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1. (20%) KA TR FHMLF K.
(a) (10%) x*y +x’y=2y™°

(1) (10%) ¥ +3 -2y =—6sin2x-18cos2x, (0)=2,y (0)=2

-1 _
2.(10%) #1 7 RAET F) 8 F k4% e % 3 4% (Laplace) 8 i 4446 L Liz (j—i)}

3.(10%) DA TF A MErkay A,

5 0 -15
(a) (2%) HLE® A |-3 -4 9 |@fk(rank).
5 0 -15

(b) (6%) FH bsEME A #4548 (cigenvalues) S24540 & & (eigenvectors).
() (2%) HREEHER A # £1695 (diagonalize the matrix A)? FLEHAR A EE & 2

4.(10%) s EFRYF=zi-xzj+yk ALKt &Burface)S £ §:x2+9y% +42% =36
»x20,20,220 > 3t B 338 24 5 (flux integral) [[F-ndd
s
ajw|

5. (5%) €4 ——-— # Fourier Transform % - | % € , &% -, Re(a) <0 & Fourier
a’+x 2 a (a2+x2)

Transform.

6. (15%) # i PDE
(2) (10%) 4 & PDE
TRIMABRANBRET EEL o) ERREEGLIS ) FHRELRH IR
B AR y AT o
(b) (5%) U LFEEME/ /S B vy —Byz?

7. (20%) Fourier Series #1 Parseval Relation
(@) (10%) B f=x-7<x<m fix+21)= fix) » £ f & Fourier Series °

(6) (10%) Réaded 3

m=]

8.(10%) A ERHS U T XKREMI{ Tds » R ¥ CARERSE ey LaE -

4
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2 L=100 cm, w=10N » $# P 236 #F 5 2 & » T #w L4620 cm - (;yZ)
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3. Please draw the shear force and bending moment diagram and also the

corresponding deflected shape of the beam shown in Fig. P3.  (25%)
15 kN

Fig. P3

4. The gears attached to the fixed-end steel shaft are subjected to the torques shown
in Fig. P4. If the shear modulus of elasticity is 80 GPa and the shaft has a diameter
of 14 mm, please determine the displacement of the tooth P on gear A. The shaft

turns freely within the bearing at B, (25%)
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>0/ 1. Explain the technical terms.
{1) No-slip condition, (2) vapor pressure (3) pressure center
(4) gage pressure  (5) mass flowrate (6) ideal gas law
(7) inviscid flow (8) Darcy-Weisbach equation (9) Drag force
(10) Reynolds number

J —(,% 2. A tank has the shape as Fig. 1. Determine the resultant force on the
curved gate AB.

|
¥
A 6m
Igm width=2m
B A
e P

Fig. 1

14

Ve 3. }‘X cylindrical buoy has a diameter of 0.8 m and 1.2 m long, weighs 3 kN,
’ and is anchored to the sea floor with a cable shown in Fig. 2.Although
most of time it floats on the water swface, at certain time the water

depth may increase such that it is completely submerged into water. For

this condition what is the tension of the cable, and determine the

minimum weight of the concrete block is needed to secure (B&ZE) the

buoy not to be washed away.
=

0.8m

Concrete block, SG=2.4
Water, SG=1.0

Fig. 2




BIIALF UNTF J OFPFRARTIE £ AR

FE  RBHAL[sramtiTags) A2 F BF

/ j % 4. What is the Bernoulli equation and write its assumptions and equation.
Use a simple example 1o illustrate how it works.

1€% 5. Aflow passing around a cylinder, its stream function can be expressed
as

2
y =Ur(l-<)sing
F

where U is the velocity of the uniform flow, @ is the radius of the

cylinder, 7 and @ are polar coordinates. Determine the
corresponding potential function ¢ and the velocity around the cylinder.

by % 6. Water flows from an open channel and is diverted by an inclined plate
as illustrated in Fig.3. When the velocity at section (1) is 3 m/s, what
horizontal and vertical forces are required to hold the plate in position?
At section (1) the pressure distribution is hydrostatic, and the fluid acts
as a free jet at section (2). Neglect fricticn.

20

section(1)
=3
3m/;
s I1.2m

iy
FTT7irT7 |
width=Im section(2)

R 0.3m
Fig. 3
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1. B ERPERIAGEARPRENIREE2IRERENEYYELE
BYRE © (20%)

2. [lEREEEH ¢ S RNIEEREICRE L ? @SS
REE P (20%)

3. MR BT ZENERE RS EEFSBENTRKERERHL
FEERRIREE - BFRK - KK - BENRSRBEANES 'K
MERERXERTBRENE  MREREBKIERE » RBR
BABNBRESREMME LISk (SRESE T HIbEYE
BEVERRE - S LK ERLENRRRSEXK AR BE2M
BEA ¢ ARH—WEEREAINLDITRIZZ - (20%)

4. TFRGBAEEYRE » BEELTALIR (fossil fuels)BIEF S AL
JR(nonrenewal energy JREMBOY—X MBI ST ETEHREB4S
iR WEEAGII - BIEERESHEHUIMSRNERELR - 558
REEERE * FRTE BISETNBREEREZEML (20%)

5. BRIEEBRM T KRBT RBARSAISIE + ZILE1E RCA #k
B > £mREIAIESEHP et ZIER - BEENES R ERERE
ASRIDREBEU - BERDEMERBUSSREVER » HEsme - 1)
KHEE RV R REER T - (20%)




liLtF'LL: 9 5%‘? 'Eéfi)ia‘”i%ﬂiuiﬁ%

B AABEDRRARAE hrpitpra] AL WE) X

L RRZEHTFRARS T RA S LY AH LA R 45 (utual istic) B4 e £
o G A BHRE B L k4T 2 (10%)

2. TR FE MG R(activated sludge) ? B350+ CEMEMAE NI ? SUWBABLLE
B ASE A S BT ?(10%)

3. AT 55(C) ~ AW ~ £.00) ~ LD ~ HP)REH(S) ¥ A F v B 155 (matter
cycling): & WRabih 4 4y d ik £ i 2 RE2AMPBENR BT 2 REH 2 mey RER - (10%)

4 Wt TBT A5H 168 R K E B 4 X (3) EL RS X ET TRV EETE P
(3%) #HFHABHELT? (4%)

S. Hl T I F REAMEHAT ReyER(activity) pEMEzAa it (2 kKpHAS 8)o
0250, + H'+ ¢ = 0.5H0 pE®=20 (10%)

6. 2# LE(CHOH) 100mg/] = 4% - F32 % % 8% (Theoretical Oxygen Demand or

RS, TN i T e na e et e e

Theoretmal COD) {ﬁ»‘%yﬂ" ﬂﬂb4bA%TM{ﬁ@-‘5J$)§3—“§’Z—ﬁii% MR AR
(k=0. 2/day) 742z BOD; (10%)

7. 3RA — 18144 49 octanol/water partition coefficient Kow)#) & £ » E33hI18 89 T8
TACMERET BB ERSEISE - (10%)

8. FTREBHERAE 7 (3%) 1Bt — TRE B E & B4 pl=2 ERERE) B
R % v 2 pH=6.5-7.5 » 8135 B & JLIB4F b 1y FERMEBA? (%) BioigissF 7 b
SARATRETE R A2 Ty

9. 4738 pze (point of zero charge or zero of point charge) ? ### pzc % 9 IR
ARKRBIPETRAT 24 TkE?  (10%)

10. 1738 & 2 % ¥t i (chromatography)? (4%) #|m@ EE S EZIWHRERTE? 534
BB R 5 BT 7 | (6%)
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7.

[ Genereal] [5 4}
What are the FIVE main topics in Statistics. (3| B &4 B AN E)

[Regression analysis] [ 10 4~}

Mean value ¥ and regressed values X, can be calculated ftom a set of statistical data x; (i =1 to N).
a) What is the basic principle behind a regression analysis?

b) What is the goodness-of-fit R* and express it in terms of x;, ¥ and %, .

[ Covariance and correlation coefficient) [10 4]

From two sets of observation datax;and y;, i=110 N :

a) Define the covariance Cyy in words and express it in a mathematical form.

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

[ Terminology] [10 43
Stevens (1951) proposed four scales of measurements (] 8 R A& ) for statistics analysis. (a) What are

the names of these scales? (b) Give a short definition ard one example for each of the four scales
stated in part (a).

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

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

b) Define the skewness ({& &) and kurtosis (% ) mathematically using x;, ¥ , s and M.

[ Normal distribution] [10 4]

a) Give a general equation of the probability density function p(x) for the normal distribution
N(X,s)

b) Upen using the z-score to standardize each sample value, 1.e,, z, =(x, —Xx)/ 0o, the
standardized normal distribution N(0, 1) has zerc 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 probability within therange —20 <z, £4+2¢ and —o =<z, <+0?
[ Statisticai tests] [15 %]

Give the mathematical equation for each of the three major statistical tests, namely the () r-test,
(b) F-test, and (c) y’—test, and the main purpose of their applications.
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8. [Linear Regression] [20 4 10,5, 5]

a) Given a data set of 5 pairs of (x, /) values, in whichx ={-2, 0, 1, 3, 4] andy=10,1,3,6,5];
find the value for constants 4; and by in the equaticn y = byx + by that would best-fit the data,

[Graph (x, y) values and the line that best-fit the data to help make sure your answer is correct.]
b) Compute the standard deviation for x and y.

¢) Compute the covariance between x and y, Cyy,

9. [ Test of hypothesis and r-distribution] {10 4]

An environmental scientist wishes to test the hypothesis that a set of 10 beach sediment samples,
- x;=[0.19, 0.23, 0,19, 0.23, 0.27, 0.24, 0.18, 0.22, 0.25, 0.21] come from a parent population having
a mean median diameter of (.205 mm and standard deviation of 0.03. Assuming the samples were

randomly collected from a normal population, and upcn calculating the -statistic, he wishes to test
the null hypothesis
Hy: ¥ < 0.205 mm

against Hy: ¥ > 0205mm
for a significance level & of 0.05 (i.e., it is true only one time in twenty).
a) STATE clearly what is the possible outcome of the test, given the critical ¢ value equals to 1.833

_for degree of freedom 9 and level of significance ¢:= 0.05.

b) What is the interval of estimation ({23 &R} ) for the sample mean ?

[Hint: BRE 2K (a) rstatistic is given by 1= ij—ﬁ;(b) X% ta(N—l)wJ‘—;—v_—]
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1. (20%j Find the derivative for the following given fumctions with respect to x or dor i:

-Anx
@ fO=25 ®) fO)=1z @ J0=Y D @ f=n A

1-siné x!

. N a’y 8z 8z
2.(10%) Given(a) x> +y*=25,find —; = ye®* + x1Iny?, find — and .
(10%) (@) x"+y e (b) z=yp ny e axy

3.(5%) Find the limits for:

3.._ —_—
@ Hm—": ® lim>——.

= X ]- x=0 X

4.(5%) If the bacteria growth in a culture can be expressed as a function in time #, such as

Py = 10(}0[1 + 5041 3 J, where the initial number of bacteria was 1000 and ¢ is for the time in hours.
+1

Find the rate of population growth for the bacteria when 1 = 2 howss.

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

6. (40%) Find the integral for each of the following functions:

dx
(a) (15%) -[W .
() (10%)  [[sinx-In(2+ cosx)}dx .

©5%) [Vi6x:2x*-23 dx.

7. (10%) About Series

{a) (5%) Test the series Z S;k for convergence or divergence.
k=1
@ 2k xk
(b) (5%) Find the interval of convergence for the power series ) P’
k=1
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. FERMEN LR RE R TN E R RS RER R
Bk o MERR{ERTEREA - (20%)

2. HRTEMEERMI_KEF MS Windows B Linux 5%
TRLE A E AR & R AERES SRR A HE B R R
B CRIERR: - (20%)

‘ 3. FLL# FORTRAN77 E2 FORTRANOO Fy32 52 » BR{5ZR R »

| ST HLE R _ERURETE © (20%) |

t 4. fEREAAE (40%) : (% - TRERE  FER )

(1) Supercomputing
(2) PC Cluster

(3) Cache Memory
(4) Binary Tree

(5) ASCII

(6) HTTP
(7) GIS
(8) GPS
(9) Data mining

(10) High level language
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1. AERSETEC ALRP BT SRRSMERR
REEEMTENAEERBERET (15%)

(=[]

2. ‘%ﬁ:ﬁ“ﬁ: EﬁJEﬁ]ﬁ#ﬁi“ﬁﬁk&{TE‘Jéﬁ (20%)

W
DIIII

SRS R NERRNES MR RIS TR
it o (15%)

4. NEFZTENEICONEERATRE ertfical
selection)RERE T2 (genetic engineering )2 fif » HUAE
IEMmIERiinE Rt o IERMARKTR %ﬁi‘%ﬁ%ﬁ%&/\
iESZBHTi%fEﬁEE’J BEEHEEIL: ? (20%)

5. §Eﬁﬁﬁﬁﬁt&?ﬂ<&iﬁ%ﬁ§%‘e@%§i§ﬂﬂ%ﬂt - FEEER
15 RCA HiERE » ERNAIESRmTTERIEM - M8 .
EFESRBERREASRSREARI - MRFER
ERIDSRER - HR28 » DR EERIAREH
SRREEHI » (15%)

6. SERIER » HEEEEEGRIKERKAL » BANRKEY
=& - HREEAT ? BUNRKEREM X QRMBEH
% 2 IRRAZS RN ST I LUBRL 98 ? NREEHE
ERSRAREVIEED o IREE  (REERE ? (15%)
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(2) Let A be a square matrix. Will(A")” = (AT)"? Explain your answer. (5%)

(b) Let A be a square matrix. Will the determinant|A"ArAl =|A|? Bxplain your answer. {5%)

. (15%)
1 2 -3
(a) Determine the inverse of the matrix A{1 -2 1 , if it exists, using the method of
5 -2 -3

Gauss-Jordan elimination. {10%)

(b) If the matrix A in (a) is the coefficient matrix of a homa geneous linear system, how many
solution(s) can you expect? (5%)

. {15%)

(2) Show the set of vectors {(13,-4), (3,-14), (10,-2)} is lincarly independent or dependent, (10%)

(b) Can the set of vectors in {a) form a basis of a vecter space? Explain your answer. (5%)

. (30%)

(a) Pleass list two real world applications of eigenvalues and eigenvectors. (5%)

15 7 -7
(b) Find the eigenvalues and the corresponding cigenvectors of the matrix A [-1 1 1 [.(10%)
' 13 7 -5

(c) Compute A* by diagonalizing the matrix. (15%)

. (15%)

(a) The following matrix defines a communication network, Plot the network (digraph) using the
vertices and oriented arcs. (5%)

Pl P2 P3 P4 P5
PLIO 1 1 0 0

P21 01 00
P30 0010
P40 0 0 0 1
P51 ¢ 0 0 O

(b) Find the shortest paths for sending a message from P2 to P5 and P3 to P2. (10%)
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6. (15%)

() The following figure represents the traffic entering and leaving a “roundabout” road Junction.
Construct a mathematical model that describes the flow of traffic along various branches. (7%)

(b) What is the minimum flow theoretically possible along the branch BC? Is this flow ever likely
to be realized in practice? (8%)






