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1. (10 49)Let f be the function defined by

sin x
f(x)=9 2x
(x+c)* ifx>0
Find the number(s) ¢ such that the limit of f(x) as x = 0 exists. What is the limit of

if x<0;

f(x) as x— 0 in this case?

2.(10 %)Eomputc

100 100
im (3+h)* -3
h=0 )

(Hint : Use the Power Rule. )

3. (10 #°)A right circular cone {shown at the top of the next column ) is inscribed in a
sphere of radius 10 ¢m, Find the dimensions for which the volume of the cone is a
maximum.

Figure,

4. (10 47)Specify a cubic polynomial p(x) that satisfies all of the following
properties *
(1) pis increasing on the intervals (~,~1) and (+1,00).

(2) p is decreasing on the interval (-1,+1);
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(3) the graph of p is concave downon (- oo,O).
(4) the graph of p isconcave up on (0,00) ;and

() p(0)=2.

5. (10 4")Find the area of the region bounded by the x -axis, f{x)=¥+3, x=0, x=3

6. (10 4-)Find the volume generated by revolving the triangle with vertices €0,0),(0,2)
and (2,0) about
a. the x -~ axis,
b. the y—axis,
c. the line x=-1,

d. theline y=-1,

7.(10 ) y' ——ii= xsec(-)y?) EXY
8. (10 ’;})ﬁ%@—+2—y =y?Inx ZiBA
dx  x

9. (10 4-) %t Laplace transform #2 y +2y +5y =0 y(0)=2, y'(0)=-4

10. (# 10 ) sk —R X M R 1 (Plug-flow reactor) & — i & A, ' Q At
F AAERBEH ClaFRipeRE  CHEPHANEGRR 08725
RWRE SRR ARXER  Br,=—kC > HHRERARFE -
(DG BB RATERZ —BGRA T B(R L) - (49)

(23R 4248 2 3% 7. (Steady state) T + Bp % =0+ B L)z — ey TR

BERyTRE ERMR645)
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1.(10 %) Please derive removal equations for a CSTR (continuous stirred tank reactor)
and a PFR (plug flow reactor), and define each term clearly.

2.(10 %) Please describe bioventing, including where it is used (groundwater? Soils?),

and the contaminant classes on which it can be used.

¥

3.(10 4) A surface impoundment contains the following contaminants in aq{leous

solution;
Carbon tetrachloride 10.mg/L
Cyanide 220 mg/L
Lead 20 mg/L
MEK 4500 mg/L

Propose a treatment scheme for the aqueous solution.

4.(10 4) A 200-L drum of benzene is spilled into a 38,000-L water storage tank.
What percentage of the spilled benzene is present in the aqueous phase? Where

would you find the benzene that is not dissolved? (water solubility of benzene =
1770 mg/L; density of benzene = 0.877 kg/L)

5.(10 #*) A quantity of TCE was spilled accidentally into a treated wastewater-storage
basin. Estimate the time required for the concentration of PCE (dimensionless He
=1.0) drop by 90 percent from the initial concentration due to volatilization.
Assume liquid-film mass transfer coefficient (kpa) = 10 (1/hr), the ratio of gas-film
lo liquid-film mass transfer coefficient (kga/kea) = 10. ‘

6.(10%) BEETGEHBERBUALRAEN,E-TLREERESL Q 4R

0.25

BROPHAL U, FARESEH 2 &2 g 0, =2 papa

A B e 358 Xmax B8 Crax 89 2 %2

7.(104~) A 1000-MW pulverized coal-fired steam power plant of 40 percént thermal
efficiency uses coal wilh an ash content of 12 percent and a heating value of 26700
KJ /KG, Assume that 50 percent of the ash goes up the stack as particulate matter in
the flue gas. The particulate emission is controlled by an elecirostatic precipitator
which has the following removal efficiencies and weight distribution in the given
size ranges.
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Particle size, um 0-5 5-10 10-20 20-40 >40

Efficiency, % 70 92.5 96 99 100

Wi, % 14 17 21 23 25

Determine the amout of fly ash emitted, in kilograms per second, with the flue gas?
(hint: produce 1 KW-S need 1 KJ) '

8. (10 4~) Estimate how long will the percolation of water take to produce a leachate
through a landfill 10 m deep, with a 2 m top cover of sandy loam soil? If the
hydraulic head is 5 meters, please determine the breakthrough time in years for
leachate to penetrate a 1.2 meters thick bottom clay liner? Assume that this landfill
is in Touliu, and that precipitation = 1500 mm/yr , runoff coefficient = 0.10 ,
evaportranspiration = 500 mm/yr , soil field capacity = 300 mm/m , refuse field
capacity = 600 mm/m as packed, Assume further that the top cover soil has a
moisture content of 250 mm/m , and that the incoming refuse has a moisture
content of 450 mm/m. For bottom clay liner: the effective porosity is 0.20, and the
coefficient of permeability is10™7 cm/s.

9.(10 4*) As a consulting engineer, you have been commissioned to develop a
comprehensive solid waste system for a community interested in achieving a
greater recovery and reuse of its solid wastes. Two of the possible alternatives are
separation at the home or separation at a materials recovery facility. What important
factors must be considered in evaluating these two alternatives?

10.(10 4-) Consider a best processing operation for purity of Glass (45 & ¥ & 7F B L
& %% X )which consisting of an air classifier, a trommel screen, and a magnet,
placed in various sequences? The feed is assumed to contain four materials: paper,
glass, ferrous, and aluminum. The f-value (fraction of material rejected) for each of
the unit operations for each of the materials and the feed rates mixed materials are
shown below:

Air classifier Trommel screen Magnet Feed, Ib/h
Paper 0.1 0.9 1.0 70
Glass 0.8 0.1 ) 1.0 10
Ferrous 1.0 1.0 0 10
aluminum 0.9 0.9 - 0.9 10

The assumption is that the air classifier will reject 10% of the paper and accept
90% of the paper(f = 0.1and 1-f=0.9). the trommel screen will, however, reject
90% of the paper.
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1. Newton's first law 2. Law of universal gravitation

3. Relativistic momentum 4. Second law of thermodynamics
5. Aromatic Hydrocarbons 6. Nitrogen cycle

7. Covalent chemical bond - 8. Transition metals

CREA (RE SM25 0 2204 BHERE ] 5 REERIH)

1. Express 135,000 in exponential notation.: a) 1.35000x10° b) 1.35x10° «¢)

1.3500x10-5  d) 1.35x10~2 e) 135x103

2. Which of the following metric relationships is incorrect?: a) 1 microliter =

10-6 liters b) 1 gram =103 kilograms ¢) 103 milliliters = 1 liter d) 1 gram
=102 centigrams e) 10 decimeters = 1 meter .
3. The formula for calcium bisulfate is: a) Ca(SO4)2 b) CaSz ¢)Ca(HSO4)2
d) CazHSO4 e) CazS "
4. What is the molar mass of ethanol (CoHsOH)?: a) 45.07 b) 38. c¢)46.07
d) 34.17 e) 62.07

5. How many grams of NaCl are contained in 350. mL of a 0.250 M solution of

- sodium chloride?:a) 41.7g b)5.11g c)14.6g d)87.5g e)none of above
(Na:23 Cl:35.5)

6. Determine the coefficient for Oz when the following equation is balanced in

standard form (smallest whole number integers)
C4H0(g) + O2(8)—COx(g) + HpO(g)
a)d Db)8 c) 10 d) 13 e) 20 ,

7. Consider the element indium, atomic number 49, atomic mass 114.8 g. The
nucleus of an atom of indium-112 contains: a) 49 protons, 63 neutrons, 49
electrons.  b) 49 protons, 49 neutrons. ) 49 protons, 49 alpha particles.
d) 49 protons, 63 neutrons. e) 49 protons, 112 neutrons.

8.0+ NO > C2+NOC: £itEE a)O2 b)Os c)NO d)Os Oz e) NO:
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3. What would be the final temperature when 150 g of 25°C water is mixed
. with 65 g of 40°C water? (8 %)
(Hint : Equate the heat gained by the cool water to the heat lost by the
warm water.)

4. A golution is prepared by dissolving 10.8 g ammonium sulfate in
enough water to make 100.0 mL of stock solution. A 10.00-mL
sample of this stock solution is added to 50.00 mL of water.
Calculate the concentration of ammonium ions and sulfate ions in
the final solution. $:32, N:14, 0:16 (6 %) )
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. BASARN 4Few+30xp >2FeO360 £ 25C Fa¥sk 7(64)
* FexOs(, Fetw, Onp Al (cJ/mole) -826, 0, 0

S'(J/K.mole) 90, 27,205
(Hint: AC= A’ - T AS’, AG=- RT In K, R=8.314 J/K mole )

. How do you suppose the frequency of an electromagnetic wave
compares with the frequency of the electrons it sets into oscillation in a
receiving antenna? (8 4

. On a steam mirror wipe away just enough to see your full face. How tall
will the wiped area be compared with the vertical dimension of your
face? (4 49

. HPRETF RS R4ER 6 4) . -
(@ Al "+ NHClQs— ALOs; + AICl; + NO + H20
®b) Ca(OH)s+ H3PO4 — H.O0 + Cas(PO)s

©@ H* + CH30H + Cr:072 — Crt3+ 3CHO0 + H:0
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1. Which of the following name(s) is (are) correct? 1. Sulfide $2- 2 . Ammonium
chloride NH4Cl 3. Acetic acid C:HsO2 4. Xylene C-Hs
(a) all (b) 1,2,3 (©1,2 (d)3,4  (e) None of above answers.

2. What weight of sodium formate must be added to 400ml of 1.0M formic acid.
(HCOOH, Ka=1.77 x 10 #) to prepare a buffer solution that has a pH of 4.0
(a)048g (b)4.82g (c)48.2g (d)14.82g (e) None of above answers.

3. Try to select the following compounds in order of decreasing the acid constants ( pKa values ).
(a) ethanol > water > p-nitrophenol > phenol > acetic acid. (b) water > ethanol > p-nitrophenol
> phenol > acetic acid.  (c) water > ethanol > phenol > p-nitrophenol > acetic acid. (d)

ethanol > water > phenol > p-nitrophenol > acetic acid. (e) None of above answers.

4. An unknown compound A rapidly decolorized a solution of bromine in carbon
tetrachloride. When A was subjected to ozonolysis, the products were 2-butanone and
1-propanal. What might be the structure of A? (a) CH3-CH2- (CH3) C =CH-CH2-CH3
(b) CH2=CH- (CH3) CH-CH2-CH2-CH3 (c) CH3-CH2- (CH3) CH-CH=CH-CH3 (d)
CH3-CH=C (CH3) CH2-CH2-CH3 (e) None of above answers.

5. The light sources of UV are widely used for environmental identifications and chemical
treating processes. Compounds A and B have the formula C5HS, and on hydrogenation
all yield n-pentane. Their UV spectra show the following values of A max: A, 176nm;
B,211nm (l-pantene has A max 178nm). What are the likely structures for A and for B?

(a) A: CH2=CH-CH=CH-CH3 (trans isomer), B: CH2=CH-CH=CH-CH3 (cis isomer)
(b) A: CH2=CH-CH2-CH=CH2, B: CH2=CH-CH=CH-CH3 (trans isomer)

(c) A: CH2=CH-CH2-CH=CH2, B: CH2=CH-CH=CH-CH3 (cis isomer),

(d) A: CH2=CH-CH=CH-CH3 (trans isomer), B: CH2=CH-CH2-CH=CH2, (¢) None of
above answers.

—. ETEE (35%)

L (541 0.1M FLER(HCHsOs)RY7KEE T » EERET 3R 5 3,796 gt E LB  Ka fE -

2. (743 ZHAcetylene) ERfZRES onization constants (ka) 10 22, X1 0.01M ZHHE
14 M Potassium hydroxide Y5 Z T (acetylide ion) JRE(RETE Ideal
solution) ? [hint: ZFEZ, C;H, + OH & H20+ C2H " in Potassium hydroxide] -

3.(74}) {RE% Toluene ZREIRFTE/K HIBAFES 50uM (u mol/l), T4 Toluene 20 °C =%
B 2.8x10 ! (dimensionless), BEHE 20 °C 2948 &1 Toluene JEFEENMLLL atmm®/mol &
RFFIEE -

4. (6 SPEEHEEE K S 317 mg/L Cu®* » 4R Cu(OH), B FE/ES) 3 mg/L Cu®’»
HARAT D OH BREEFERFAZE %4 mole/L ? (Ksp=2x10"") _

5.(1043) 25CF » ZKEBHFAIA NaHCOs ZREBRER 0.01M RH RIS ERIERs »
IS pH 5 8.3 » FoRB YRR ? pK,, =64 pK,, =103
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1. Procaryotes
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3.

4. SRR EE
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2. SHAR AR -

3. ERSEIRC L EERIRIEE S AL ? R 2
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1. If a uniform solid body weighs 50 N in air and 30 N in water, its specific gravity is
(a) 1.5 (b) 1.67 (c) 2.5 (d) 3.0 (e) 5.0

2. A tank of water (8G = 1.0) has a gate in its vertical wall 5 m high and 3 m wide.
The top edge of the gate is 2 m below the surface. What is the hydrostatic force on
the pate?
(a) 147 kN (b) 367 kN (c) 490 kN (d) 661 kN (e) 1028 kN

3. In Fig.l water exits from a nozzle into atmospheric pressure of 101 kPa. If the flow
rate is 160 gal/min, what is the average velocity at section 1?
(a) 2.6 m/s (b) 0.81 m/s (c) 93 m/s (d) 23 m/s (e) 1.62 m/s

4. A fireboat pump delivers water to a vertical nozzle with a 3:1 diameter ratio, as
shown in Fig. 2. If friction is neglected and the flow rate is 500 gal/min, how high
will the outlet water jet rise?
(@)20m(b)%8m(c)32m(d)64m(e) 98 m

5. Given the steady velocity distribution V = 3xi + 0j + Cyk, where C is a constant, if
the flow is irrotational, the value of C should be
(a) 3 (b)3/2(c) 0 (d)-3/2(e)-3

6. Given the parameters (U, L, g, p, n) which affect a certain liquid flow problem.
The ratio V¥(Lg) is usually known as the
(a) velocity head (b) Bernoulli head (c) Froude No. (d) kinetic energy (e) impact
energy

7. The Reynolds number for a 1-ft-diameter sphere moving at 2.3 mi/hr through
seawater  (specific  gravity 1,027, viscosity 1.07E-3 N-+s/m?) is
approximately
(a) 300 (b) 3000 (c) 30,000 (d) 300,000 (e) 3,000,000

8. In flow through a straight, smooth pipe, the diameter Reynolds number
fortransition to turbulence is generally taken to be
(a) 1500 (b) 2300 (c) 4000 (d) 250,000 (e) 500,000

9. For flow of oil ( u=0.1 kg/(m * 5), SG =0.9) through a long, straight, smooth
5-cm diameter pipe at 14 mYh, the pressure drop per meter is
approximately
(a) 2200 Pa (b) 2500 Pa (c) 10,000 Pa (d) 160 Pa (e) 2800 Pa

10. Consider a rectangular channel 3 m wide laid on a 1° slope, If the water depth is 2

m, the hydraulic radius is.

(2) 043 m(b) 0.6 m(c) 0.86m (d) 1.0Om (e) 1.2 m

7cm

et
2) —m

P yor™ 101 kP




ENFHF >H)

FAT BRR
BB - wRo2

(=)

1. Write the conservation-of-mass relation for steady flow through a streamtube ( flow
everywhere parallel to the walls ) with a single one-dimension exit 1 and inlet
2(Fig. 3). (10 4) )

2. The tank in Fig. 4 is being filied with water by two one-dimensional inlets. Air is
trapped at the top of the tank. The water height is h. ( a ) Find an expression for the
change in water height dh/dt. ( b) Compute dh/dtif Dy =1 in, D, =3 in, V| =3 fi/s,
V2 =2 fUs, and A, = 2 ft%, assuming water at 20°C. ( 10 % )

3. As shown in Fig. 5, a pipe bend is supported at point A and connected to a flow
system by flexible couplings at sections 1 and 2. The fluid is incompressible, and
ambient pressure’ p, is zero. (a) Fifid an expression for the torque'T which must
be resisted by the support at A, in terms of the flow properties at sections 1 and 2
and the distances A and A,. (b) Compute this torque if D, =D, =3 in ,
p, =100 Ibfin® gage, p, =80 Ibffin® gage, ¥, =40 fis, b =2 in, b, =10
in,and p=1.94 slugs/ft’.(20 %)

4. Under what conditions does the velocity field
V={ax+by+czi+(ax+by+cz)j+(a +by+c,2)k
where g,, b,, etc. = const, represent an incompressible flow which conserves
mass?( 10 5~ )

Streamtube
contro} volume

Fig. 3 -

- — e —

Pa=0
P = congfant

Fig. 5
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— - BFERE  (80%) |
() BAERF BRI Z IR 2 (10%)

(2) R K RHERRKIFE ? (10%)

0) BRALHPRRAEEUK SBETZHE 7 (10%)

(4) FRRUAL B AR AT IR AR A 7 (10 %)

| (5) HRSHER SRS IR E 2 (10%)

| (©) TR TERERAF—E-+ZA+A BT "5 TR ms
Mo ) SEehs /AR - SRR T UREEITE 2 (10%)

(7) FERAA A ] 58 MEHIERFE ? (10%)

() FRIRTHRABOREE ? (10%)

=

H L7 I

= EERE (20%)
(1) &— 3,000 A T HIL{EHBRER T30 X TIERFESEETT{E 8 /N -

PSR REI TN 3 1 - BRI 2 T 4 A TRMOELS T A SR
(s 2 IR RRETE ? TR (LR)? (10%)
(2) P2 KR IS 2.55~12.8 % » BASRsi— P PRI BT BB AR

- PHASRILESS 2 - JKAVETELR 8.33 BH/I06y - ZEREELR 0.075 B/ALITWR - (10%)
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1.(
2. (

3.(
4. (

5.(

L.(
2.(
3(

4.(

5(

6.
74

8.(

9.(

EEr s = e s —=— S

B | (7 ] [ e

) MAERTER - WYUERZEZHERIRE
) WREFHTEERF » FIHE AYREEAE -
) AR RRHEERE BRI -
) BRTFEEREELBEERD  BEAS
E 100°CRZRRSFER7KE » 0 FRE LBIRETE -

. SEEREE : (30%) (455E 2%)

) TEVEEGIREE | MESRBIBARGRAREBII R  EEOIRIREE (A) B2 iEE,
RHIERA (B) MREEMERTE (C) AEEHAMRKFRNEER O B
BRESME (B) MPHmEzE -

) A B AT RIS BEUR SR 10 A BUBEAR(RELL B /N BB ERERF (A) M

ABE—7781h B) MBE—FEM (C) HERER (D) AR BEHE (E)A
FE{HE - B EEEE -

) B SEE 50 m » RER KRR 22 °F E&Fﬁ& EEERKR 112°F B AbE
TRNAEE MRS ZRESETEX? (2=12 x 10%C) (A) L mn (B)
2 mm (C) 3 mm (D) 4 mm (E) 5 mm -

) 7KERTE O°CHEHUBEEEE 13.595 g/em’ © SR/KERAGHSI AR R BES 0.00018/°C » 3K 50
CHE7REFIERE (g/om’) (A) 13.717 (B) 13.351 (C) 13.229 (D) 13.107 (E) 13.473 o

) IERIEEZ 100°C KRR CCRIVKER—BRARMA » EETIBEERE - Bl
THIRCIUATEIERE ? (A) 2MEWRRE B) 2NERE C) RIEZEEEHNE
BeY25/54 - WBC B REBHERR 29/54 D) KB BESHERMN /4 g
Z’Eaﬁn%’é‘ﬁég 3/4 (B) ﬁﬁﬁzggﬁﬁﬁﬁﬁs 173 ﬂﬁ%zfﬁﬁﬁﬁﬁﬁﬁﬁﬁ

- 2/3 0
) B 0CAIK - 47CHIZK R 100°CHIZKFER, - Eﬁtﬁﬁ 8:7: 1 BR=EE
&7 REFHBIBES (A) 16C B)18.7C (C)31.5C (D) 54°C (B) 68.1C -

) —SEBRIFFRIEFE 8000 fFREGBAE SRR 100 FIRFHEEE— KA,
HEER (A 115 B)2fF O 45 D 1065 B)204F-

) —THEBETEEET  EREREL  E¥ET 220m K BERUEEET
E IR RR A 0.5°C - RIFSMEAYRE@/s)R (A) 10 (B) 15 (C) 20 (D) 25 (E)

‘300

) EEEE B Fl—ERRF R B RO UK EEES 0 R o BREEES 80 °R 0 HITEH AHY
PR 37°C » P ERETERE (A) 46.3 "R (B) 37 °R (C) 29.6 °R (D) 22.2 °R |
(E)53.7°R - '
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10 ) % 6 m’ AYSEAE STP WA A — B8R EES) 136 atm » 27°C. » RELAIRAESTLE
ETH2? (A)16.2 (B) 32.4 (C) 48.5 (D) 64.8 (E) 81 -

1L.( ) —RESTRTEBEETHE TIERE 7 (A) EHRESTE B) S
BE 5 (C) EHREENIRE D) EH ﬂaﬁ%t&ﬁﬁ}?%z (B Pl bim—E SR
E e

12 ) —EZERREeER S AN 500 m? %}ﬁﬁﬁﬁ 40 / » 150 atm E’Jﬁﬁfﬁ%ﬁﬁ:
LOREFEEEERNAEERE 1 am ? (A) 62 (B) 84 (C) 102 (D) 124 (E) 144 »

13( ) —AHRAE 01 EENER 0.1 EE - SRERTHIRE Bl A) —EH
T R—EFTEHRENTEERE B) S§XESTHHEIER (C) Mt
SREHVHEREER (D) MERENEEILALERA (B) £0-TH79RE
K -

14.( ) ¥ 1 RENERTFREBEEA T 40CHIIEE 100C » fﬁrﬁ,@%%:% ? (A)748

(B) 640 (C) 482 (D) 365 (E) 179 -

15.( ) B&SEMETFRE 27.0 g/mole Xﬁaﬁmiﬁtﬁ,ﬁ: Cal/ig+"C ? (A)0.11(B)0.13

(C)0.15 (D) 0.18 (E) 0.22

=~ E : (30%)

L ZHHIRE A - (5%)

2. GHEEE A BT . (5%)
3. R LR R S KA B S RO AREE - (5%)
4. SHIETEE SRR IR B T R - AR R S A SRR 7 (5%)

5. EEfEIIPREER T FREET - RSN RE S EHERERS T ) SEN T EY AT
HROEREEEESR - (10%)
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1. — B AEARIEE 2000 T-RIUME - MDA RO B
BT RERES 50Kg » BAK FEIRE 2 m  FREEFIED) » R (1) ILEHEEES L
R? Q) BABEES S 5. B84 FISErLILAE ?

2—BEER 300 5 - WHGHA LIS » T 99.4CH » A 400 FHkeR - Tk
BUEREZ BTRLES 90 35 SLHARFE] 20°CFHEG 25.1°C (EAEEHTHEAES 0.093 cal/C )»

() EERBEREET (cal’t)?

@) HESWIHSET (alg - T)?

3 —ZNIBHE 03 m’ & 2 EERSRIE 20C » BRASEEEReE  BATRS4
gmole » 3K
(1) FAHAPIEE
Q) F—HTFHITIEEE




