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4
1. a.(5%) Compute 4 [2x+1]
dx |\ 3x-1

b. (5%) Give xcosy+ycosx—1=0, find &

2. (10%) Evaluate I—zdx
(1-8x')

3. (10%) If a closed tin can of volume 60 in.” is to be in the form of a right-circular
cylinder, find analytically the base radius of the can if the least amount of tin is to
be used in its manufacture..

4. (10%) Find the centroid of the first quadrant region bounded by the curve
y* =4x, the x axis, and the lines x=1 and x=4.

5. (10%) A particle is moving along the x axis under the action of a force of f{x)
pounds when the particle is x feet from the origin. If f(x) = x> + 4, find the work
done as the particle moves from the point where x =2 to the point where x=4.
(10 ) #y'=tan’(x+y) 284
(10 ) B +x")dx+3y’dy =0 23542
(10 %) ¥ Laplace transform #2 y" -6y +9y =£%¢*, y(0)=2,y'(0)=6
(10 %) & & y(x) H R

f(x)—1=ff[f2(x)Mx f(x)]dx £ £

W N

10. (10 4°) #4k % — 182 6 7 284 X K& H(Continuous-flow stirred tank
reactors) 2§t X HHE =234 7}( 714% 4 5% B (Mean hydraulic detention
time) 834138 3¢ AR Ci 8L & S B e BIRE C 2 Yo 48 7T i 0.95 (Steady state)e
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1. You are touring the research labs of the environmental engineering at your
university, Two biological reactors are in a conirolled temperature room that has

a temperature of 35°C. Reactor A has a strong odor. Reactor B has virtually no
odor, What electron acceptors are being used in each reactor 7 (10% )

2. Asummer intern has turned in his log book for temperature measurements for a

limnology survey. He was told to take the measurements in the air 1 m above the

lake, 1 m deep in the lake, and at a depth of 10 m. He turned in the following
results but did not record which temperatures were taken where. If the

measurements were made at noon in Judy in Sunmoon lake, what is your best

o  —— —

guess as to the location of the measurements ( i.e. air, 1-m deep, 10-m deep)?
The recorded values were: 33°C, 18°C, and 21°C. (10% )
3. Afixed-bed activated carbon has a fast mass transfer rate, and the mass transfer
‘ zone is essentially a sharp wavefront . Assuming the following data apply,
determine the carbon requirement to treat a flow 1000L/min, and the bed life.
(15% )
(1) Compound = trichloroethylene(TCE)
(2) Initial concentration, C, = 1.0 mg/L
(3) Final concentration C, = 0.005 mg/L
(4) GAC density =450 g/L.
(5) Freundlish capacity factor K¢ = 28(mg/g)(L/mg)”"
(6) Freundlish intensity parameter, 1/n = 0.62.
(7) EBCT (Empty-bed contact time)= 10 min

4.  Abrackish water having a TDS concentration of 300 g/m’ is to be desalinized
using a thin-film composite membrane having a flux rate coefficient K, of 1.5x
10 s/m and a mass transfer rate coefficient Ki of 1.8x10° s/m. The product
water is to have a TDS of no more than 200 g/m’. The flowrate is to be
0.010m3/s. The net operating pressure ( APa— A ) will bé 2500 kPa. Assume

the recovery rate will be 90 percent. Estimate the rejection rate and the

concentration of the concentrate stream. (15% )

I || |
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5. Please compare the fraction of conversion for a series of 10 completely mixed
reactors (CMRs) to the conversion for a plug-flow reactor (PFR) having the same
residence time of 6 hr.  The kinetics of the first-order reaction A B have been

studied, and the reaction rate, k, is 0.5 hr! and the initial concentration of A is

300 mg/L. (15%)

6. Devise an experiment to measure Henry’s constant for oxygen in water in contact
with air at 20 C and 1 atm pressure. (b) Determine how much oxygen will be

dissolved in water at 20 C if pure oxygen gas is bubbled through the water until it
is saturated. (Hint: Henry’s constant for oxygen is 722 x 10 atm-m*/mole at 20 C,
1 mol of gas occupies 20 L of volume at 1 atm pressure according to the ideal gas

law (V=nRT/Pand R =8.21 X 10'5 atm-m*mol-K), and that the density of at air

at 20 Cis 1.2 g/L) (20%)

7. Oxidation of Acetonitrile Using Ozone and Hydroxyl Radical: If (a) O; (ozone)
is present at 10'8 M or (b) OH radical at 10'8 M, what is the time required to
oxidize 100 mg/L Acetonitrile to 10 ug/L Acetonitrile? The rate constant for the

reaction of ozone and OH radical with Acetonitrile are 20 M"1 sec” and 2 x 109,

and assume the oxidant concentration is constant —d [Acetonitrile}/dt =k

[oxidant][ Acetonitrile]. (15%)
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— R (304)
R T H S A RFRBER A 3R AR ~ ThRERE -

1. Zoogloea ramigera

2. Nitrosomonas

3. Thiothrix

4. Salmonella )

5. Infection Hepatitis type A
6. metabolism

REEHE (344))
L SO A BRI A Y Hh 7 RAMSE R flE

|1

FieE o (1543) -
2. FOERIEES R R ? WFIBE MY T2 s
- (104)

3. MEMATY IR E (94)
(1) RBEE @ RBEE Q) BER

(1

ETEE (2043)

15— R FELE 50 SMEHSERR 50% » HoER S B8 48R
H]5ERK 90%? (10 43)

2.10° mole Na;CO; A 1 F7kFHFTEMEET pH BA?
H;CO3 pKa=107% pK=10"*? (10 43)
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W A (164) ERETIIEEA-OMRAZR

1. 357K 5. RIEESRSERGME.
2. 7K 6. Monod 2=,
3. Fﬁ7j< 7. SR
4. REEFK 8. Langelier Index
. KBRS mgl| A B C D E
Na" 8 8 0.5 10000 70
K 1 1 0.1 380 10
Ca™ 92 36 1.2 400 55
Mg 34 8 0.7 1400 10
| cl- 15 10 0.8 9000 80
NO; 8 0.5 0.2 - 10
S0,2 90 25 0.7 3000 55
HARREIRE R 430 160 8.3 35000 480
Manax [S]
F. &R NAEN M=
Ks+[S]
Vmax [S]
G. B pERE V=
. Km+[S]

H QK<I1, AGLO

I. QK=1, AG=0

J. QK>1, AG>0

K. pH =pKa + log ( (E8)/ (B8] )

L. pHa — pHs &: pHa ZKE9EHE pH - pHs 7kEE CaCOs ik pH
M. [OH]-+[HCOs]+[2C052 1+ [ HPOs2 ]+[NH; ]--[H']

N. AG=RTh(QK)

0. [OH]+[2C05*]—[H']

I | (|| |
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1. Explain
(a) Kinematic similarity, (5 points)
(b) Froude number, (5 points)
(c) Hydraulic jump. (5 points)

2. Does a stream function exist for the velocity field of
u=a(x*-y*) v==2a¢y w=0?
If so, find the stream function. (10 points)
3. A l.5-cm-diameter water pipe is 20 m long and delivers water at 20 L/min at 20 ‘C. What
fraction of this pipe is taken up by the entrance region? The accepted correlation is

L% =0.06Re, for laminar flow, and L% ~4.4 Reg/" for turbulent flow, in which L, is

entrance length and d is diameter of pipe. (10 points)

4. A copepod (Zk&:=/]NEh#)) is a water crustacean (FAERSH) approximately 1 mm in diameter.
We want to know the drag force on the copepod when it moves slowly in fresh water. A scale
model 100 times larger is made and tested in glycerin at = 30 cm/s. The measured drag on

{ the model is 1.3 N. For similar conditions, what are the velocity and drag of actual copepod
in water? Assume that the dimensionless force coefficient (F/pV°L?) is a function only of the
dimensionless Reynolds number (pVL/y). Water (prototype): x4, = 0.001 kg/(m's), g, = 999
kg/m®. Glycerin (model): 44, = 1.5 kg/(m's), pn = 1263 kg/m’. (15 points)

5. Please choose the correct answer of each following question.

(1). Two parallel plates, one moving at 4 m/s and the other fixed, are separated by a 5-mm-thick

| layer of oil of specific gravity 0.80 and kinematic viscosity 1.25 E-4m?/s. What is the average

shear stress in the oil? (6 points)
(a) 80Pa, (b) 100Pa, (c) 125Pa, (d) 160Pa, (e) 200Pa.
' (2). On a sea-level standard day, a pressure gage, moored below the surface of the ocean
l (5G=1.025), reads an absolute pressure of 1.4MPa. How deep is the instrument? (6 points)
(a) 4m, (b) 129m, (c) 133m, (d) 140m, (¢) 2080m.
(3). A floating body will be stable when its (6 points)
(a) center of gravity is above its center of buoyancy, (b) center of buoyancy is below the

waterline, (c) center of buoyancy is above its metacenter, (d) metacenter is above its center of
buoyancy, (e) metacenter is above its center of gravity.

I | (|
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Fig. 1
(4) .In Fig.1 water exits from a nozzle into atmospheric pressure of 101kPa, If the flow rate is 160
gal/min and friction is neglected, what is the gage pressure at section 1?7 (6 points)

(a) 1.4kPa, (b) 32kPa, (c) 43kPa, (d) 22kPa, () 123kPa.
(5).Given the steady, incompressible velocity distribution ¥ = 3xi+ Cyj+ 0k , where C is a constant,

the shear 7, at the point (x, y,z) is given by (6 points)
@ 34,(b) @x+Cylu, ()0, (@) Cu,(e) B+C)u.

(6).If a stream flowing at velocity U past a body of length L causes a force F on the body
which depends only upon U, L,and fluid viscosity u,then F must be proportional to

{6 points)

@ pUL/p,(0) pUE, () pU/L,(d) pUL,(e) UL/p.
(7).Minor losses through valves, fittings, bends, contractions, etc., are commonly modeled as
proportional to (7 points)
(a) total head, (b) static head, {c) velocity head, (d) pressure drop, (e) velocity.
(8).If a rectangular channel 3m wide laid on a 1° slope is built of rubble cement (Manning’s
n = 0.020), what is the uniform-flow rate when the water depth is 2m? (7 points)
(a) 6m*/s, (b) 18m’/s, (c) 36m/s, (d) 40m*/s, (€) 53m?/s.
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1. () ¥Hhiemmtisd pRPHBEFRFEA-BALEGAA RO Tk
B AN SY  FAAAR-EEAE  OFHE=RE
QFfHEBE—RE I ORBAH  @On A -

2. () "THRAHBRIAAESHREUB—HEY > FHARTAERHR
HPIPOREAMERN—HER  OREIRETIAR ) O TRAUMA
FEoRfit ) OHBAEERANEAMSFNETHERKE -

3. () HBRRFH 105k - AF 1000 H2 K% SIHHESH 20 % - KF 500 2K
. b M TR ITH B ? O EAMALZIRER K+ QR HEAT
AREZREBRK  QERFTFIETHEERE ) QIR EACH TR

LR

4. () ®R—BARH > 1.2kg HERATRILRTEEN? O P@BHE
@20C ; @1 £ H 2RBH ; @T60kPa «

5. () mRALARKAHRBRETZA PR HUAMBSEABRE?
A% O amEN  OuiEHEM -

6. () MARMMA HBR2LRALREBONY  BREGENTES  OF
AMigeE QERRLBE OERAFHBLH  OERBEVHS -

7. () —% 262 #k(Hz)$t — % 266 #kay ¥ L5 H 3% 5 A5 o Ja(beat)E R $
L204;,28;: P12 D16

8. () 48 (RFE=27) £TAMARAT &K E 2 025 mole ; D68 %, ;
DL51X 1M @A F : @3.01X1I0PMRF -

9. () HEI100g PHRAEZLATELBRFTELS P 2K ?0250;0512;
@125 ; @225 -

10. ( ) —E&+4% 0352 BaOH)» ®EE S V@ (£#) 2 02MHCI
FERAKFRE (i Ba(OH), 2 4 F&=171 g/mole) ? ©36: @24 ;
@18, @9 -

11 () TFHoOHAERTHBERE (REBRAK Y Z AT H Ka=18X%
10%) 2 ©®0.2M [H] ; @0.2M CH;COOH ; @4-7+4 % 0.2 mole HCl 2
A% @1.0X102M[HT -

12. () &k NoOs MR N,Oypy «—>2N0y) +1/20,y By — REME + B
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13

14

kB A k=4.80X10% sect » 2 — K82z NoOs A2 44 B A % 0.1 mole/ £
HE 100 £k N2Os ZEER F 0 (mole/) ? ®0.0953 ; @0.0593 ;
®0.0359 ; @0.0708 -

() RR-AKR25CT » R 1g AFHE RS RLER AT EZZ R

FhEFH (BELTAAIE21%) 7048 @3.6; 24; @120

() Bh—EAEHRZEREA 65 RR L LT ERR 16 £43

FTFTEF 420097 @0.79 ; @0.21 ; @053 ¢

15. ( ) Ttz BgER KX ?O LiClOs; @ NaClOo,; @ KCIO,; ; @

CsClOy4 -

=¥ ERMAM (40% » HAE 8% )

1.

»

.Lh

WwRAMLEPLE—ELE » SEBARRRGERR ) £— MBI -
BiRE AR AL SRR FRIE0 MERBRH B TRS -
W T RIS A AR T
(BRMBEREY AW RERTRITERET » AN TUBEALR
Botaodhtef BLALZPEYIO N AP BBTRAABYTHE
B RFNBEFRLTRT - )

BARATARTHE SR ENG A —BAFHRTFABAS — 4
TR R T4 0 AR XM A B R B (radioactive decay) « IR A LA
FHBRTFH RAAB LN BAKME S RBENEGTFRARTTF
HEBHFREREA - CoETFHH TR 12X10%%kg » w/s » BT FEIH)
B2 64X10% kg e m/s » RAR FEMRP S YRGB ER I G ?

A simple balance with unequal weights for the ém
two boys placed at different distances from the u%
fulcrum. What distance for the 600-N boy from — ”
the fulcrum when the system is balance? 300N

600N

EHMRET (CrO) ) HEBERFERICEHRET (Fe™) BBATF
(Fe*) $BRAEZME (O ) REB LERBPHHRR -

Ea—fbERMB: AB=C HEBHAMEHLREE  HREHB @
ZBETHIA=BI=0.04M 85 LR B RS
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FFr  BER
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0.18 moles/£-sec » XK 4 F LB A F ¥[A]= 0.08M ~ [B]=0.0IM K » X RB

RBRAT?

Z - @aE (15% )
1. 4% # ik (resonance) (7% )

2. MREEATLRE)AEHETREM)? (8% )
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AR BEHR
BE « TRERERHE

o VERRRAARYE A EVIRMREIE AR IR R 5 -

2(TEREEEIR S MR BN T TERRIGMRM | HREBEREAERA
FIE?

. 3.56 e BE RE 4 3% /748 2 (Sensorineural Hearing Loss) #5442 11825 (Conductive
Heanng Loss) °

4.5 R - i
SEHRBAT % b B4 R E RN EEE -

6. TR (AH) REAG (FRkEE EI ZEWERRY - KRHATHEM
F) FEMZEFETE LR

7R RS L E VI AT S FE R AL 2

8. AT EIMEMATRAL » 0 R TN GRINESTRERURFTLET
R ) - AIEEESE - —AHEELREAREY - A{TREREREIRR 7

E‘%E%kﬁzﬁfﬁﬁ%éﬂf‘aﬁﬁﬁ%‘? HHGEE MR -

10. %5——({H 200 ARYLRE » ERE—FH » $AET 3 KKEEET » A 40 RAVIAK
TAfFH - FEMLRERE—FUHER (FR) E’cﬁiif (SR) BRZL?




B 17 T b BR ok & | RH  RER
N1 EEEREL A B R A ST BIE gt

~ ~ ZEIEE © (10%)

LC ) E—ﬂ%l*ﬁ?ﬁ!@j]?é%ﬂﬁ%ﬁgﬂﬁlﬁé&ﬁiﬁw%ﬁ%
2.0 ) FEREEWELE - BREIEHERIGHE -

3.( ) REPRIEAILLRIE -

4 ) EEENERHTE -

5.0 ) SKIEREZMH - BbrHERRBOCRIRIFLLE S -

Z B (30%)
* 1{ ) mﬁnfﬁﬁmgﬂ%ﬁ“ﬁﬂﬁ (A) HEMEEE (B) IREEEME (O E“Aiﬁﬁﬁﬂz D)
! 2. ) E—EB’JJﬁj}‘F Eaﬂﬁ”’“éﬁiEOC&tC (t>0) H#Z*Eﬁ]‘ﬁﬁf*ﬁ}ﬂﬂ% 1.00 } a-
RILRESBERTIENTES - — ® —— © = @ = @®
t
a—1 ' i

30 ) T KRET » HLEHEFEER - KeNEEEEE 60C ALK 38CHER

250°C » ELMERMEREA RN TR E R EEEZE RS 1.0 mm > AIZEERE
' HIEES (A) 1.0 mm (B) 0.80 mm (C) 0.50 mm (D) 0.30 mm (E) 0.2 mm ¢

40 ) BUKREZKERAREE BB » (LM ETSREERE (A) KWEIRSE
- 94 (B) /KEIHFEERRIRS ARV (C) /KezERBEE/ N (D) BFEREK
() Yhabdiced; - |

50 ) BEBEARR—BREEER () SHEWERE B) WIERKHERE C) ETEs
HERAH M (D) HESREFHME (B) JIEmEEEE -

6.( ) —EAERNEERT - M iRBIR K EEERE - SRS 5.0 cmHg @ FHELIEFE 3
SRR/ o IR (A) 4.6 cmHg (B) 6.8 cmHg (C) 7.5 cmHg (D) 8.4
cmHg (B) 9.3 cmHg © . '

10 ) KRG - KNG ds: » B REAEEBLL - IBRERKSTH ) 2
EfEEE (B) FFELEIRE () 2ENEEiRE (D) =XCRENRE (B Bl .

8. ) MIERFERHEAZUE (A) #E B) 8K O #4 (D) =ZEFFEST ) 3
HEFTHPEE -

9. ) FE—KREET » ¥ 0C vk mEs 8l (A) 7KR—mE - BE—EAES B)
VKRR 100 RRYES - SLe 2B ROK (C) KL IR T2 O) H
KERAHAERSE EHARAAFERTRSE -

10 ) SLLOCHIKI : BEREEBHE T » ATRCRRIAIAE TR B R REE » e K

I (|

L)




L L RGE Y R)

JILBEILEMRBEAKE R | BIER
A LB Eﬁifﬁkm%i%ﬁ%% FE - g

e RIEREERET 7 (@ BE50 (A) 12 km (B) 20 km (C) 28 km (D) 34 km (E)
42km  (Hint : {t#% = 80callg)

1L( ) —EFNEREERPHRE - SLUNHERNSZEE R » B (A)SHEE
J3Ay (B) SREATREEEIN (C) RIBAIMEETSE D)5EHEHEIGINTTRER
2 (B) KEHIMEED) -

12. ) 8 | DTS E—SETE 10 08 WIBNEEGS 0.7 gom’ » FRBIGE
4.6x10°J/g - 55 | EHCRIBARIGIU . — AR BERERI AR AT » RIKE 10 AR
BERER » BIERIETHET 2 (A) 2.7x10° J (B) 5.4x10° J (C) 8.1x10° T (D) 10.8x10°
(B) 13.5x10° T -

13.0 ) AL - SRR AR AIEEE ) - S 2.7 W - RIS SRS
{REHIES (A) 0.010(B) 0.015 (C) 0.020 (D) 0.025 (E) 0.030 -

> 140 ) TEVRERRRE ) SERBITTBCRETEEILRAE  SIRCIMIRCRE (A) MRS
HER (B) MURERAERTE (C) MIEHMHMRMIFHRIZRIEA (D) BE
T gL (B) MPHEEE -

I5( ) FEERREEI MGl fIEIERE? (A) ERRETHFRE SRR
(B) Lh—frEB RS T T AR ERIR (C) EESKE R EE =Ry - BEahn=e
IREE ) LR TEE ) KiFERRgue -

= % 30%)

L. EHRMAR (heat capacity) « (5%)

2. SHEZRLLR (specific heat) o (5%)

3. MDA BRI TEARE - O%)
4 GEAERERREER TR - (5%)

5. SR A RVERAIHRE [ - Febrgl o (10%)

P9 -38E  (30%)
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EMBHFE KB R | LR
B ﬁﬁj:’ﬁﬁlm%’é‘&%ﬁitiﬁ% BIE © mpye

1L.—IRAARES 840 2K - BEUKEERAERTHER LT R EE - RIRME R EEN
IKIBAEEE ? “ :
[ Hint: (1) FFIEEISE—EE () KOTSRS 4.2 x 100 kal ]

kg °C
2—EIREERANREERE - B ARBMCEBE N = |, T B
BRI 1020 3ZFEET 25 A(1m’ » I0N®)» B(4m’ > {30 j,
40 N/m’) A 3
~ A V(m')
12314

3. —[BIfE R IEZE RALAEEE 2atm YRR - HIASTEES 3L - TMIALEE /2 300K - HjARYSREERE T
SRS (a) 7EERE THNZAE] 500K » (b) fEER MaalE] 250K » () TEEEE T inal
£ 150K (d) TEEZA MIIZAE] 300K © 3K
(1) BLPV EIFR RIATE » WEEIHHERAEREL - A8 PV (E -

() RBiB-—ERRARIARERET 2
(3) KREFRIERYZY »
(4) FRBHEGEER -




