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1 » [ Ordinary Differential Equations) 36%
(2) Rind the general solution of (1+2e"”) dx+2e"(1-x/y) dp =0
(b) Find a second solution of the following 2™ order linear differential equation using the given y,:

(l—xz)y"—2xy'+2y=0, W=z

2 » [Linear Algebral 20%
{(a) A linear system Ax = b of m equations and » variables. State under what conditions the linear
syslem will have solulion(s), a unique solution, and infinitely many solutions,

31 1
(b) Givenamatrix A=|1 0 2|, find its orthonormal basis of eigenvectors for R>.
1 20

3 - [ Modeling Spring Motion ] 10%
Suppose that a body of mass m slides without friction on a horizontal surface as shown in the
following figure. The body is aitached to a spring with spring constant & (the damping force of the
spring is exciuded), and is also subject to viscous air resistance with coefficient -y (the higher speed,
the more air resistance}. Formulate a differential equation to simulate this spring motion system, and

briefly describe how to solve it

20

4 ~ { Laplace transform and solution by undetermined coefficients } 20%
(a) Solve the following linear differential equation by Laplace transform

y'42y+y=e ', for initial conditions p(0)=-1 and »'(0)=1.
(b) Solve the following linear differential equation by solution of undetermined coefficients

y42y+y =e”f, for initial conditions y(0)=-1 and p'(0)=1.

5 » [ Fourier analysis] 10%
 Find the Fourier series for a periodic square wave given by the function
0,if —2<x<-1
f(xy=gkif ~l<x<lp=2L=4,L=2
0,ifl<x<2
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6 ~ [ Vector analysis — divergence - conservation of mass in fluid fiow]} 10%
Consider the flow through a rectangular box R with dimensions Ax, Ay, Az parallel to the Cartesian
coordinate axes. The velocity vector of the fluid particle is v = [v,,¥,,v;] = wi+vaj +vik. From
conserving the flux of fluid mass entering and leaving the boundary faces of the box per unit time,
derive the continuity equation of a compressible fluid flow, i.e., '

-Bp

——+di =0,
oy wv{(pv)

PAY, + PAY, " PAY, )
Ax

where the divergence div(pv) = " -
Y4
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1 - Terminology (3%X10=30%)

(1Y D’ Alember’s paradox (2) Inviscid fluid

{3) Velocity potential {4) Newtonian fluid

(5) Reynolds number (6) Von Karmén’s vortex street
(7 Irrotational flow {8) Froude number

{9) Turbulence (10) Fluid particle

2 ~ Compute the hydrostatic force acting on the body shown in the next figure
{magnitude and direction).(10%) '

T e T T R e
izm i Tam —;\"7}}."‘*

3 - Ahomogeneous, 4-m-wide, 8-m-long rectangular gate weighing 1000 kg is held
in place by a horizontal flexible cable as shown next. Water acts against the gate
which is hinged at point A. Friction in the hinge is negligible. Determine the
tension in the cable. (Solved this problem by at least 2 different methods20%)

7 Cable A:‘E.
J -

Water Gate -
m

Hinge

4 ~ Waler flows over the spillway shown in the next figure. If the velocity is uniform
at upstream and downstream, determine (1) the flow rate assuming the spillway
" width is 4m; (2) the force acting on the spiflway, assuming the viscous effects are
negligible. (20%)
'y

3.6m

5+ A velocity field is given by V= (I%)(x_i-— y7), where ¥, and £ are constants. Find

(1) the possible streamlines in the first quadrant, (2) the acceleration field. (20%)
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- According to Fig. 1. please find the moment of inertia of the shaded area about

x-axis. (25%)

- According to Fig. 2, where a rigid-bar BC of length L and weight W is held by 2

cables. Please find (1) the tension force for each cable and (2) the angle” & . (25%)

- Please construct the shear force and bending moment diagram of the beam shown

in Fig. 3 and please identify the location and magnitude of the maximum bending
moments. (25%)

- A prismatic bar is subjected to an axial force that preduces a compressive stress of

56 Mpa on a plane at an angle 0 = 30°, Please determine the stresses acting on all
the faces of a stress element oriented at § = 50°. (25%)

&
;,>————-‘-55"'
A 8
. 9]
F 9. =
g: ; o A% M-

AT L) JD
A A p i
-+ o - e B
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LA B A 4 b 2 8483 (Nitrogen Cycle) > 4 4 4 4 £ 1 2.
CBBOGHLE Y ML LB R P E R AN LA L
LR K - (10%)

2. SR A A M AR LR (clean energy) Ik F 8 P 89 — 48 3,
o MPRTFHRBRIERTZEEAS - LT W2 BE
BYVREREF  BERANELEEAR TR > =215 T
EIMCRAR B A AR Z M 0 A2 kM RS R (biogas
eneigy) AL SR G AL B L AA BT L ez 4
LR B A2 B AT 5 91 2 3% 4 ) 4 F5(10%)

3. A4 B M E M5 R (activated sludge) 4 4y 45 12 3@ 42 b > JR4E R
ARER P A w2z A ERARE > TE 55 A & & (high
rate) & tki5 Rk - 4R 4 (iraditional) 7E M 55 Rk R i £ A
(extended aeralion) & M 35 I 34 o Btz 4 Kb (4 Eae
BAEWME FIBE - HEEZ AR 3E I8 ZAE RN ISR R A
ERZ o B A RROURTAZARGRE - RIBM4 W4 &
ﬁﬁVﬁ%%ﬁﬁkiﬁ%ﬁﬁ%%zﬁﬁ&ﬁ&ﬁ%%m%

4. FI A E 10" M HC ks ity pHAE BT ? 40 £ 2
107 M HCI K%k ? 4o R & 1055 M HCI & 5 i 2
(10%)

5. COD 4y MEE L AT 7 44 COD B ik B1w 9
(10%)

6.@%ﬁﬁ%wﬂfi%Bmxwmxmﬁik%smxw
BOD3) » 347 5T 2448 w4 £k 3+ B X 49 BOD (Bp BOD,) ? 25 2,88 4o
A6 o o B B A B RHE - (10%)

’1%ﬁ%&ﬁ%kﬁ*@*%i%&%ﬁ%ﬁ%ﬁ?%%&%
J T #5 K (charge balance) » it 3% 38 88 4u fo] HEEIRT KA
T rskey pHE » (10%)
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8. The sediments of an estuarine creek in New Jersey

contain lalg(, amounts of mercury bound as sulfide (with

. K =107%) under prevailing environmental conditions (pH
= 6.8; Eh = -230 mV). Environmental scientists have been
asked to assess the potential impacts of the polluted
sediments. They conclude that the mercury poses no
danger in 1ts current state. However, they caution against
any action that would expose it to air and increase its
redox potential. Explain why the scientists come to this
conclusion. (10%)

9, HHATHREIZA LA HH LUULE T )AL
1 2 HPLC, AA, GC-Mass  (10%)

FEHE TR EHEHK (10%)
(a) n-hexane
(b) pentachlorophenol
(c) toluene
(d) PCBs
(e} Acetic acid
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?/H_a : ._l_.mi%kit T '%i (/5117%2):1@%%) £\ A 2R
LR ESRHBERTHREROYE > BRETROLEFE - (10%)

2. IR ETENARKEHE 240 £ EE DR RPEER FEaERIE S
Hr H 5 T o) B R B E Y K - (10 %)

3&iiﬁlmeMﬁﬁ%ﬁﬂmﬁﬂl\ﬁﬂﬂﬁ%lﬁzﬁ%% B3R A
(20 %)

4. Rl TR IRE B2 BT - (10 %)

5. (1) RAHEBABEPOBARERLERIE (5% (2) KR b E sz
BB (5 %)

6. fLi% 4 39

A. Rainfall Intensity~-Duration-Frequency Curve (2%)

=

Sediment Oxygen Demand  (2%)

A

First Flushing  (2%)
Eutrophication (2%)
Oxygen Sag Curve (2%)

Kow (4%)

o m o m g

Green House Effect  (4%)
H. LDsy  (4%)
I, Salting-out Effect (4%)
J. Surfactant (4%)
TOTHIRBAL AW E RO MR RIBRET O HIBEB S F AR ZBE D

A. PCBs B. PCDDs (10 %)
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{1} {15%) Given the matrix A=

O e =
- b W B
_— = e B
o I O

(a} Find the rank of matrix A. (5%)

(b) Consider the linear system Ax =0, where A is given above, Find a nuH space of matrix A and its
nullity. (10%)

. 311
() (15%) Given amairix A=11 2 1]
011

(a) Find the inverse of A by the method of Gauss-Jordan elimination. {5%)
(b)Y Find the determinant of A. (5%)

(¢} Verify your solution of (a) by the determinant of A. (5%)

= b2 LA
N W

3

(3) (30%) Given amatrix A =|0
0

(2) Find the eigenvalues and the corresponding eigenvectors. (15%)

(b) Given T= and A =T™'AT, pleasc verify that A and A are similar in terms of

o o= O
— o O

1
Y
0
their eigenvakues and eigenvectors. (15%)

{4} (10%) Can the vector (3, -4, -6) be expressed as a linear combination of the vectors (1, 2, 3), (-1, -1,
-2), and (1, 4, 5)? Show detailed explanation.

e
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x+y=06
(5) (10%) Find the least-squares solution of the linear system 1 —x+ y =3 and skefch the solution,
2x+3y=9

a b ¢
(6) (10%) Given A=fd e f | and the determinant of A, denoted as def(A), is equal to 3, that is
g h i

4
b1).
i

d f
det(A)=3. Find the det{ A" ATA) and the det{| & ¢
g h

(7 (10%) Given a quadratic form Q:4x,2 +12x,x, +13x,° =16, transform the ( to the principal

axes y,and y, , and express X" =[x, x,] in terms of the new coordinate vector y' ={y, y,]-
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HE RBERERRCEIRAERE )

—~ {HEE “Agenda 21”? {+RER “Local Agenda 21?7 87
IREREE N GINEBRB RN BEWRF? Btk
—IEIRBARBBONAE - (25%)

= fHEREREIKE (Ecotourism) ? AHERLEETE

EBENREERNEE  BFBHA SREESEER -
(25%) |

=~ HEERESES(UNEP)RIFEEEENNE - RhNHR
IR UERRTR ) SRTIENE 150 & MRTEENEEES
FEFEMIEEN EBE, 5 - REQREER T
B2RBFEANENRS » XAOIZEASEBREATIEY
BEBI(RRE  HREE - RENEREBHTESS
W)Y SEMNASYEREERTE TN ? B |
BY85 * MBI AHE C BORENHEE ? (25%)

v BFERESENTETHE  BEEE » EALUREZRE
BECBH - WRIRODERBDFREOSLERDDE Y

RPN IR ER B SF B - IR KEHE 2+ 8RS
BUsRRE L » SfTHEITRE? (25%) ‘

% /R R/ R
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TObject modeling methodologies, such as UML (Universal Modeling Language) and
OMT (Object Modeling Technique) are becoming increasingly popular. Although
these methodologies were developed mainly for software design, a major part of
software design involves designing the databases that will be accessed by the soflware
modules. Hence, an important part of these methodologies—namely, the class
diagram—are similar to EER diagrams in many ways.

In UML class diagrams, a class is displayed as 2 box that includes three sections: the
top section gives the class name; the middle section includes the attributes for
individual objects of the class; and the last section includes operations that can be
applied to these objects. Operations are not specified in EER diagrams.

Relationship types are called associations in UML terminology, and relationship
instances are called finks. A binary association (binary relationship type) is
represented as a line connecting the participating classes (entity types), and may
(optional) have a name. A‘reiationship aitribute, called a link attribute, is placed in a
box that is connected to the association’s line by a dashed line. The (inin, max)
notation is used to specify relationship constraints, which are called multiplicities in
UML terminology.

In UML, there are two types of relationships: association and aggregation.
Aggregation is meant to represent a relationship between a whole object and its
component parts, and it has a distinc! diagrammatic notation.

The operations given in each class are derived from the functional requirements of the
application. It is generally sufficient to specify the operation names initially for the
logical operations that are expected to be applied to individual objects of a class. s

2. SFRAT PIBEPT PN K 3309 Web Dalabases 2 Bl 885 & & &
¥ o (20 &)

TThe Web is an important factor in planning for enterprise-wide computing
environments, both for providing external access to the enterprise’s systems and
information for customers and suppliers and for marketing and advertising purposes.
At the satne time, due to security requirements, employees of some organizations are
restricted to operate within intranets—subnetworks that cannot be accessed freely
from the outside world. Among the prominent applications of the intranet and the
WWW are databases to support electronic storefronts, parts and product catalogs,
directories and schedules, newsstands, and bookstores. Electronic commerce—ihe
purchasing of products and services clectronically on the Internet—is likely to
become a major application supported by such databases,

The future challenges of managing databases on the Web will be many, among
thern the following:
. Web technology needs to be integrated with the object technology. Currently,
the web can be viewed as a distributed object system, with HTML pages functioning
as objects identified by the URL.
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. HTML functionality is too simple to support complex application

requirements. As we saw, the Web Integration Option of Informix adds further tags to
HTML. In general, additional facilities will be needed to (1) make Web clients
function as application front ends, integrating data from muitiple heterogeneous
databases; (2) make Web clients present different views of the same data to different
users; and (3) make Web clients "intelligent” by providing additional data mining
functionality.

. Web page content can be made more dynamic by adding more "behavior” to it
as an object. In this respect (1) client and server objects (HTML pages) can be made to
interact; (2) Web pages can be treated as collections of programmable objects; and (3)
client-side code can access these objects and manipulate them dynamically.

. The support for a large number of clients coupled with reasonable response
times for queries against very large (several tens of gigabytes in size) databases will
be major challenges for Web databases. They will have to be addressed both by Web
servers and by the underlying DBMSs. 4

3. HMAT AR EABN A 38 deductive database 7 £ 7 B &
EBgRAEH-Q2045)

PIn a deductive database system, we typically specify rules through a declarative
language-—a language in which we specify what to achieve rather than how to achieve
it. An inference engine (or deduction mechanism) within the system can deduce new
facts from the database by interpreting these rules. The model used for deductive
databases is closely related to the relational data model, and particularly to the domain
relational calculus formalism. It js also related to the field of fogic programming and
the Prolog language. The deductive database work based on logic has used Prolog as a
starting point. A variation of Prolog called Datalog is used to define rules
declaratively in conjunction with an existing set of relations, which are themselves
treated as literals in the language. Although the language structure of Datalog
tesembles that of Prolog, its operational semantics—that is, how a Datalog program is
to be executed——is still a topic of active research. 5

4. What are the differences between FORTRAN 77 and FORTRAN 907
Please make sample codes to illustrate the differences. (20 %)

5. What is database software? What are the principal features of database
software? What are the benefits of using database software in the ﬁe]d of
marine environment? (20 %)
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L.

Find the derivative of following expressions

i

(1) y=—mp—
1+x" +4
@ y=2"3"

(3) y=x*-exp(x?)

2. Integrate the following expressions

dx
W j-)c x+1

dx
@) I2+cosx

O [

3. Evaluate the following expressions

4. Evaluate the line integral

5 6 :
over a path from (0,1) to (1,3). (Hint using f\?gt«dr = Idgb) (15%)

5. Ina SARS bacteria cultivated laboratory, an expert is doing a special research to
study the bacterial growth rate and its population. At the beginning, the bacterial
population is 10,000, and it found that it takes 10 minutes 1o increase the
population from 20,000 to 100,000. If the bacterial growth rate follows ‘the law of

)
(1) lim eV

@) lim l—cosx

X=p0 x

1

(3) lim(

=0°sinx x

natural growth’, i.e. Q'(¢) = kQ(¢), the growth rate equals to the population

times a constant. Find what the total population will be after 100 minutes. (20%)
A tank with Im diameter contains water depth 4m. At bottom there is an orifice
hole (£1.I7) with 5 cm diameter. A worker forgot to close the gate valve (JE]F9)
after finished his repairing job. How long will the tank be empty? Assume the

leakage velocily is equal tov = \[2gh , where g is gravity acceleration

(g=9.81 ’% 2 ), h is the water depth.  (20%)

- (3%)

J‘Qxyex]cix + e’ldy

(5%)

(5%)

(5%)
(5%)

(5%)

(5%)
(5%)

(5%)
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1.

5.

6.

[ Terminotogy ) [ 10 41
Statistics is a subject to deal with various scales of measurements. Please give a short definition and
examples for each of the four major levels of scale.

[ Normal distribution) [ 10 4]
Repeated measurements made on large samples of x; (/=1 to N) may produce a bell-shaped
frequency distribution curve, called normal distribution N(X , 5), where ¥ is the mean and s is the
standard distribution of the samples.

(1) Indicate the position of the mean, median and mode on a biased distribution curve.

(2) If the population mean is given by x and sample mean by X, express statistically the variance of

the population ¢and the limited sample 52,
(3) Define the skewness (4 # ) and kuriosis (4 A ) mathematicaily using x;, ¥, s and V.

[ Normal distribution] [5 4]

(1) Give a general equation of the probability density function p(x) for the normal distribution N(x,
5).

(2) Upon using the z-score to standardize each sample value, ie., z, =(x, ~ ¥}/ 5, the standardized

normal distribution M0, ) has zero mean and the curve covers 99.73% within the range of
—30 £z, < +30, where ois the standard deviation of the population. What is the value of total

coverage with the range - 20 <z, <4207

[ Central limits theorem] {5 4+
(1) What is the physical meaning given by the Central Limits Theorem for sample means?
{(2) What is the mathematical expression for the mean and the variance of the sample means X in

terms of population mean g, variance o®and total number of samples V.

[ Statistical tests} [ 15 4]
Give the mathematical equation for each of the three major statistical tests, namely the /-test, the
F-test and the p*—test, and the main purpose of their applications.

[ Covariance and correlation coefficient} {5 4]
From two observation data sets xjand p;, i = 1 to NV :
(1) Define the covariunce Cyy in words and express it in a mathematical form.

(2) Define the correlation coefficient Py 10 words and express it in a mathematical form.

[ Classification of deterministic data) [10 4]

Deterministic data are scientific data of a physical parameter (variable) as a function of time.
(1) Please give a broad classification of deterministic data.
(2) What is the main pupose of applying the Fourier Transform on a lime series data?
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8. [ Test of hypothesis and r-distribution) [ 10 ]
We wish to test the hypothesis that a set of 10 porosity samples, x; = [13, 17, 15, 23, 27, 29, 18, 27,
20, 24] came from a parent population having a porosity of more than |8%. Assuming the samples
were randomly collected from a normal population, and upon calculating the /-statistic, we wish to
test the hypothesis ' .

Hyu < 18%

against Hi: > 18%
for a significance level & of 0.05 (i.c., it is true only one time in twenty).
STATE ciear! what is the possible outcome of the test, given the critical ¢ value equals to 1.833 for
degree of freedom v= 9 and level of significance & = 0.05.

X—yp,

[ Hint: r-statistic is given by ¢="2
syfl/n

9. [Central-4 Moving Average] {30 $-]
A small factory had profit from its sale of products in the past four years (2000 to 2003). Using the
method of central-4 moving average to calculate the seasonal-adjusted profits from the following

quarterly data x; (i = } to 16), in million doHars:

Quarter
Year QI Q2 Q3 4

2000 68 70 66 62
2001 65 67 64 58
2002 64 65 62 38
2003 62 63 60 52

1). First tabulate the quarterly data x; in sequence, then use the central 4-moving average to calculate
the resultant time series 44,(i) for i = 3:14; followed by corresponding residuals £; = x;— Ay (1)
for i = 3:14, the overall quarterly residuals, 5, to 84, and finally the seasonally-adjusied values y; =
xj— s, for i = 1:16. ' :

[Hint: foreach i=3:14, 4,,() =((x_,: X))+ 2(x,, 1x,.9/8 ]

2). Sketch roughly with a proper scale on your answer sheet the seasonally-adjusted values y; against
time i (16 quarters in the years 2000 to 2003), and x; versus litne i(1: 16) on the same graph.

3). Observe (from the graph plotted in step 2), the variations in the quarterly profits and the
seasonally-adjusted values, comment on their trends, both yearly and quarterty.

4). Without performing a regression analysis on the seasonally-adjusted values y,, predict the likely
profit in the first two quarters in 2004, '

e S L



