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1. Please solve the following differential equation. (15 points)
4 3 " 7
y' =4y’ +6y" -4y +y=0

2. Please determine the Laplace transform of the function g defined by

g)=1

(t-6)* if 1>6 (15 points)

if 0<t<6

3. Please solve the following differential equations. (15 points each)
(1) »'=2xp/(1-x")
(2) y"-2y’'+y = Sxe"+3x

4. —BARFZIEMREABRPBRER CmgL)RT » BARBZES TREEXTU
-dC/di=kCKK+C)
F7 0 & ¥ (=wM(hour) ~ k=2 A1k F ¥ $(1/hour) » K=4faf ¥ #H(og/l) - £—K
R B R A ST 0 1% k=010 1/hour » K=200 mg/L » &6 & K F # #dn k& Co=1,000
mg/L 4 E C=100mg/L » Rt F A7 E 8§k - (20 points)

5 Bah—Emz—RE SHEFRERTHBAIMBTRER  REBFITHZE

4 #2 %, X() ° (20 points)
kil K 5h F1 o

ik FERE

__13 _____

a

el ——x=0
EmEE=m ¥ ok 7 85

A MBNE

¢
PR, . 4{._ __________ -




li#mkﬂQS FE @fﬁ#i%&mﬁ

8 EBEIEEBS [?‘lﬁﬂﬁiiﬁ] 227 %( =
— . REL [15%]

(1) RACT (Reasonably Available Control Technolo £Y)
(2) 75 #38(Bubble)

(3) ®m&

(4) EQI (Environmental Quality Index)

(5) LEHLLERT

» BARAKRE BT [2086]
Ion Conc (mg/L as CaC(Os )
Ca™ 200
Mg* 240

I

REAFIMCD - REAE LR 45mg/LasCaCOs B A HBE D 2 % » 403 A
20000 grain-CaCOy/ft’ 2 87 R 4kt H 2 4185 - (4% 2 A X8B3 — BBtk — £ 52
1 grain=0.0648g ~ 1IKg=221b) =4 :

(1) #oLA5-% 3000NT 2 NaCl BA(NaCl B &4 0451b /1000grain 2 48 B 354
FEaFaaRR
(2) B & %k $(meq of hardenss removed /meq NaCl applied)

CHEH-REO)A N ABE R T2 REBHRED) AW B LT (15%]1

Qi=2.5 MGD (domestic) ;
Q:=1.5 MGD (seasonal cannery from May to October) :
2 Qumax=3.75MGD :
BOD=220 mg/L (domestic) ;
BOD,=550 mg/L (seasonal cannery from May to October) ;
BOD, <30 mg/L ;
Temp : 20C~10C ;
k=0.1 » at 25°C » 20fi ;
6=1.035 ;
n=0.5
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o —FARFRE  HERFHERRE VLS5 omlsec - ZAFE pe0.0012g/em’ 4
% 1=1.833x10"g/em-sec FAA A py=1.5g/em’ » KK 8 H 1 & Stokes 48 (um)

[10%)
ACMER GRMERT YRS ETEEEREES AL RER - RELETH
PRE
(1) L2 EWREERHES RS Hme 7 [5%]
(2) Lz sz AR AT [5%]

(3) Lz FEHRREEMERS S THEORRIUTBRZTIREE? [5%1
T ARERERHABRETARRERE - EEARTAORRAFTALTH

(1) FERB [5%]
(2) RFEHER [5%]

(3) MTFEBF RS [59%]
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1. Theimportance of the Navier-Stokes equations can be demonstrated from the container of fluid
shown below. Suppose the container contains water and the side walls of the container have a
width (into the page) of 10 m. Try to calculate the total force acting on any of the side walls of

the container by ignoring atmospheric pressure. Do use the nomenclature given below: P for
pressure; A for area; w for width; A for height; and o for density. (20%)

X

i

Xa

-— g —
L]

2. Try to solve the following problems:

(1) Use a formula to describe the famous Darey’s faw. Note that each of nomenclature used
should be clearly defined. (5%)

(2) What is the significance of Darcy’s law in the field of environmental engineering? (5%)

(3) Draw a figure to show how Darcy’s law is extended to flow through an inclined
homogeneous sand column. Again, each of nomenclature used should be clearly defined.
Try to show Darcy’s law in terms of the specific discharge g (i.e., the volume of water
flowing per unit time through a unit cross-séctional area normal to the direction of flow)
and the hydraulic gradient J. (10%)

3. Consider a two-dimensional flow in (x,y) plane, with the velocity V given by

V=@+y)i+ 2]

where i and j are unit vectors in x- and y-directions, respectively.

(1) Find the velocity of the flow. (3%)
(2) Calculate the circulation, I (= [ V- ds), about a rectangle enclosed by x =+ 1 and y ==+ 1.
(8%)
(3) Estimate the average speed of the fluid particle moving counterclockwise around the square.
(4%)
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4. Consider the two-dimensional, isothermal, Couette flow between two parallel] plates, separated
by a distance 4, as shown below. The top plate moves with a constant speed U, while the bottom
plate is stationary. Assume that pressure gradient in the x-direction is dP/dx—= 4 = constant; fluid
density p and viscosity u arz also constant.

(1) Given that the velocity component, v, in the y-direction is zero everywhere, i.e., v= 0. Show
that the velocity component, u, in the x-direction is a function of y only, i.e., 1= u(y). (5%)
(2) Solve for the velocity distribution 2(y). (10%)

¥y
A Moving plate U
A s g
0 o x
e i
Fixed plate
i
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5. de BT —dhARKE RSB E MRS RABKERS 10m - BX
#KER 500 Lmin > kB ERE L 40% BERTAREZHHH - (15%)

10m

5

6. B A+ B4 50°C 2 R S B S A M A MR B SR B B A A 500
kghm® » BB RS A BACR B2 40% 0 Bh Po=100Pa > AL Py 24 - (15%)
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s/ as/ =

— - BELE
(1) Common-ion Effect
(2) Buffer Intensity
(3) Langelier Index

= ~FePOs & 15CZ R4 F ¢

FePOygs, <> Fe* + PO,

(15%]
(4) Racult’s Law

(5) Hemy’s Law

(6961

AHY=-18.7 keal » AGY=-24.4 keal

K4 80°C 8 FePOy 2 Ksp 4. «

I 4kl % 30 mg/L as CaCOs » pH = 10+ B 25°C ey » B4 R wdt g iig
1 E[HCO: 1% B A JCO:™ |8 B (% mg CaCCys/L &) ¢ [69%]

™9 ~ 1738 B {b 4 A (Nitrification) ? +5 A R R F A b E R 24k -2 mg/L 2 NHa(4

N&F) AmEREAM mgl?

[8%]

F BB NONOO; % » S FHLRABEIRERFRA - BHFHTRAME

#[NO,[/INOJ2Z b4 i E bt » (TR 3 — FERIE) [5%]
A AR RIS - [65]
LR GRS VAR R RBEARK D [6%]
A SRR - AT ERLT R - A RS ER TR 2 b AR

7R o (5%
o~ B2 pH L P BT S L - (1091

+ HEBRAET I RAERAEE T RIS FEZ %548 % (Photolytic Cycle) - [15%]

L 4&7% % A RMNO Fo NOy)

2. %% % AANO « NOy %= HCs) (HCs: rﬁdécmhms )

¥ B LA S S0, T B Mt E gk 2 pH A FEA 4.0 85 35 M 30K F[HSO5]

B[SO 1w & B(SIV)ZE S tb 3] AT ? [15%)
80, + H,0 & SG, « H,0 H=1.242 M/atm

SO,eH,0 «» H* + HSO,”

HSO, < H* +50,"

6=1.32x10*M

ky=6.42x10°M






