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!+ [Ordinary differential equation} 10%
Evaluate a general solution for the following second-order differential equation:

3
Y2ty =xle”

2 ~ [ Ordinary differential equation) 25%
Solve the following initial value problems in second-order differential equation;
1. (D' +2D+10)y =10x* +4x+2, p(0) =1, »'(0)=-1
2). (D*+4D+ 1Dy =2cosx+3sinx, p{0)=0, '(0)=0

3 » [ Partial differential equation)] 20%

Linear partial differential equations, Au,, +2Bu  +Cu,, = F(x,y,u,u_,u,}can be

7::y

classified into one of the three types: elliptic, parabolic or hyperbolic, depending on the
condition of B* -44C.
1). Indicate how the condition of B® —44C is linked to each of these three types and
also provide a typical mathematical equation for each of them.
2). Prove u=2xp/(x* + y*)?is a sclution to the Laplace equation.

4 - [ Laplace transform J 15%
Solve the following initial value problem by the Laplace transform
Y'=5y"6y =r(t), where r(fy=4e', for0<t<2, and =0, fort>2;
with initial conditions y(0)=1, and »'(0)=—

5 « [Fourier analysis) 10%
Find the Fourier series of f{x} = ¢ on [0, 1].

6 ~ [ Vector analysis) 10%
Evaluate the surface integral H(curlF) s nd4, given
§

F=[-e"e"¢"], Sthesquare 0<x <], 0<y<], z=x+y

7 ~ [ Residue integration] 10%

2

dz

Evaluate the following integral f a
sin4z
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1. According to F ig.1 please determine the moment of inertia of the shaded area about the x-axis, (10%)

2. As shown in Fig.2 is a prismatic bar weight W sitting in a bowl, where the length of the bar is 3R and R is the radius of the
bowl. Please find the angle @ when this bar is in equilibrium if (a) the surface of the bowl is frictionless, (b) the friction

coefficient of the surface inside the bowl is u, . (20%)

3. As shown in Fig.3 is a waler dam subjected to the water pressure. For I m thickness of dam, please find (a) the reaction
force of the dam to the water pressure, and (b} the equivaleni force and couple at the front tip A of the dam. (20%)

4. Please describe the principle of Hook’s Law. Please design an experiment for rubber and describe whether the rubber,

satisfies Hook’s Law or not according to the data obtained from your experiment. (20%)

5. Please solve the reactions of the beam shown in Fig.4 and plot shear force diagram and bending moment diagram. (30%)
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1~ BRRE A (10x4%=40%)
(1). Newtonian fluid
. (2). Buoyancy
(3). Cavitation
(4). D’ Alembert’s paradox
(5). Form drag
(6). Mean free path
(7). Strouhal number
(8). Drag crisis
(9). Velocity potential
(10). Lift force

2~ REFENEERRIBTCEE M  (20%)
3 - LA S E I Eulerian $2 Lagrangian FZ0RF 22 MBS 2 - (20%)

4 - SIRFHCTEES > PIRRERNE - (20%)
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Acid Rain  (2%)

Hydraulic Retention Time (2%

First Flushing  (2%)

Marine Quifall (2%)
Intensity-Duration-Frequency Curve (2%)
Limiting nutrient for eutrophication (5%)
Bioconcentration factor  (5%)

Thermal stratification (5%)
Environmental half-life (5%

Reverse osmosis  (5%)

Persistent organic pollutants (5%)

AormormUOowe

2. 45w AR IR AL BN BB SR T S A 2 -
(10%)
3, RBEAREAMR(E RARFTA) P RBANESE 5500 L0357 2 )

RER B E R Tk - 20 %)

LORA BT L TRABTOFERA FHMERBEREAEF R (10%)

5. LB MR R AT RS ERE 4 RS T
BIBROER - (10%)

6. THMMILENERORAE BT ? HRENHNAMRHZ YL ?

A. chlorofluorocarbons  B. organotins (10 %)
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L 47 35 & B (alkalinity) ? £ B KR HF EAKRE T LM A 7L
—HIRHEERS pHER - T &S - (10%)
2. BEEBIRE AR R AEKRIE b oy H A7 (10%)
3. Please explain (15 %)
A. Standard hydrogen electrode
B. Humic substances
C. critical coagulation concentration
4. B —E 2B 5§63 F K3k 13 4 CEC (cation-exchange capacity)
WE6) B & B 7 L3 8 ECS (exchangeable cation status)4%, & #9 X 2
TAEER ? (10%)
5. AR K T 2B £ P 49 complexing agents € 1% A R4k F
# 7 (10 %) '
6. B —RMAKBENKAT » B HART SR EH-FHK
(charge balance) - (5 %)
7. Please construct ( with explanations) a pE-pH diagram for iron.
Consider the following reactions only:
| Fe® +e =Fe* pE*=16

Fe™?+2¢ =Fe pE'=-7
0.250,+H" +e =05 H,0 pE’ =20
H'+e = 05H, pE’ =0 (10 %)

8 UT=Zfam WAL BB L ENE B, AREAR A2 KR

At RBEZAEEK 0 A RSB AIERER - (10%)
Thiobacillus thiooxidans Thiobacillus ferroxidans

_ Thiobacillus denitrificans

9. {7 3% #& & {t(eutrophication) ? 4 &ALt AR B 2 AF A #hl B4 2 L 4
HIRERN KB X B ? ol H R ARAEFTELEERIL? AN iR
EH(control )} F bbb 4 © X —EH A F AL TRMES E62
Z_ 7 (10%) '

10. 330 80 ¥ Bl I &.(Gram stain) 2 84 5 A BB 32 « (10%)
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— RRREE=E AR REREER CHRF, - BB
KBEBRRENBFEEARNBE RBRENELEBRXE
MAMNEEE S RBNEE (25%)

—~HHEZR conser.vation, preservation, treatment, disposal,
planning Y FES BRI —ERMMRVREREILE RS » X
ZERBEUTAEARENELTRATERB(25%)

S@E TEREIE, CHESRIAERETERM o REs
RERB  BHRIBEROAET  MXETERES QWKL
TEMET > BT ERESOTEHRE ? (20%)

B~ 8iF "TRXPHE, b EO-—BHEEABERS "DESR

| E MEZEERMEAZOEARERY "WES, g
REEANEE - HRTE WER, TMPERE "WES, N
AR RE? BB EREER L —HREFEBANDT ? &
FROE(REER "WER, R - (20%)

hREE "HY, BENKRREY ) XSIRAEAREAEES
HEFORERIPE AN EBERKEZ B ER{R
WEZL - WFABKER» REABRHE IUBRB B
RZEBKE ? (10%)
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CRAT P EATIR A - 363 AT web model & AT AE 2 48 B AE K 0 (20 4)

T The Web model has been more rapidly and widely adopted than any other approach
to building distributed applications to date. The phenomenal success of the Web
model can be atiributed to one core characteristic: it is more loosely coupled than
traditional distributed programming models like RPC, DCOM and CORBA. The
interactions between Web clients and servers are simple: they exchange messages that
carry MIME-typed data, and the semantics of a message can be modified using
headers. The destination of a message is specified indirectly using a URL, and this
fevel of indirection can be leveraged to implement load balancing, session tracking
and other features.

The simplicity of the interactions in the Web programming model makes it possible to
build systems incrementaily. Unlike tightly-coupled RPC and distributed object
systems, which require all the pieces of an application be deployed at once, you can
add clients and servers to Web-based systems as needed. You can establish
connections to new applications fairly easily. And you can do all of this in a
deceniralized manner, without any central coordination beyond the registration of
DNS names, and with a degree of interoperability, scalability and manageability that
is remarkably high.

The basic idea behind Web services is to adapt the loosely coupled Web programming
model for use in applications that are not browser-based. The goal is to provide a
platform for building distributed applications using software running on different
operating systems and devices, written using different programming languages and
tools from multiple vendors, all potentially developed and deployed independently.

2. AT AR E AT M A 0 35k OO Database $1 refational DB # £ « (20 4)

FOne goal of OO databases is to maintain a direct correspondence between
real-world and database objects so that objects do not lose their integrity and identity
and can easily be identified and operated upon. Hence, QO databases provide a unique
sysiem-generated object identifier (OID) for each object. We can compare this with
the relational model where each relation must have a primary key attribute whose
value idemtifies each tuple uniquely. In the relational model, if the value of the
primary key is changed, the tuple will have a new identity, even though it may still
represent the same real-world object. Alternatively, a real-wortd object may have
different names for key attributes in different relations, making it difficult 1o ascertain
that the keys represent the same object (for example, the object identifier may be
represented as EMP_ID in one relation and as SSN in another). 5

3. What is database software? What are the principal features of database softwara?
What are the benefits of database software? (20 4)

4. What is Artificial Intelligence (AI)? What can be the benefits of Al applications

to marine environment and engineering? (20 #-)
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FXML is subset of the Standard Generalized Markup Language (SGML)
defined in ISO standard 8879:1986 that is designed to-make it casy to interchange
structured documents over the Internet. XML files always clearly mark where the start
and end of each of the logical parts {called elements) of an interchanged document
occurs. XML restricts the use of SGML constructs to ensure that fall back options are
available when access to certain components of the document is not currently possible
over the Internet. It also defines how Internet Uniform Resource Locators can be used
to identify component parts of XML data streams.

By defining the role of each element of text in a formal model, known as a
Document Type Definition (DTD), users of XML can check that each component of
document occurs in a valid place within the interchanged data stream. An XML DTD
allows computers to check, for example, that users do not accidentally enter a
third-level heading without first having entered 2 second-level heading, something
that cannot be checked using the HyperText Markup Language (HTML) previously
used to code documents that form part of the World Wide Web (WWW) of
documents accessible through the Internet,

However, unlike SGML, XML does not require the presence of a DTD. If no
DTD is available, either because ail or part of it is not accessible over the Internet or
because the user failed to create it, an XML system can assign a default definition for
undeclared components of the markup.

XML allows users to:

+ bring multiple files together to form compound documents

+ identify where illustrations are to be incorporated into text files, and the format
used to encode each illustration

» provide processing control information to supporting programs, such as
document validators and browsers

» add editorial comments to a file,

It i$ important to note, however, that XML is not:
« a predefined set of tags, of the type defined for HTML, that can be used to
markup documents

+ astandardized template for producing particular types of docurnents.

XML was not designed to be a standardized way of coding text: in fact it is
impossible o devise a single coding scheme that would be suit all languages and all
applications. Instead XM, is formal language that can be used to pass information
about the component parts of a document to another computer system. XML is
flexible enough to be able to describe any logical text structure, whether it be a form,
memo, letter, report, book, encyclopedia, dictionary or database. a
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1. (10%)

(a) Givena mx»n matrix A, explain the.fact that if det A0, then A lexists (5%)

(b) Will the three vectors [1_ 1 0] [0 1 1] [1 0 I] form a basis for the vector

space R*? Explain your answer. (5%)

1 2 -1 4
2. (10%)Given A= 0 1 -2 3|, find the rank of A and the basis for the row
-1 0 -3 2

space. If A is the coefficient matrix of a non-homogeneous linear system, how

many sclution(s) can you expect?
3. (20%) Solve the following linear system using both Cramer’s mle and LU
decomposition. '

X +4x,+2x,=5
X tdx,—x, =2
2x, +6x, +xy =7

4. (30%)

(a) Given the quadratic form Q =3x’ +2x,x, + 2x,x, +4x,%, =x Cx . Find the
symmetric coefficient matrix C. (5%)
(b) Find C's eigenvalues and the corresponding eigenvectors. (10%)
« (c) Verify that one set of eigenvectors of C can form an orthonormal system. (5%)

(d) Compute A'®. (10%)

5. (15%) A company has warchouses in New York, Boston, and Los Angeles. Each
month 2/5 of the contents of New York is sent to Boston and Los Angeles, 1/3 of the
contents of Boston are sent to New York and Los Angeles, and 1/4 of the contents

of the warehouse of Los Angeles are moved to New York and Boston. Find the
eventual distribution of the company's inveniory.
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6. (15%) Construct a mathematical model that describes the traffic flow in the road
network of the following figure. All streets are one-way streets in the directions
indicated. The units are in vehicles per hour. Given two distinct possible flows of
traffic. What is the minimuin possible flow that can be expected along the branch
AB? (Hint: balance of vehicle flow at each junction)

200 ' 4 100
Y '
100 A X B 150
X4 »
A 4 x2
100 p %3 c 50
] | ]
] A
5
Ov 5_0
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1. [Regression analysis] [12%6, 3, 3]
Mean value X and regressed values &, can be calculated from a set of statistical data x;, 7= 1
to n.
1). Define the variance Far(x) in words and express it in a mathematical form.
2). What is the basic principle behind a regression analysis?
3). What is the goodness-of-fit R* and express it in terms of x;, ¥ and X,

2. [Covariance and correlation coefficient} [6 75:3, 3}
From two observation data sets x; and y;, i= 1 ton ;
1). Define the covariance Cyy in words and express it in a mathematical forim.

2). Define the correlation coefficient pyy, in words and express it in a mathematical form.

3. [ANOVA]Y[9%:3, 6]
1). What does the acronym ANOVA stand for?
2). What are the main objectives of the ANOVA?

4. [Central limit theorem} [13%:3, 3, 7]
Assume the total discharge () at a section of a river is the sum of the surface runoff (x) and

ground water discharge (). From the sampled data avai]able, it has been found that the
surface runoff and ground water discharge have the foliowing means and standard

deviations, ¥,s,, ¥ and s, respectively Express the mean and standard deviation of the total

discharge and estimate the total discharge z to within a probability of 5% (which gives the

cumulative probability of 1.65 from a standardized normal distribution).

£ o4y st EA [60 4]

5. [ Probability : Binomial distribution] [17 %:3,3,3, 3]
Consider a five-well (0il) exploration program in a virgin basin in Taiwan Strait where the
success ratio of discovering an oil well is about 10%. What is the probability :
1). That the entire program will be a total failure?
2). That one well will come in during the five-hole drilling program?
3). Of discovering two wells in a two-hole exploration?
4). Of two successes in a five-hole exploration?
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6. {Test of hypothesis, Central limit theorem and t-distribution] { 9/:{' 3,3, 3)
A parent population has a mean of 1, = 14.2 mm and standard deviation s = 4.7 mm. Now,
apply the principle of central limit theorem to test whether a sample observation of six
values that has a sample mean of 14 = 30.0 mm is drawn from the same parent population,
for the significance level a = 0.05.

7. [ANOVA and F-distribution] [ 12f/ 9, 3]
Moisture content versus depth in a core soil sample of mud in a locality in Kaohsiung is:
Depthx; (m) : 0, 5, 10, 15, 20, 25, 30, 35
Moisture yi (%) © 124, 78, 54, 35, 30, 21, 22, 18
1). Use an ANOVA table and F-distribution to test whether a linear regression is sufficient
to represent the relationship between the depth and moisture content. This can be done by
comparing the F-test with a theoretical value from the F-distribution table, F{v), w, 2) =
5.99, where v) and 1, are the degree of freedom for the linear regression and deviation
terms, respectively, and a is the Jevel of significance taken as 0.05. The regressed
¥, =94.667 - 2.681x, is provided for your convenience.
2). What are the possible reasons leading to the rejection of the H, hypothesis?

8. [Central-4 MAJ [27/ 12, 9,3, 3] _
A smail factory has made profit from its sale of products in the past four years {1999 to
2002}). Estimate the seasonal effects from the following quarterly data x;, i = 1 to 4, in
million dollars, using the method of central-4 moving average:

Quarter
Year Q1 Q2 Q3 4

1999 68 70 66 57
2000 65 67 63 55
2001 64 65 63 53
2002 62 63 61 50

1). Pirst calculate the resultant time series 4, ; using the central 4-moving average to smooth
' the quarterly data, then their corresponding residuals, R; = x;—Aa, the overall quarterly

residuals, 5, to sy, and the seasonally-adjusted values Y= XS

2). Plot (sketch on a scaled graph on your answer sheet) the seasonally-adjusted values y;
against time 7 (16 quarters in the years 1999 to 2002) on the same figure for x; and 4, ;.

3). Observe the variations in the quarterly profits and comment on their trends, both yearly
and quarterly,

4). Without performing a regression analysis on the seasonally-adjusted values y;, predict the
likely profit in the first two quarters in 2003.
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1. What is the purpose of Calculus? Describe the contents that you have studied in
the college'? {10%)

2. Bvaluaté the following limit values (20%)

. sin{ax) o
@ lim55=" %
{b) ]irglx‘=? (5%)

© limrsinl/x))="2 (5%)

x=0

-5
(d) hm 3

X2

=7 - (5%)
3. Evaluate the following derivatives (20%)

(@ g;(e-’* sin(x)) =2 (5%)
(b) %(sin-'(xg))ﬂ (5%)

(c) %(1 +x)" =7 (5%

({ -3x .
@ — J[ tan(f)dr =7 (5%)

x

4. Evaluate the following integrals  (20%)

@ | (—x;'f:ﬁgabr =7 (5%)
(o) [3dx = (5%)
{c) Txe'z’dx =7 (5%)
9

(@ j(x— 2) =7 (5%)
1]
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5. An environmental study of a certain suburban community suggests that the average
daily level of carbon monoxide concentration in the air is described by the formula

C(p)=+J0.5p* +17

Parts per million when the population is p thousand. It is estimated that ¢ years
from now, the population of the community will be

p)=3.1+0178
What will the change rate of carbon monoxide concentration be after 3 years from
now?  (15%)

6. A quarter circular plate with radius 3m is shown in the figure. Use integral method
to find its area, and find the Centroid (X,¥) of the plate. (15%)

v




