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[Ordinary Differential Equation - ODE]  (20% : 10% each)

() Using solution by undetermined coefficients, selve the ordinary ODE that satisfies the
initial conditions : ‘
Y'HY+y=2cosx+3sinx, y(0)=1y'(0)=0.

(b) Using solution by variation of parameters, find the general solution for the ordinary ODE :

Y'=2y+y=x

”28,:_

{Residue Integration Method] (20% : 10% each)

v

(a)  Evaluate the following integral § fe dz by residual integration.
< sin 4z
. 1+x? A .
(b)  Evaluate the following integral J:J e ¢ by residual integration.
+Xx

[Partial Differential Equations - PDE] (20% : 10% each)
(a) Three kinds of specific equations can be derived from a general expression for linear

PDE :° Au_ +2Bu, +Cu, = F(x,y,u,u,u,) . Indicate (1) the name, (2) the

relationship among the constants 4, B and C, and (3) the typical mathematical equation (i.c.,
Laplace, heat and wave equations, etc.), for each kind of the three equations.

(b)  Show the function u = %saﬁsﬁes a Laplace equation.
(" +y%)

[Wave Equation - Laplace Equation] (40%)
Mathematical expression for the velocity potentialg of wave propagation in a constant water
depth % can be derived from Laplace equation. By using the method of separation of variables,
show all relevant steps for the solution of velocity potential ¢ for one-dimensional wave
propagation. Start the procedure from a given surface elevation #7(x, ) = acos(fx —ot)
that satisfies the governing Laplace equation;

f.19,=0, ~h<z<n(x1), —w<x<m
and a set of four boundary conditions:

—¢, =0, atbottom z=-h

—¢, =7, atfree surface z =77(x,t)

~@,-+gn=0, atfreesurface z = n(x,7), and the periodicity condition

P, =g(x+ L+ D =g(x+ L, ) =¢(x,+T)
In the equations above, Cartesian coordinates are used in which x is the direction of wave

propagation, z is positive upward from the still water level; a is the wave amplitude, ¢ is the time,

" h is the water depth, L is the local wave length, I is the wave period in second, & is the wave

number (2n/L), and & is the angular wave frequency (2=/T).
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1. Please explain the following terms:
(a) streamline (b) pathline (c) rate of strain (d) rate of deformation (e) Buckingham
Pi-theorem (f) circulation (g) boundary layer (h) wake (i) vorticity () no-slip
condition. (30%) :

2. Based on differential view, please derive (a) continuity equation (b) Navier-Stokes

equation. (20%)

3. Please describe the difference between Rayleigh-Ritz method and Galerkin method.
(15%)

4. Please describe the major discipline that a structural engineer should take. (10%)

5. After the disastrous 921 Chi-Chi earthquake, a new code has divided Taiwan from
three into two seismic zones, please find the difference for this code update and the
influences to the structural design. (25%)
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=~ HFo 5535 ()ER B4 B £ (2)POPs (persistent organic
pollutant)#y & £ R A HNFH4 RO BE, AHES S

B W A — b A B 2 o (25%)

= QFI 3% 3% 35 (environment) ? 173§ & IR (resources) 7 7735 /5 3

(pollution) ? 47 3% ;K 4& 7 (sustainability) ? (25%)

W EHENENEBLAFEE  MABRED G FEEBRREN
R EEBARZE BRILERMG  RERED
%@+%ﬁécﬁa&%%?a@u@%z%ﬁ%&£
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1. MELH  (50%)

(a) Electrical (or diffuse} double layer in a colloid system
(b) Solubilization (for a solution with surfactant)

(c) Buffer intensity

(d) Proton condition

(e) Chlorine Demand

(f) Total alkalinity
(g) TCLP

(h) Chromatographic separation
(i) Activity coefficient

0) Koy

2. A man-made wastewater contains 400 mg/] of CH;COOH. What is the
COD value for this sample if the organic matter can be completely
oxidized. If BODs is 80% of the COD value, what is the maximum
dilution ratio will you suggest for a 5-day BOD test. (12%)

3. Please draw a titration curve (pH as the y-axisand ‘ml of NaOH

added’ as the x-axis) for titration of 1 liter of 0.1N CH;COOH

(assume pKa =4.7) with 0.1N of NaOH. (Note: please give a
qualitative diagram at least.) (10%)

4. Discuss the limitations of using equilibrium chemistry (Ks,) to predict
the solubility of a compound involved in precipitation and dissolution
reactions. (8%)

5. A commercial solid detergent contains only 10-30% surfactant. What
are the other ingredients in detergent? What are the major functions of
these ingredients? Please discuss possible environmental problems
attributed to these ingredients. (10%)

6. Please discuss (a) the mechanisms of greenhouse gasses to cause the
global warming. (b) the mechanisms of ozone layer destruction.
(10%)
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1. #3288 TIN(Triangulated Irregular Network)Z & % # T A & 32

AFEHKXIRTIN Tesr2 2R oM 8E? (20 4)

2. B2 FH & E (data quality) Z B & AFLL? 435§
netadata( PN E# e EH)? R A netadata 732 T &

Bz maa? (20%)

3. Hbi & & (vector) » @#(raster) RARR = AA(TIN E#H £

7k (data representatiom)zﬁ B? (20 %)

4, 3%2.88 CAD data model, coverage data model & geodatabase data

model 3547 (20 4

5. A E (map) $L#b3E E 4 4 % (Geographic Information

Systems)z £ %7 (20 %)
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1. HEL" E¥RERE( Marine Protected Areas, MPAs ) | ©
EHTETAD » EMEBEFEZRNERARRAY « RHKL
IEE%E  RERTEHETILERNRE  BERE
BIEE? (25%)

2. BiFEHEDLNR O BT MO BT SRS
W TEEEARE , G9IENE - (R —BRENEENE © H/E
WRBIFERAE FLURMRA - (26%)

3. BBPATAEEZERE & (IIEKEDRFRGEEMm
% - BERRX2E » RRILZEMR  RERRDE
BB E - MAA TR L HELSRBEAMKEIES
B BRI R  BLFHRAE - WBFEER
B EEREN—ME  REURB—L "ERTA,
R TR ) VA NREBEHRL—EE ? sEm
2 ° (25%)

4. BRAKNIE —AEREESFEERIEREN IR
HEERETERRY LEEHIEES - (25%)
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1. (20%) What are the differences between Deterministic and Stochastic models? Given one

specific example to show your viewpoints.

2. (40%) Given a linear programming (LP) model as following:
Maximize Z=2x1+%;
2X—% =2
X1—X%: =2
xjt+x =4
XXy =0
(a) Solve the LP by graphic method, and show the feasible region and corner point feasible
solutions (CPF).
(b) Can the normal simplex algorithm deal with such problem? Explain your answer,
(¢) Use two phases simplex to find the initial BF (basic feasible solution). Does this initial
BF belong to one of the CPF in problem (2a)’s graph?

3. (30%) There are four polluters (marked as a, b, ¢, d) and three wastewater treatment plants
(marked as 1, 2, 3) in a watershed as shown in the following graph. Only plants 2 and 3 are
allowed to discharge the treated wastewater into the lake without over the limit MAX (54,

YiE&). Given W; is the amount of wastewater from each polluter, and K; is the treatment
cost per unit of wastewater in each plant. Also C is the initial concentration of the wastewater
flowing into each treatment plant, and E; is the efficiency (pollutant removal rate} of each
plant. The unit cost of transporting wastewater from place { to place j is Py Formulate a
mathematical programming model to minimize the overall cost (including wastewater
treatment cost and transportation cost). (Hint: you may assume 0y the flow from # to f and 7;
the total input to a treatment plant as the decision variables)

R
wastewater & wa ter

treatment plant 2

Potiter \ ) w ?‘%‘L

waslewater
treatment plant 3

4. (10%) Briefly describe the major contributions of your master thesis or research!
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1 .
- Let A and B be events snch that P(4) = T P(BIA) =

%, and P(A|B} = %, Define random variables X and ¥

by:
X =1.if A occurs » Y =1, if B occurs -
0 if A does not oceur » 0 if B does not occur.

Determine which of the following statements are frue.
1

(D X and Y are indepentdent @) P[X?+Y?=1]= T
@ P[XY =X*YY=1 @ X and Y are identically dis-
tributed. & X is uniformly distributed on the interval

[0, 1]. Choose one from the below.

SINORRE)

{2 all of the five statements are true

EORRGRNCY

ORORIVIRRCY,

ROREVENC)

6o D@ € ref)

- Assume independent random variables X is N{10,4) and

Y is N(5,3). Find the following probabilities :
{1} P(X > 14|X > 12)

(2 PO< X <11jB< X < 14,Y > 6)

W PX <10,Y <3X>72<Y <5)

) PO<X2+Y?—2XY —2X +2Y <3)

s

 HERESHMI00 B BRE 5 REE
EEEHRBEREPHEEZHEA 0% BHE?

{a = 0.05) (Eofb‘r" 7-446) T C/p/:’)

. Consider the following hypothesis test.

Hp: p 210 Hy = op<10
The sample size is 120, and the population standard de-

viation is 5. Use & = 0.05. If the actual population mean -

is 9 the probability of a Type II error is 0.2912, Suppose '

that the researcher would like to reduce the probability of
a Type 1 error to 0.10 when the actual population mean

is 9. What sample size is recommended?

(Zewt = pltec; 2o = posrt) - LEE)
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5:. (1) Briefly describe how the experiment should be ar-
ranged if this is to be a completely randomized design.
(2) Fill in the blanks in the following ANOVA table.

Source of | Degree of | Sum'of | Mean F

Variation | Freedom | Squares | Square .
Treatment @ @ 86 ®
Error 9 €)) @
Total i1 307

( 74%)

é, Suppose you are asked to estimate the following model:

Yo = P + Baza + Paza + e
where t =1, -+, 50. And you get the following results:

parameter coefficient std.err. t-stat p-value
A -8.790 0.8173 —11.978 0.000
Ba 0.518 0.0479 11,559 0.000
Jit) 1.248 0.0987 12.636 0.000
R-sguare 0.8444 .
adjusted R-square A surnple mean of 3 —0.2630
standard deviatien of y  0.2390
standard errm: of sum of squared residuals C
regression B
F-statistic 127.4938

{1) What are A,B,and C?

(2} The F-statistic given in the table is provided to test
“if the model is significant”. What are the degrees of
freedon for the P-statistic ? What is the underlying

rull hypothesis for this test. ( /‘[% )

7 - (1) The presence of high simple correlations among hand
side variables is a sufficient but not a necessary condi-
tion for the existence of multicollinearity Explain why.
(Be sure to define multicollinearity in your answer.)

(2) This following estimated equation is claimed to show
classic sign of multicolinearity. What are they? Ex-
plain. .

Y =247+ 094X, +0.0427,
(0.82)  (0.08)

R%®=096,N = 20 ‘ [2‘%)
(fdfﬂf'ef'?‘ﬁ T oroar 52‘;’/.). - .




BEFLRRAS - LEE L 4 R

8 EBEE [5L3548) 2/ 58/ %

B+ R HREHE

| A EBHAERS SREEFSRAERRREF T RMNY
B 4% -

9.2 E ( CoastZone ) Y X B & ? LEML & HE ALY
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3, MR E B A SN AR BEH A AR R AL ERS
T KA _

A REELRSARAREAGFELGMG SHEAHLRKELZ
B .

6. ARF 6B BT » $HGEEAMERERAERY - &
B AR GGG BPRESEMESEHAIERRARSE
BB o 7 3 AR A AR AT B ARR e B S e E R A9 B
f o

6. TEARA ? BEHTHEARSTORESRABYE -

TR SN ERERRAZEL  REHGHABE?

8. LM AABNEAYE UL TARE  ERHAREHHEE
WA BGHBE '
0. %t Ts¥Git ) EHSHMM  FEHLRE - HERBIER

BEWHFE-
10, HREAE - BT Ldy  SHBREREEZRMG -




