supplier for 10
cents each. The supplier is able to salvage the paper for printing future issues. Mac realizes the
weekly demand for the Journal is approximately normally distributed with mean = 11.73 and
standard deviation = 4.74. Please address the following questions.

(1) How many numbers of copies should Mac purchase each week? (10 points)

(2) If copies Mac has not sold can be returned to his supplier with 20 cents, please determine the

new quantity which Mac should purchase each week? (5 points)
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1. (12 %) Explain the following terms:
(1) The second law of thermodynamics
(2) Intensive and extensive variables
(3) Degree of freedom

(4) Three-parameter theorem of corresponding states

2. (10 %) 1 mol/s of steam is compressed from P; = 1.2 bar to P, = 8.0 bar in a steady-flow
compressor. Delivered mechanical power is 10.0 kW. Temperatures and velocities are: T; =
300 K, wy=10m s™'; T, = 500 K, u= 3.5 m s™'. Estimate the rate of heat transfer from the
compressor. Assume for air that Cp=(7/2) R and that enthalpy is independent of pressure.

3. (10 %) An ideal gas undergoes the following sequence of mechanically reversible processes:
(1) From an initial state of 30°C and 1 bar, it is compressed adiabatically to 150°C.
(2) Itis then cooled from 150°C to 30°C at constant volume.
(3) Finally, it is expanded isothermally to its original state.
Calculate values of W, Q, AU, and A\H for total processes. Cv = (3/2)R, Cp =(5/2)R

4. (10 %) A mass of 1 mol of gaseous ammonia is contained in a 1000 cm® vessel immersed in a
constant-temperature bath at 150°C. Calculate the pressure of the gas by each of the following:
(Tc =405.7 K, Pc = 112.8 bar)

(1) The ideal-gas equation.
(2) The Redlich/Kwong equation.
RT a(l) . RZTC2 RT, bar-cm®

P= - ;o a(T)=0.42748 — ; b=0.08664 ; R=83.14
V-b V(¥ +b) Tr™ Pc Pc mol - K

5. (8 %) A Carnot engine receives 300 kJ s of heat-source reservoir at 600°C and rejects heat to a

heat-sink reservoir at 40°C. What are the power developed and the heat rejected?
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B A TEN I EGERESIERFE)
(—) ~ fERESLEE (10%):

1. Order of the reaction

2. Elementary and non-elementary reactions
3. Michaelis-Menton mechanism

4. Arrhenius law

5. Collision theory and Transition-state theory
6. Half-life method

7. Space time (t) and space velocity (s)

8. Chain reaction mechanism

9. Recycle reactor and Recycle ratio

10. Autocatalytic reactions

() ~ FIERE@E0%):
1. (10 %) The decomposition of N,Os in the liquid phase was studied at constant temperature

2A @~ 4Bag * Cag),
the following experimental results were collected:

[A], M 0.10  0.0707  0.0500 0.0250 0.0125  0.00625

Time, min 0 50 100 200 300 400

(a). What is the reaction order (n) and the rate constant (k) for this case?
(b). Calculate the concentration of [A] after 160 min?
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2. (5%) In a study of the isomerization of n-propylidiene-cyclopropylamine to
5-ethyl-1-pyroline, found the rate to be first order. The rate constants were
T(K) 313 319 323.0 328 333

k(s™) 0.00043 0.00103 0.00180 0.00355 0.00717

Evaluate the activation energy (Ea) in terms of kJ/mol and the prefactor constant (A).

, . kC . ) )
3. (5%) The reaction A — B, -r4= 1 A_ occurs in a batch reactor with 80% conversion.
+Ca

Ifk=1.0 (min™), Cao=1.50 M, v, = 180 L/h, what space time (1) and reactor volume (V) will
be required for (a). CSTR, (b). PFR?

4. (10%) The reaction A — P, =X A2 +3X 5 + —}—{}— + 2 occurs in a reactor with 60%

—TA A
conversion. Ifk =1 (min'l), Cao=1.20 M, F5,=100 mol/min, what reactor volume (V) will be
required? (a). CSTR ; (b). PFR.

5. (10%) A homogeneous liquid reaction with Cao=2 M, k = 0.5 (L/mol-min),
A—P, —15 =kC,? ,
takes place with 70% conversion in a mixed reactor (CSTR).
(2). What will be the conversion (Xa=?) if this reactor is replaced by another CSTR 2.6 times as
large and everything else unchanged?
(b). What will be the conversion if this reactor is replaced by a plug flow of the same size and

everything else unchanged?






H-AEHEAS 9 FEERMRARALE —RAREEREER £ 4 &

PRl _ALR T RB KA @ 8 ARBHHM
2% MAELTE RANES > FRARHE 0 10004 HB#A2E-F 17

i

1. 7E 1000 cm FAUEAE L - SHETAEBSERE 37 cm/sec » SRS M REI R S 1.27 min
PEIEFRS 0.88sec FAK 1 (A) MRERER t, - (B) HEETF K- (C) AXIRH N (D) H
WG H & T 2 (Negr= 5.545 (tR'//Wi)*) [10 %)

2. YRR AER I EANIRIF S TSRS G, - IR, - X-5HE + 52508 - 4T415% - 7R
S - AERIT AR B - (10 %)

3. JBWRAERE C R 16.67 % BOE  BEAFEILEERE - M E E A AE R
2C IR EE T HREDE 7 [10 %]

FEH NI ETES AR AT RS IRIES | SRR - 25 - ZIRFRER QG AEEEERAAIRET - [10 %)

s
k=]

5. FRERCREEHEMRIAR - (A) B B) AL (C) BBHHIBI > (D) MEHHIREES » (B) Lk
HiERE - [10 %]

6. TEIESPE RO A RTE R -FET(OSO)EIEE » B - ={EEE L s
TATERE ? - [10%])

! BRAY DSC g

PR (m] /5)

| 1 1
400 500 600
T/K

fiZ R %) 4% 28 JR B (A) DSC (differential scanning calorimetry) ° (B) TGA

~

(thermogravimetry) - [10 %)

o1-

~ % @ A R~
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8. FHT%INMR G3treE+ - AT EIREARETAAT - (10 %]

600 500 400 300 200 100 0
| i T T T

TS TOE POV TV FUUUY TOVSY FUTE TYOUE FUVOR FOVUN FUTVL VOVIN POVOY TTVL CYVOTTOTEY FUVVE TPt DYV PPN OOTO
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

& (ppm)

3- MRIB AR NMR i

9. —fRKIEAIRTPIMOETEE(AAS)Z BERIGIFHE IR AFEIRLE ? s - [10 %]

light-sensitive detector

electronic readout system I

[1,7 2 = | A -
light source - usually = C - ']

-
a hollow cathode lamp ‘ ’._—"

atomizer
(flame, furnace monochromator
or hydride)

. > solution

(blank, standards
or sample)

10. 78 UV-Vis IRIBERE RIS BB S ERAR SN F R B 51

FRIESEIME A B BRI - WA EALLHS 2 [10 %)
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1. R TEFREREREE, (5)/E@s) - (15%)

2. DHBEHESIRARIRRRZZ M - S ABRWIRIRIESE I AR AN T8 > Gk R A2

JEx, (@), x,(t) ° (20%)
Gl btk Gl
= -+ e =
5 -6 5|lx,] U X0 o

3. WITFEFTRZEFEIRS > R K, - K, FH EHFEEFRMEEN K, - K, EE -
(15%)

K,s+K, 1 Y(s)

N T e,
R(s) — ’T > P (s-D)(s+3)

4. DAEI—HRIE T RE R B S A RS R B R R T

10
7(s)=——"——
) s?+3s+10

AT () = 2cos(21 +70°) » BIBIHEEE (1) ZIBEFTRAR 2 (15%)

A 4

o1-
~ % @ % R~
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X, 4 =3]|x,
TJ#2¢(uncontrollable)Z k fE ° (5 %)

s, aﬁn%%u,%ﬁzakﬁgmgzﬁ%{f'}=[0 ! H"}Jr{; }u(t) SR B RGRET

6. U TEFTRZEHIRI  BHEH @) =u, @), r)=1tu,2) > FEFu, @) BELTHREH nit
step function) @ EREZ AR MIEREREZR S ? (20 %)

din

R0 oty 10 i—»g—p ! S—f

7. WTEFTRZ ZRERA K R HIREE EE(damping ratio) ¢ ~ #EFHE B A 4ER (undamped
natural frequency) @, ~ + 3% ZZERFE (settling time) ¢, B AHEHLE (maximum overshoot) M,
ZEE - (10 %)

25

+
R(-V)—‘?:—* 2+ G5 C(s)
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Al _ MEITRBRAT oy _MEEHE B EFRE X8 )
A CMAELTAE EAESR - FRXFrest 110004 - RME 3 HE-F 1 E

AEERTE A BEALZ SRR - IRFF(V) » ZER(A) - BUR(Q) » FLRF(W)

— ~ QO%)FEI NI IEAE L FRIRRRA B/ INE 2 43 H 10 /N3 > ASKEERTS 20 43 -
(1) Voltage Controlled Oscillator, VCO
(2) High-pass Filter
(3) Light Emitting Diode
(4) Voltage Follower

(5) Bandwidth
(6) Complementary Metal Oxide Semiconductor Field-effect Transistor, CMOS

(7) Metal Oxide Semiconductor Field-effect Transistor, MOS
(8) Bypass Capacitor

(9) Input Resistance

(10) Bipolar Junction Transistor, BJT

T~ (10%)E 1 RGN ””Z%’éﬁ%ﬁﬁ&ﬁ%ﬂ%l » 8 A NPN 28 AL s slei2edi&
EYERES © H LED ZEARER 2V » BIRERE5V » Z4HE LED FTEE# 470Q 2R
FREERH - FE R R BB R RN R EE 0 B 9 BT @ ()iFEHHEHIERE
73) » (2)ERER 5 B AL EE Bl (Saturation)Hf .2 £28 (Collector) A5 i (Emitter) i 25 JHE
0.2V R R G TE A B AL BE AUATIRFZEH] LED 2852 35K LED 25w BHim %47 (5

)

~H & HF R~
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~E -
BBl RET BB @y _ MEEHe #8:_EFEFEEHED)
ad  WEOTRE ERTES > AREFME 110054 HMA 3 R % 2R

=+ (10%)E 2 BHE—ES e LED XETEE - SEB830E 3 {8 LED Al #idt
A 20 BN » 4948 LED ZIEMMRIERS 2V » &HE LED Z FEFUERETR 30mA (1)
=k Ry JER S QS 53) @ (N AHBTESRREIRFES D ThER? 5 57)

+12Vo

I~ 30%)E 3 B—/IMESRCRERE - KB ERBERBAERR 75 MBI
REERE 70 - ) FEBETRERR - SIRERRECEMHmBase) BN I STH5(Emitter) BT L5

HAEE#(Collector) BEHR 1c(10 43) » ()FARIERERSEH Ci ~ CHE G ZITABMA?G 4) » (3)
SRERAHERR R C, B C, IF C EERTHREZ EEBM2(5 43) » (HFERE/IMEFROHTRE » 33k
{E5RE B % (Voltage Gain) A=V ./ V,;,=2(10 43°)
Ve
118V
Re
R, 330 Gy
2 o I
Cl .
in © ){ 104F BDC =75
B(ll,‘ = 70
10 uF
RI
10 k)
Ry I e
12 k) lOM IIO,uF

~ % & % H R~
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i~ (10%)3 Lz ER BHRC B #8 DRAM(Dynamic Random Access Memory)Ei SRAM(Static Random

Access Memory)ft] & 7= FLE BB RLEL -

75 > (10%)3F FRRE SR 28 (Operational Amplifier)5EEF— 435 (Integrator) B1— /58
(Differentiator)FER » 5543 BUGHER BRI -

£~ (10%)E 4 PERRAR S BIRERRF15V 15V » FIGH Ve B V, & $ 8 KT
HETIRETE I P E R T P 7 L AR P R A R B A/ | M

& 4
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BRE2S 0 #4100 4 o
1. Determine the internal axial force, shear force, and bending moment acting at a section through

point B of the two-member frame shown in the following figure. (Note: 4, C and D are pin

|
50 1b/ft |
A k 3 3
, : %)

connections.) (25 %)

2. A 2000 kg automobile is driven down a 5° incline at a speed of 90 km/h when the brakes are
applied, causing a constant total braking force (applied by the road on the tires) of 7 kN.

Determine the distance traveled by the automobile as it comes to a stop. (25 %)

~ ¥ @ A R~
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3. The highway sign shown in the following figure has a mass of 100 kg with a center of gravity
at G. It is supported by pins at C and D and a cable 4B. Draw a free-body diagram of the sign
and the supporting frame. Neglect the weight of the frame. (25 %)

4. When a ball is kicked from A as shown in the following figure, it just clears the top of a wall at
B as it reaches its maximum height. Knowing that the distance from 4 to the wall is 20 m and
the wall is 4 m high, determine the initial speed at which the ball was kicked. Neglect the size
ofthe ball. (25 %)
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el B ETE 7 (10%)

2.5 T BRI BODs ? (15%)
EAIEIRAIT -
Temperature of sample = 20°C
Initial dissolved oxygen is saturation
Dilution is 1:50, with seeded dilution water
Final dissolved oxygen of seeded dilution water is 8 mg/L
Final dissolved oxygen bottle with sample and seeded dilution water is 2 mg/L

Volume of BOD bottle is 300 mL

3 ISR LI YRR » B4 tmax = 1.2 day” » Kg = 500 mg/L BODs » Y = 0.4 g-VSS/g-BODs -
S REE BODs J2E £ 140 mg/L | ;Ztti}%%ﬁ AR - LEEBEFIAREEALEE
FIAZE? (15%)

_F J< SEEEETE 400mm > HEE 0.003 > n=0.013 » ‘E/KEEREZ 0.8 H%E TR ER &R 5
? EKERRE S 03 K » MEERESERLD ?(15%)

1.0 — -
A N
05 1.11.2 1.3 \ N
sgapme A
0.8 —— AT |
\--ﬁamfu v
7 L
X ° / // /I 7K
0.6 . "
® P 7 N
d/D T /‘— B a/D
0.5 \ / >
P
0.4 o /
A / A
L V
0.3 7 - -
/ » =
0.2 =
o A gid WETKESE
- / g 2 kN
L] TV ST
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3

- _ Y g
X HEF Ve Lt Qren

%']'E -1- /\2;5\-



5 i@ Bl RIE M5 VB (Activated Sludge Treatment Processes) » g & HVE TS IEE B H—
EAETER ? (10%)

6. 285375 YL BURE S B SRR Y5 44 (gaseous pollutant)BEH7,RT5 44 (suspended particulate
pollutant) » FH43BIFIHIE VSRR B HESHYIE ? (10%)

7 T (Oxygen sag curve) i F{TFEEVIEI SRV 7 IR TREHI AR ST 2 24>
ESTOTTEIE S 7 & P ERYS YRR I © B SR B B & SR TR 22 2 (10%)

8 MEEAEBA—15 2000 cc FVREE  fEHTTT IS0 BRAZ 100 km > PREREFATHAH A LARE 10 km -
e TR T BEE GALE T - SEEZ D CO, ? (15%)
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PR _AACTRBIRA @R B _EABRERBERZ
2% WAELRE A AE  AAEFRHE 100 S RME 2 B % 1 F

— ~ FERET 445 (496 x5)
1. #LE (viscosity) 2. #uHE (terminal velocity )
3. [EITEEFEE (Fourier’s law) 4. Fick’s 55 — %1 (Fick’s second law )
5. EERETEEG (two film theory )

— - fHEEE T YIME
1. BRBAAE S BRI 2L - (6%6)
2. IRIRBYFETJEABE YRR AIBHRIE - S EAFTERT AR AR R DR EoAth = FE 3 E4iE
Vife (Bingham plastic, Pseudo plastic and Dilatant fluids) - (895 )
()

HHKET
N
AN
\A

3. ETEVEA =REHEH - (6% )

- BP0 SVEIFE KT - EEEESEEETIR  SRER S 4 I H BMEERE 450
PFHER » fEZ NEER 1600°F - CHIKEBNEVEEER 0.7 - fBEEE 0.046 - LiEES
0.4Btuhr ft°F1 .

1. FERHE 24 /NI BB ES 1.89x10° Btu » SXSRIESMEE BT © (10% )
2. FIEHIIRZE R - (109%)

[l

VU~ AR FRIRE -

. B BR[O R B A BN AR - (496)

- FIRMAYELRER 15%HABERTE—DFIRZBI T EMER 90% - 756
TR SR 196 WIEITRRE 5 SUKILREAT R BRI B R T (IERERIIK Y
TETEES AT HZRAAEE) - (1296)

3. EREF/KRREESY) B S B ITEARIR - BN A TR AT 7 3 1S MRS

DFEEERmIERTER (4%)

N =

-1-
~F @A R~
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& WMAEOFRE BSRAESR - 2RXFRI4A:

#E _BEARERRER R
méEe  HAHE2AHE 2R

WS B K 2 PRG3R
BEREC BAHPERR RAHPIEE DR

100 0 0
95.5 1.9 17
86.7 9.7 43.8
85.3 12.4 47
82.7 23.4 54.5
81.5 32.7 58.3
79.8 50.8 65.6
79.7 52 66
79.3 57.3 68.4
78.7 67.6 73.9
78.4 74.7 782
78.2 89.4 89.4

T~ B RKEENEFTR - BB RE RS B EERL - 5K

1. MERRALEEAERKEERET - (10%)
2. ZKMHEH 2m &= 0.5m FIEEHRE RIS - (109%)
it HEEERE Y Bernoulli SEEE ¢

V—2;YL+—‘g—Az+lwf=0

2g. 8.

2g,
hwf : R IR RE
L:HRERRE

D : RIS

wf = (0.5 + 0.024-5)
D

2m

500m




ECMREHAAE O EEEARA AL — A RE AR LI L 45 &

AR BRI R R @p A #HE BB
100 4 - WA 2 BB 1

S

2% ME OFRE BRAMESR sk

1. For the system shown in Figure 1

(a) Find KX;,K, andk, . (8%)
(b) Find the steady-state error for an input of 50u(f) and 50¢u(z). (7%)

(c) State the system type. (5%)

R(s)+ 10 C(s)
SS+1) >

(S+1) |

Figure 1

2. Given the unity feedback system of Figure 2 with
K
G(s) = 3
(s+10)(s " +4s+5)

R E(s) C(s
OIS oy R

Figure 2

(a) Find the range of K for stability. (7%)
(b) Find the frequency of oscillation when the system is marginally stable. (8%)

3. Given the system represented in state space by Egs.(1)~(3):

dx, (1)

dt _ 0 2| x,() 4 0 e )
a,@) | -2 -5|x0]| |1

dr

_ x,(?)
y=[2 I]LZ (t)} @)

-1-

~ 3 @ A R~



x,(0 1
(©7_ (3)
x,(0)] |2
(a)Find the state-transition matrix. (8%)

(b)Find the output, y(t). (7%)

4. Given the system

dx, (1)
dt _ 0 1 x](t) + ] u(t)
de,)| |-1 -3||x,@®]| |2
dr
_ x, ()
) =[1 1][x2(t)}

Determine the state controllability and observability of the system. (15%)

5. Sketch the general shape of the root locus for each of the open-loop pole-zero plots shown in
Figure 3. (20%)

¥ e e
S — Plane X S -—Plane X S - Plane
H— Qi 3% » O —O0—0 > O
X X
Fig.3(a) Fig.3(b) Fig.3(c)
R(s E(s) C
o (s) . 50 (s) g

+ _ s(s+3)(s+6)

Figure 4
6. Sketch the Nyquist diagram for the system in Figure 4. (15%)
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1.

Calculate the change in the enthalpy (AAH) and the change in the entropy (A\S) when one mole of SiC

is heated from 25°C to 1000°C. The constant pressure molar heat capacity of SiC varies with

temperature as:
C,=50.79+ 1.97x107°T — 4.92x10°T™ J/(mol - K).  (20%)

5 moles of ideal gas is subjected to the flow of (1) = (2). Please find the change in the entropy (AS)
of the gas for each path. (15%) : o
(Cv=1.5R)

(1) adiabatic expansion

(2) constant pressiire expansion
T=400 K
=300 K
T=200 K

Vv

3. Prove that the constant volume heat capacity (C,) using the Einstein theorem approaches

(1) 3R (R: gas constant) when the temperature is very high. (10%)
(2) 0 when the temperature is close to zero. (8%)

(3) Why Einstein and Debye were using C, instead of C,, to estimate the heat capacity? (7%)

hv
S . hv ekT
where the Einstein’s heat capacity:  C, =3nk k—

2
T) o)
[ekT _1]

h: Plank’s constant, k: Boltzmann’s constant.
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4. The Virial equation of state for n-butane at 460 KisZ=1+ A/V +B/V? in which A =—265 cm®/g - mol
and B = 30250 cm%g - mol2. Calculate the changes in Gibbs energy of volume reduced from 400 cm’

to 200 cm® at 460 K for 1 mole of n-butane. (20%)

5. Assuming that a silver-gold alloy is a random mixture of gold and silver atoms, please calculate the
increase in entropy when 20 g of gold are mixed with 10 g of silver to form an ideal homogeneous

alloy. The gram atomic weights of Au and Ag are 198 and 108, respectively. (20%)
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1. A pn junction is doped with acceptor concentration of N, = 2x 10" cm™ and donor concentration
of N, =9x10" cm™at T =300K, where silicon dielectric constant of 11.7 and &, = 8.85x107"
F/cm. Assume the intrinsic carrier concentration and junction area are 1.08x10" cm™ and 2000
% m”’, accordingly.

(1) Determine the junction capacitance while the device with the reverse bias (V) of 2V. (10%)

(2) An LC oscillator can be formed by the parallel connection of this junction capacitor (while Vz =

2 V) and an inductor (L = /1.9 nH). Calculate the resonance frequency of this LC oscillator. (10%)

2. A full-wave bridge rectifier with a filter capacitor produces a peak output voltage of 12 'V, deliver
120 mA to the load, and the output with a ripple of not more than 5 percent. The diode cut-in
voltage is 0.7 V. An input sinusoidal line voltage is 120 V with 60 Hz. After a power transformer,
the input voltage (v;) will be transformed as a particular secondary voltage (vs).

(1) Estimate the required filter capacitance C;. (10%)

(2) Calculate the peak inverse voltage (PIV) that each diode must sustain. (10%)




3. A circuit shown as blow, the transistor parameters are: transistor current gain S =125, BE
junction turn-on voltage Vg ,,, = 0.7V, and Early voltage ¥V, =200V

(1) Find the small-signal voltage gain 4, = v /vgy. (10%)

(2) Calculate the output resistance Ro. (10%)

+5V

R,=20kQ ;RC=2.3kQ

|

Ro
o Vo
c |
c1 Ce
JI { o R.=5kQ
+

4. Consider the circuit shown as following.

(1) Determine the output voltage vo for v, =+5 mVand v,, =-25-50sinwt mV. (10%)
(2) Follow (1), determine the peak currents in the 10 KQ and 20 K resistances. (10%)

AVAVAY,
1kQ
Vi1 o—-———/\/\/\, — 1kQ
AN v
+ +
1kQ
Vi —ANN—

5. Implement the logic function of Y= AB+C)+D+E in a CMOS design, where A, B, C, D,
and E are the input ports of logic function. (20%)



