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1 » [Ordinary Differential Equa(ibns_] 20%
(a) Differential equations arise in iﬁany engineering applications, Please NAME the possible
engineering application for each of the following differential equations:
(1), my"+ky=0
). Ely"=fx)
(b) Find a general solution for the following second-order differential equalion:

.

Prwly =cosar, y(0)=yo, Y'(0) = vo, and o® # @’

2 - [ Partial differential equation] 20%
(a). Linear partial differential equations, Au,, +2Bu,, +Cu = F(x,y,uu,,u1,)can be classified

into three types, depending on the condition of B —4A4C.

Indicate how the condition of B? —4A4C is linked to each of these three types and also
provide a typical mathematical equation for each type,

(b).Prove u = 2xy Kx* +y?) is a solution to the Laplace equation,
- [ Linear integral in a complex plane] 10%
Find the integral of 1/z around a unit circle C given by :
o(t) =cost +isint=¢" (0 =<1<2m)
4 - [ Solution by undetermined coefficients e] 10%

Solve the following linear differential equation by solution of undetermined coefficients :
y'4+2y'+y=e™, initial condilions y(0)=-1 and y'(0)=1.

5 ~ [ Laplace transform] 10%
Solve the following linear differential equation by Laplace transforn :
Y2y y = e, initial conditions p(0)=-1 and y'(0)=1.

6 ~ [ Fourier analysis] 10%

Find the Fourier series for a periodic square wave given by the function :

0,if -2 <x<—1
Sy =3kif -T<x<lip=2L=4,L=2
0,ifl<x<?

7 » [Method of least squares, Vector analysis and Linear algebra) 20%
(a). A straight line y=a + bx is to be fitted through a set of » points (x1, y\), ..., (¢, Y}
Iind the mathematical expression for the constant coefficients @ and b.
(b). [Vector quantity in three-dimensional form] Express in veclor form the moment of a force FF
about a line L (hreugh au arbitrary point pr with a distance » from the force.
(c). State undet what conditions the linear system AX = B of m equations and # variables will

have solution(s}), a unique solution and infinilely many solutions,
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. Afree falling object in the waler usually encounters external forces which may
decompose inlo surface forces and body forces. In empirical expression, the
surface forces have ban simplified as drag forces and buoyant force. Please use
above terms to describe (e molion equation of the objecl,  (25%)

1K

¥

27, —

2. A gate, shown in Fig. (a), is installed in a channel suddenty pulling up a small gap,
shown in Fig, (b). How to délermine the forces on the gate in both situations and
indicates which one has larger forces on the gate. Assume that the channe! fiiction
effect is negligible.  (25%)

id

Zm

(a) (b) 10cm

3. According to your opinion and observalion for the public construction works,
after the struck of 921 Earthguake, have any improvements been done? If yes,
what are the evident cases? If no, what may be the major problems?  (25%)

4. The construction of a suspending type cable-car across (he Kaohsiung Harbor
has been discussed. Without considering the impact of the environment, in your
opinion in terms of the safety of this type of construction, do you approve for this
construction and why? (25%)
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1. Please explain ‘surfactant’ and discuss (a) the mechanism of micelle formation and (b) the
solubilization power of micelles. | (15%)

2. Please discuss the mechanism ofsei)altation of coxﬁpounds by use of (a) liquid chromatography (b)
eleclrodialysis ~ (10%)

© 3. Please explain Kg and K. Pleasg discuss their significance in environmental science. (15%)
4. Please explain Langmuir adsorption isotherm and discuss its applications.  (10%)
3. Please discuss the applications of ar;tivity coefficient. (5%)
6. Please discuss the effect of pH on the toxicity of ammonia nitrogen. (5%)

7. Please write down (with explanation) a first order rate expression for a chemical reaction. (5%)

8. Please explain: . (15 %) .
(a) Nernst equation (b) buffer intensity (c) break point chlorination

9. During a field survey, please suggest a methodology in detail to obtain a vertical profile of dissolved
oxygen concentrations (in good quality) in a lake.  (8%)

10.Please write down the chemical formula for the following chemicals (I?%)
(a) I-octanol ’
(b) dioxins
(c) hexachlorobenzene
(d) tetra-n-butyltin (TBT)
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(1) (40%) The scientific approach to the analysis and solution of managerial
problems involves:
(a) collection of in for;nalion,
(b} specific delinition of the problem,
(c) sclecting alternative cémrscs ol action,
(d) testing the selected alternatives,
(e} selecting the best alternative(s),
(f) implementation.

Please stale exlensively each of six steps in your master thesis research.

(2) (30%) There are (wo broad classes of mathematical models: deterministic
and stochastic. Please describe under what situations will each type of

models be most suitable for?

(3) (30%) It is the current trend to explore the sustajnable development in many
popular issues. For example, the “integrated coastal zone management”
(ICZM) has been promoled in the Buropean Union (EU) for the purpose of
sustainable coslal zone management. To fulfill the goal of sustainable
development, many aspects of researches, such as social-economiics,
environment, ecology, need to be considered simultancously in a modeling
process due to their inleraclive relation. Please state your opinion about
how (o integrate or combine different types of models as a whole syslem for

{he assessment of sustainable development.
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1. [ Terminology} [10 4]
Tn Statistical Analysis, mean ¥ and regressed value %, are calculated [rom a set of dataxi, i = 1 to n.
1). Define the variance Var(x} in words and express it in a mathematical form.
2). What is the basic principle behind a regression analysis?
1). What is the goodness-of-fit R* and express it in terms of x;, ¥ and %,

2. [Covariance and correlation coefficient] {5 4]
From two observalion data sets xjand p;, i = L ton :
1). Define the covariance Cyy in words and express it in a mathematical form.

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

3. [ANOVAL (10 4]
1). What does the acronym ANOVA stand for?
2). What are the main objectives of the ANOVA?

4, [Normal distribution] {15 %)

Repeated measurements made on large samples of x; (i = 1 to N} may produce a bell-shaped

frequency distribution curve, called normal distribution N(% , 8}, where ¥ is the mean and s is the

standard distribution of the samples. '

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

(c). Define the skewness (4% #&) and kurfosis (% 8 ) mathematically using x;, X , s and M.

(d). Upon using the z-score to standardize each sample value, i.e., z, =(x, - ¥)/s, the standardized
normal distribution N(0, 1) has zero mean and the curve covers 99.73% within the range of
-3¢ <z, < 430, where ois the standard deviation of 1he population. What is the value of total

coverage with the range ~20 <z, <+207?

5. { Statistical tests] [15 %]
Give the mathematical equation for each of the three major slatistical lests, namely (he /-test, the
F-test and the ){Llest, and the main purpose of their applications.

¥ A [45 5]

6. [Test of hypothesis and f-distribution] {15 %)
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 mere than [8%. Assuming the samples
were randomly collected from a normal population, and upon calculating the f-statistic, we wish to
test the hypothesis )
Hoopn< 183%
against Hy: gy > 18%
for a significance level @ 0f 0.05 (i.e., it is truc only onetime in twenty).
STATE clearly what is the possible ouicome of the test, given the critical 1 value equals to 1.833 for

degree of freedom v =9 and level of significance = 0.05.

X-u
.l,,]

s\ijn

[ Hint: r-statistic is given by ¢ =
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. 7. [Cenlral-4 Moving Average] [30 %]
A smali factory had profit from its sale of products in the past four years (2000 to 2003). Using the
method of central-4 moving avefaée to calculate the seasonal-adjusted profits from the following
quarterly data x; (i = 1 to 16), in million dollars:

- Quarter

Year Ql Q2 Q3 Q4

2000 68 70 66 62
2001 65 671 64 58
2002 64 65 62 56
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,(7) for i = 3:14; followed by conesponding residuals R; = xi—442(i)
for ¢ = 3:14, the overall quarterly residuals, 51 t0 54, and finally the seasonally-adjusted values ; =
x;i— s, for i = 1:16.

[Hint: foreach i=3:14, A, () =((x_; 1x,5) +2(x,, 1%, N/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 1o 2003), and x; versus time 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 quarterly.

4). Without performing a regression analysis on the seasonally-adjusted values y;, predict the likely
profit in the first two quarters in 2004,
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(1) Coriolis Force (2) aphotic zon‘c‘_(3) continental slope  (4) Ekman spirat
(5) knot (6) lagoon (7:) ﬁlm\kton bloom  (8) saltwedge (9)
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