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—‘zk% 1. Explain the following terms:
(1) hrrotational flow
{2) kinematic viscosity
(3} Circulation
{4) Boiling
(5) Continuum
{6) Vena contracta
(7) Cavitation
(8} External forces _
| [\% 2. The pressure difference, AP , across a parlial blockage in an artery (1)
(called a stenosis ((:FJLf#3E) ) is approximated by the equation
v 4, Y
Ap= Ku-’;—)—ug, [juiJ P
Where V is the blood velocity, D the artery diameter, ¢ the blood density, p the
blood viscosity, 4, the area of the unobstructed artery, and 4, the area of stenosis,

Delermine the dimensions of the constants X, and X, . Would this equation be valid

; in any system of units?

l { % 3. Prove the equation of capillary effect (BP0 for a small tube inserted into a
water,

_ 2adcosd

o

i where h is the height of water, o the surface tension, # the contact angle, ¥ the

]
|
] ]
| specific weight, and » the radius of tube.

—
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( i% 4, Caleulate the force F required to hold the gate of the figure as below in the closed
position, R = 60 cm,

Hinge
Gale 1.3 m SRR
wide Qi15=0.90 ¢

R 3.()'i
| ] (% 5. Theforces Fyoand F, of figure are such that their magnitudes are related
by I, =3F, . Determine the angle through which the vane turns the fluid jet.

| \ q\?j\_
T
e ——
iF,

{ {% 6. The radial velocity component in an incompressible, two-dimensional flow field is

1; v, =2r+3r’sin@

Determine the corresponding tangenial velocity component, ¥, , required to
satisfy conservation of mass.

imﬁ :
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1. Please answer the following terms: (25%)
(1) Prismatic bar
(2) Pure torsion
(3) Simply support beam
(4) Perfect plastic material
(5) Saint Vennant principle

2. Picase draw the shear and moment diagrams for the overhanging beam shown in
Fig. P2, (25%)

3. The three A-36 steel bars shown in Fig. P3 are pin connected to 2 rigid member. If
b the applied load on the member is 15 kN, please determine the force dcveloped in
each bar. Bars AB and EF each has a cross-sectional area of 25 mm? and bar CF
has a cross-sectional area of 15 mm?. (25%)

4. The bars of the truss (shown in Fig. P4) each have a cross-sectional area of 1.25

in’, I the maximum average normal stress in any bar is not to exceed 20 kesi,
; please determine the maximum magnitude P of the loads that can be applied to the
: truss. (25%)

) 8 kip

f. { et Wﬂ_lz kipft
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(1) [Ordinary Differentiai Equations (24%)
(a) Find the general solution of y'(sinh3y —2xy) = )*. (8%)
(b) Solve 3" +2) +2y=4e ™ sec’x. (8%) :
(¢} Solve xy"+{l-x)y +ny =0 by Laplace Transformation, where »nis a non-negative
integer. (8%)

(2) [Linear Algebra] (10%)

Reduce 2x; +12xx,—7x; =10 to principal axes, and express [x x,]%in terms of new
variables. (10%)

(3) [Vector Caleulus] (16%)

(a) Given f =xy—yz, v=[2p,2z,4x+z], w= [322, 2x* -y, yl], find D, f
(directional directive of fin the direction of v) at (2, 3, 1) and [(curl V) x w] sw.(8%)

(b} Find the work done by a force F = [xz, ¥, yzx] along the curve C: the helix
r =[cost, sint, 3t 0 <1< 7/2. (8%)

(4) [Partial Differentiation Equations} (24%)
Linear partial differential equations, Au,, + 2Bu,, +Cu,, = F(x,y,u,u,,u,)canbe
classified into one of the three types: elliptic, parabolic or hyperbolic, depending on the
condition of B* —4A4C.
(a) Indicate how the condition of B? —4AC is linked to each of these three types and
also provide a typical mathematical equation for each of them. (15%)

(b) Prove u=2xy/(x* + y*)*is a solution to the Laplace equation. (9%)

(5) [Fourier Analysis] (10%)

Find the Fourier series for f{x) = x within the range of 0 <x <27, (10%)

(6) [Selution by Laplace Transform and Undetermined Coefficients] (16%)
Solve the following linear differential equation y"+2y"ty =™, by
(a) Laplace transform for initial conditions p(0)=-1 and 3'(0)=1.and (8%0)
(b) Solution of undetermined coefficients for initial conditions 3(0) =—-1 and Y=l
(8%)
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. environmental science
. natural capital

. environmentally sustainable society
. per capita ecological footprint

. biodiversity

1
2
3
4
5
6. biomass energy

7. ecological niche

8. secondary air pollutants
9. global climate change
10. constructed wetlands and created wetlands

= R (60%)

1. Please, describe the two principles to achieve long-term
sustainability for ecosystems - (12%)

"~ 2. What is genetic engineering ? How is this biotechnology applied in
human society? What is your opinion about this application? Good
O or bad to our ecosystem and environment? (12%)

] 3. What will be the impact to environment for globalization(23R{k) ¢
(12%)

‘4. Both of the issues of too much water and less water will bring
impact to human society and other organisms. How do we reduce
flood risks by using ecotechnology? How do we sustain our water
resources @ (12%)

J 5. How do we prevent and reduce surface water and groundwater
' pollution? (12%)

ety ds
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2. AT A 4 9255 e YR T2 AT 048 B o (10%)
3. MUEBEM A @A L B 4 6 3R (renewable energy) #LiE R 4k R (clean energy) R eg48 fiis -
(10%)
4 REATBRRAERRE RS & - (10%)
B S — BRI (stratified)§ 45 # » DE A ~ 55 RSB 80 4 2R

(10%)

3 MREAL S - (D (alkalinity) (2) B4 /& (electric double layer) (3) BBH# & % €3]
: breakpoint chlorination  (20%)

T BOD RN SR R BT B R RS DR %% BOD
 RRZAGREE  (6%)

8 REHRELREARERARTELM GRRBEIRESE) - (6%)

9. WA X T A 4o 47 B4 AF 0.00Lmole NalICO, o 5] — 29} ok & . pH {& » (pK,=5;

pK»=9 ) (6%)

: '3.1 10. Calculate pE values for an acid solution 10° M in Fe** and 10°M in Fe'?

given: Fe” + ¢ = Fe™ pE° =16  (6%)

=11 Please discuss the mechanism of formation of limestone caves, including the

1 1ole of microbial in this process. (6%)
pi

!
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1. BRIt R -G HEERERY  RSRES SRR
BEENRERE ¢ SEMLEBETE LR ? Iz « (R
BRI AU EH LB (fossil fuels)
(KRR » LERUERIBENRE? (25%)

2. STXERTFRECKSER R T ARERNEE,
BRI TR ERREINHRERM ¢ ESABLEH
I EMMA RERBRILIRIERRE © (25%)

| 3. GEEIRS AR F BT RIS ERISRENRN
1 HEER > BURSRSCAINTERISIE 6437 ARIFEIRIZOVIRIN
! B - HhBEM L RS R RN R B IERISADNES
' RIRMOKERRZHERNEE » $KSREINID
& - HRIRFILEMA BERIEHIREDKER ? (25%)

_ 4 TR REE BRI RSN E T —
] - HERTCSRERTHNEINEY » EpaiE TS
i W, TSEREREYS, R TSEEEMt, £oEk
BN BHEREERBAT TEESREE, 2% B
MREHNELEHNEBEES AR ? (RRBAZR
B BEBUN S EENGE ? (25%)
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1. AT AEEME2 R 3.9 data warchouse #?‘r'}i‘&%{ﬁl'éﬁ.ﬂﬁ KTz
BA - (204%) .

A data warchouse is the main repository of the organization's historical data, its corporate
memory. For example, an organization would use the information that's stored in its data
warehouse to find out what day of the week they sold the most widgets in May 1992, or how
employee sick leave the week before Christmas differed between California and Quebec from
2001-2005. In other words, the data warehouse contains the raw material for management's
decision support system. The critical factor leading to the use of a data warehouse is that a
data analyst can perform complex queries and analysis (such as data mining) on the
information without slowing down the operational systems.

While operational systems are optimized for simplicity and speed of modification (online
transaction processing, or OLTP) through heavy use of database normalization and an
entity-relationship model, the data warehouse is optimized for reporting and analysis (online
analytical processing, or OLAP). Frequently data in data warehouses is heavily denormalised,
summarised and/or sfored in a dimension-based model but this is not always required to
achieve acceptable query response times,

More formally, Bill Inmon (one of the earliest and most influential practitioners) defined a
data warehouse as follows:

¢ Subject-oriented, meaning that the data in the database is organized so that all the data
elements relating to the same real-world event or object are linked together;

» Time-variant, meaning that the changes to the data in the database are tracked and
recorded so that reports can be produced showing changes over time;

-~ ‘Nomn-volatile; meaning that data inthe databaseis never-over-written or deleted, once

committed, the data is static, read-only, but retained for future reporting;
+ Integrated, meaning that the database contains data from most or all of an organization's
operational applications, and that this data is made consistent.

Ag technology improved (lower cost for more performance) and user requirements increased
(faster data load cycle times and more features), data warehouses have evolved through
several fundamental stages:

s Offline Operational Databases - Data warchouses in this initial stage are developed by
simply copying the database of an operational system to an off-line server where the
processing load of reporting does not impact on the operational system's performance.

+ Offline Data Warehouse - Data warehouses in this stage of evolution are updated on a
regular time cycle (usually daily, weekly or monthly) from the operational systems and
the data is stored in an integrated reporting-oriented data structure

¢ Real Time Data Warehouse - Data warehouses at this stage are updated on a transaction
or event basis, every time an operational system performs a transaction (e.g. an orderor a
delivery or a booking etc.} :

« Integrated Data Warehouse - Data warchouses at this stage are used to generate activity
or transactions that are passed back into the operational systems for use in the daily
activity of the organization.

2. WA T AR BE AT 2 P E 0 #3998 data mining ST 45t £ 2 Bk 0 AR
HATRZER - 204)

Data mining has been defined as "the nontrivial extraction of implicit, previously unknown,
and potentially useful information from data" and "the science of exiracting useful

wpF
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information from large data sets or databases". It involves sorting through large amounts of
data and picking out relevent information. It is usually used by businesses and other
organizations, but is increasingly used in the sciences to extract mformation from the
enarmous data sets gencrated by modern experimentation. :

Metadata, or data about a given data set, are often expressed in a coﬁdenscd dota mine-able
format, or one that facilitates the practice of data mining, Common examples include
executive summaries and scientific abstracts,

Although data mining is a relatively new term, the technology is not. Companies for a long
time have used powerful computers to sift through volumes of data such as supermarket
scanner data, and produce market research reports. Continuous irmovations in computer
processing power, disk storage, and statistical software are dramatically increasing the
aceuracy and usefulness of analysis. Data mining identifies trends within data that go beyond
simple analysis. Through the use of sophisticated algorithms, users have the ability to identify
key attributes of business processes and target opportunities,

The term data mining is often used to apply to the two Separate processes of knowledge
discovery and prediction. Knowledge discovery provides explicit information that has a
readable form and can be understood by a user, Forecasting, or predictive modeling provides
predictions of future events and may be transparent and readable in some approaches (e.g.
rule based systems) and opaque in others such as neural networks, Moreover, some data
mining systems such as neural networks are nherently geared towards prediction rather than
knowledge discovery. '

! 3. (2738 £ 4 A (client/server) B # % & #9251 4 (Peer-to-Peer) 04)

i 4. (2) 170 20 AR AR 7 B35 A L M T B2 B 442 (10 &) -
' (b} 738 %% B 3 # Ht(Decision Support System, DSS)? 19§ % K & & (Expert
System, ES)? (10 47

S FH MM R Q4B K H(real number) > B A E#H A EAETH 0 H R

Fortran ~ Basic & C FRAET > BT —MEX(program) kR 3k RAF K > &
A& (sorting) % > BMEZ S —EHE - (204)

T T T W SRAM W DRAMT ERERERMZ ERC (0 7T T T
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2x, +2x, —4x, =14
. 1. (20%) Given a linear system 3x,+ x, +x; = 8, answer the following questions.
2%, — x, +2%, =—1 )

(a) (10%) Without really solving the problem, do you know if the linear syster has a solution?
And if the linear system has solution(s), what type of solution will it be (unique or
infinitely many)? (No peint will be given without detailed description)

{b) (10%) Solve the linear system by Gauss Elimination and Cramer’s Rule.

2. (20%) Construct a model of population flows between city, suburban, and non-metropolitan
areas. Their respective populations in 2000 are 58 million, 142 million, and 60 million. The
stochastic matrix given the probabilities of the move for each year is as the following table.

(from) (t0)

city subwb non-metro
096 0.01 0.015 city

.03 098 0.005 suburb
0.01 001 0.98 | non-metro.

(a) (10%) Predict the populations of city, suburban, and non-metropolitan areas for 2001 and
2002,

(b) (5%} If a person is living in the city in 2000, what is the probability that the person will be
L living in a non-metropolitan area in 20027
: (c) (5%) Describe (you don’t have to compute) how to find the steady-state populations?

3. (15%) Show thatthe set {(1,0,-1), (1,1}, (1, 2,4)} isa basis for R®

4, (10%) Matrices A and B are said to be orthogonally similar if there exists an orthogonal matrix

! C such that B = C™AC. Show that if A is symmetric and A and B are orthogonally similar,
| then B is also symmetric.

f By 73 02 -39

i 5. (15%) Find a basis of eigenvectors and diagonalize the matrix |-11.5 1.0 5.5
P 177 18 -93

&

(20%) Show the characteristics of eigenvalues for the following special matrices.
{a) (10%) The eigenvalues of a Hermitian matrix are real.
(b) (5%) The eigenvalues of a skew-Hermitian matrix are pure imaginary or zero.
(c) (5%) The eigenvalues of a unitary matrix have absolute value 1.

e e
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1. [Normai distribution] [20 %] ‘
A large samples of physical parameters x; (1= 1to N) may produce a normal distribution N(X , 5),
where ¥ is the mean and s is the standard deviation 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 # and sample mean by ¥ , express ‘mathematically the variance of
the population oAand a small sample set s°, respectively.

(3) How to normalize (standardize) the quantity x; in order to caleulate the accumulated probability using
a N-distribution table?

(4) Give a general equation for the probability density function p(x) of a normal distribution M X , 5).
(5) Upon using the z-score to standardize each sample value, the standardized normal distribution N, 1)

has zero mean about o= 0. What is the accumulated probability within the range of
—2o<z £4+20 and ~30 <z <430, respectively?

2. [Definition of ANOVAY [5 4]
What are the complete words for the abbreviated ANOVA?

3. [ Definition of statistical tests] 115 %-1

Give the mathematical equation and the main purpose of its applications for each of the following three
major statistical tests, namely (1) s-test, (2) F-test and (3)’—test.

4. [Covariance and correlation coefficient] {10 4-] C ' ' s
From two data sets x; and i, i= 1 toN ¢

(1) Define the covariance Cxy in words and express it in a mathematicat form.

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

5, [Classification of deterministic data] [10 %]

Deterministic data are scientific data of a physical parameter (such as wind velocity, temperature etc)asa
function of time. ‘

(1) Give a broad classification of deterministic data.

(2) What is the main purpose of applying Fourier Transform on a time series data?

¥ =gy R NEE [40 4]

6. [Interval of estimation) [10 4]
Suppose we have six random samples of the weights for new-born baby taken in a private hospital, these
being 3.2, 2.9, 3.4, 4.0, 3.4 and 3.8 kilograms, respectively.
/ (1) Calculate a 95% confidence interval for the estimation of the mean weight of new-born baby.
: (2) Given the standard deviation of new-bormn baby weight as 0.4, find the mean weight for a 90%
confidence interval. [Use r-distribution}
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7. [ Test of hypothesis and z’-distribution] {10 5-]
A factory claims that one of its products would last 3 years. Random samples taken from 10 consumers
indicate this product had lasted [3.5, 3.1, 3.4, 3.7, 3.2, 3.8, 2.9, 3.2, 3.1, 3.2] years, respectively. Given
the standard deviation of the years of usage is 0.2, and for a 95% confidence interval, test whether the
claim given by this factory is true? [ Set up hypothesis Hy and H; and Use #—table]

8. [Regression analysis and curve fitting} {20 4-}

Ciiven a field data set of wind velocity versus height above a reference ground level as:

Height above ground x (m): 0 5 10 15 20 25 30
Wind velocity y (m/sec): 00 22 35 4.1 4.6 50 5.1

(1) Derive mathematical expression for coefficients &, and &, in the linear equation
¥i = by xj + by, where ; is the estimated value for each x;.
(2) Calculate the values of &, and b, using the wind data given above.

TABLE Critical Values of ¢ for v Degrees of Freedom and Selected Levels
of Significance

Significance Level,
Number of Degrees it evol, « (%)

1 of Freedom, v 10 5 2.5 1 0.5 0.1

] 1 3.078 6314 12.706 31.821 83.657 318.310
! 2 1.886 2920 4.303 6,965 9.925 22327
'I 3 1.638 2.353 3.182 4.541 5.841 10.215
4 1.533 2.132 2776 3.747 4.604 -7.373
ki 5 1476 2015 2.571 3365  4.032 5,893
6 1.440 1.943 2.447 3.143 3.707 5.208
. 7 14158 1.895 2.365 2.998 3.499 4.785
J 8 1.397 1.860 2:306 2.896 3.355 4.501
) 8 1.383 1.833, 2.262 2821 3250 4.297
/ 10 1.372 1.812 2.228 2.764 3.169 4.144

TABLE Critical Vatugs of 2 for v Degroes of Freedom and Setected Levels of

Significance

Significance Level, o (%)
Number of Degrees

i of Freedom, v 20 10 5 2.5 1
2- 1 1.84 271 284 5.02 6.63
2 3.22 461 5.99 7.38 9.21
3 464 6.25 78 - 935 11.34
4 5.99 7.78 9.49 11.14 13.28
6 7.29 9.24 11.07 12.83 15.09
6 8.56 10.64 12.59 14.45 16.81
7 9.80 12.02 14.07 16.01 18.48
8 11.03 13.36 15.51 17.53 20.09
B 12.94 14.68 16.92 19.02 21.67
10 13.44 15.99 18.31 20.48 23.21
11 14.63 17.28 19.68 21.92 24.72
12 15,81 1855 21.03 23.34 26:22
13 16.98 19.81 2236 24.74 27.69
14 1815 21.06 23.68 26.12 29.14

15 18.31 22,31 25.00 27.49 30.58
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1.(20%) Find the first derivative for the following given functions with respect to x:
4+2x

@ f()=-
N

. ) f@=rte; (O f()=5mx’+1 ; (@ xIny-yinx=8.

2

2.(10%) Given (@) ¥ +y* =3, find 2: and ‘;xf;
62
e® + xIny?, find ———a.nd

(b) z=y ¥, Fret
3.(5%) Find the limits for:

x -3 J_ -1

(@ llm =
X3y TG

4,(5%) A circular cylindrical container is 20 ¢cm high with 6 cm in inner diameter. Initially, the container
is filled of water to its full height and is placed vertically. If a small hole is punctured at the bottom of the
container and allows water to discharge by gravity. Estimate the rate of decrease in water surface level
for the initial rate of discharge at 12 cm® per second.

5.(10%) Find the relative extrema for function f(x)=2x —3x?", using first and second order
derivatives to assist the classification of either a maximum or minimum,

6. (40%) Find the mtegral for each of the glven functions: B . T R

@ I e
t+1

®

(© [lsinx-In(2+cosx)]dx

@ r3xx+4dx

7. (10%) Questions in power series:

2 e .
() Test whether the seties E Y is in convergence or divergence.
+2i
=0

(b) Find the Fourier series for fx) = x within the range of 0 <x <27.






