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1. Please find the moments of inertia for Iy and I, for the block in Fig.1. (10%)

2. For a system in equilibrium shown in Fig.2, where the beam is horizontal,

Bfm

5 P

determine the force F and the reactions at A. (20%)

L B j’;“’“J

3. For a system shown in Fig.3, please determine the reactions on Member ABC.

(20%)
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4. Please answer the following terms: (1 5%)
(D Prismatic bar
(2) Pure torsion
(3) Simply support beam
(4) Perfect plastic material
(5) Saint Vénnant principle

5'.. Please draw the shear force and bending moment diagrams of the beam shown in

Fig. P2. (20%)

4. A steel bar is fractured as shown in Figure 3. Please explain the failure
mechanism of the bar. (please give your theoretical reason of the cause of the failure).

(15%)

5kN
B kN/m

o

Fig. 3
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7/041. A 60-cm-wide belt moves as shown in Figure. Calculate the horsepower

requirement agsuming a linear velocity profile in the 10°C water.
X10”

(1 =1.308N-s/m?; 1 hp=746w)

4m l

A
i

o) |
|

. Calculate the force F necessary to hold the 4-m-wide gate in the position shown

D —

in Figure. Neglect the weight of the gate .

£ 70
—3. The pressure distribution over the base of a concrete (S=2.4) dam varies linearly,

as shown in Figure producing an uplift force. Will the dam topple over?
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The velocity field givenby V =2xi-yr jm/s, where xandy are in meters and t
is in seconds. Find the equation of the streamline passing through (2,-1) and a
unit vector normal to the streamline at (2,-1) att=4s

The velocity potential a flow is

¢ =10x—5In(x* + y*)
(a) Show that this satisfies V¢ =0
(b) Find the stream function w(x,y).

. Water is pumped from a large lake into an irrigation canal of rectangular cross

section 3 m wide, producing the flow situation shown in Figure. Calculate the
required pump power assuming ideal flow. (The velocity behind the dam is
negligible.)

Lake
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1.

4,

5.

[ Ordinary Differential Equations) 30%

(a) Solve the IVP cos(x — y)y’ —sin(x — y) —cos(x — ) =0, y(0) =7x/6 (10%)
(b) Solve x*y"+5xy'—12y=In(x) (10%)

0 if0<r<4

iz Y O=LYO=0 (10%)

(c) Solve the IVP by Laplace transform y"—2y"'—3y= {

[ Linear Algebra] 10%
3i 0 0

MatrixA={-1 0 i|.
0 -i 0

(a) Determine whether the matrix A is hermitian, skew-hermitian, unitary, or none of these. (2%)
(b) Find the eigenvalues and an associated eigenvector for each eigenvalue. (4%)

(c) Determine if the matrix A is diagonalizable? If it can be diagonalizable, generate a matrix that
diagonalizes it. (4%)

[ Vector Calculus) 10%
Find the flux of F=xzi~yk across the part of the sphere x> + y* +z°> =4 lying above the

plane z=1.

[ Partial differential equation] 10%
Partial differential equations are classified as elliptic, parabolic or hyperbolic. Please give one
example in (a) name and (b) mathematical form for each type of the equations mentioned

above.

[ Partial differential equation] 20%

2
Find ALL 3 possible solutions for the PDE 0 ua(ﬁ’ Y) = augyx,y ) by the method of separation
e

'of variables.

[Suggestion: You may leave the solutions including the separation constants, because the
boundary conditions for u(x,y) are not given for this specific question.]
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6. [Fourier analysis] 20%
Find the Fourier series solution for a periodic function given by:

0,] —-m<t<0,
fm:{t,} 0<t<, _ ft)

with period 2, as shown in figure

yd

on the right-hand-side . /[ §
Please show your answer in: % 0

(a) series approximation, and (10%)
(b) expand the series to the third term of #=3. (10%)
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— -~ BEBEH  (40% , BE4 D)
biogeochemical cycles
coevolution

ecotone

carrying capacity
fertility rate
biodiversity
sustainability
hazardous wastes
hypoxic zone
photochemical smog

o PPN M 0N~

e

- BEEE  (60%) . ‘ '
1. Why both poverty (25%) and affluence (E4) have harmful environmental effects? (12%)

2. What is natural capital? How do we protect natural capital? (12%)

3. What are the causes of global warming? How can we do to solve this environmental
problem?(12%)

4. Please, describe the differences among conservation, preservation, and restoratipn for
ecosystems. (12%)

5. Please, compare environmental technology (engineering), cleaner technology, and
ecotechnology (ecological engineering) used to solve environmental problems. (12%)
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1. #7354 B8 K, % &,(Gram Stain)?4 B I % é.éﬁ},?\ ﬁi%ﬁ ?RE
AR B S RS - (10%)

2. R A %Eﬁ%}?ﬁ‘ﬂiféf?. By FE R ARk ? H AT E) R
b7 RARZ o (10%)

3. @ik B B (Thiobacillus) F » 75 B Thiobacillus thiooxidant ~
Thiobacillus ferroxidant R Thiobacillus deniz‘riﬁeant .
o RARHMER 238 o & BRI é%""»ii%(f?‘]#ﬂ’f?ﬁ%%%
B ) ? R B R EERE ﬁ%‘%ﬂ‘%—%ﬁ’? Fi &9 i’ib)i}@ |
X ° (10%)

4%%B@)ﬁC@)&%ﬁlﬂi%ﬁﬁﬁé?iﬁﬁﬁﬁ
EEM - (8%)

5. . Winkler Method % &% » #63% 0.025N S,05™ &AL &
e 150 ml Kk 0 SRAIHT dnl FEHELE  HE
oA R A ng/] AR (8%)

6. HAET 7] ')E’. 4& & (functional group)3!| & : alcohols, acid, ethers,
aromatics (8%)

7. %% 1 — 45K & M Langmuir adsorption isotherm (GEE & x #y
#) » 33k isotherm AT EAH Z AR AR 2 TR R

(8%)
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8. Given aredox reaction: _
I, +‘282032- = 84062- +2T

The standard free energy of formation A G°: Kcal/mole:

Iz = 4 0 ; 82032- = _130 ; 84062- — “250 I =
-12

Please calculate E° for the above redox reaction.

(8%)

9. KA BT R MAEKER T X M (degradation) ) /1 2 B — R R JE
(ﬁrsf order reaction) * £—REINRIBE —KIEEF 50 R4 -
BRAFRMRERTRRSG 40% #7XFREHERS D

REAFRMBE TR TERERE 20%- (6%)

10. 4735 3 8 5 A 7 2 # 4 7 (Cation Exchange Capacity, CEC)?
i H AT EMRR? FATEEM? (6%)

11. RiE% 4 0.00IN 4 NaOH - A pH{&? 4 0.005N & H,SO,
HE ol &7 (6%) |

12. TR FHEAE 7 FRALATER L REMBTHARTEARE -
(6%)

13. 473§ disinfection by-products (DBPs)? * &4-Ff#E/E4%7 &

& DBPs o4 422 (6%)
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MNRERMEET BLERE ? ENELBENEFRRER AW ? AfHE
ELREEE , BNAHER? (25%)

[N
]]]]

2. FLABEEENSLE—ESIEERAEMRNEBE , MAERRXES
HERRBNEYYESL —, MAXTEERARRE , TEAEEEER
RAEGRLHEE FEEREARERAEREERNEE, NAFER?
( 25% )

3. BNASHKERLAEENEEAEREZEESR , SETEANEER. &
PR LEHME U AHBREACHREIBERRATIE? REFS
EAZEEWMERNRERE, URZNAETRERRENIR (25% )

4. BEBBENBABRNEAE-LIBRMERR , E8ETRERWND , &
MRETREREMN BREERN, URERIRERN , ERERENER L,
BEAZEME?HRZ. (25%)
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1. HRB|TFTHEFZFHENE » 39 cloud computing Z B - (25 o)
Cloud computing is Internet ("cloud") based development and use of computer
technology ("computing”). It is a style of computing in which dynamically
scalable and often virtualised resources are provided as a service over the
Internet. Users need not have knowledge of, expertise in, or control over the
technology infrastructure "in the cloud” that supports them.

The concept incorporates infrastructure as a service (laaS), platform as a
service (PaaS) and software as a service (SaaS) as well as Web 2.0 and other
recent (ca. 2007-2009) technology trends which have the common theme of
reliance on the Internet for satisfying the computing needs of the users.
Examples of SaaS vendors include Salesforce.com and Google Apps which
provide common business applications online that are accessed from a web
browser, while the software and data are stored on the servers.

Cloud architecture, the systems architecture of the software systems involved
in the delivery of cloud computing, comprises hardware and software designed
by a cloud architect who typically works for a cloud integrator. It typically
involves multiple cloud components communicating with each other over
application programming interfaces, usually web services. This closely
resembles the Unix philosophy of having multiple programs doing one thing
well and working together over universal interfaces. Complexity is controlled
and the resulting systems are more manageable than their monolithic
counterparts. Cloud architecture extends to the client, where web browsers
and/or software applications access cloud applications. Cloud storage
architecture is loosely coupled, where metadata operations are centralized
enabling the data nodes to scale into the hundreds, each independently
delivering data to applications or users.

As customers generally do not own the infrastructure, they merely access or
rent, they can avoid capital expenditure and consume resources as a service,
paying instead for what they use. Many cloud-computing offerings have
adopted the utility computing model, which is analogous to how traditional
utilities like electricity are consumed, while others are billed on a subscription
basis. Sharing "perishable and intangible" computing power among mulitiple
tenants can improve utilization rates, as servers are not left idle, which can
reduce costs significantly while increasing the speed of application
development. A side effect of this approach is that "computer capacity rises
dramatically" as customers do not have to engineer for peak loads. Adoption
has been enabled by "increased high-speed bandwidth” which makes it
possible to receive the same response times from centralized infrastructure at
other sites.

2. SRATHEEMENE B3 grid computing B EBAEEES (25 %)

Grid computing (or the use of a computational grid) is the application of
several computers to a single problem at the same time — usually to a
scientific or technical problem that requires a great number of computer
processing cycles or access to large amounts of data. According to John

om
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Patrick, formerly IBM's vice president for Internet strategies, “the next
big thing will be grid computing.”

Grid computing depends on software to divide and apportion pieces of a
program among several computers, sometimes up to many thousands.
Grid computing can also be thought of as distributed and large-scale
cluster computing, as well as a form of network-distributed parallel
processing. It can be small -- confined to a network of computer
workstations within a corporation, for example -- or it can be a large,
public collaboration across many companies or networks.

It is a form of distributed computing whereby a "super and virtual
computer" is composed of a cluster of networked, loosely coupled
computers, acting in concert to perform very large tasks. This
technology has been applied to computationally intensive scientific,
mathematical, and academic problems through volunteer computing,
and it is used in commercial enterprises for such diverse applications as
drug discovery, economic forecasting, seismic analysis, and back-office
data processing in support of e-commerce and Web services.

What distinguishes grid computing from conventional cluster computing
systems is that grids tend to be more loosely coupled, heterogeneous,
and geographically dispersed. Also, while a computing grid may be
dedicated to a specialized application, it is often constructed with the aid
of general-purpose grid software libraries and middleware.

Grids can be categorized with a three stage model of departmental grids,
enterprise grids and global grids. These correspond to a firm initially
utilising resources within a single group i.e. an engineering department
connecting desktop machines, clusters and equipment. This progresses
to enterprise grids where nontechnical staff's computing resources can
be used for cycle-stealing and storage. A global grid is a connection of
enterprise and departmental grids that can be used in a commercial or

collaborative manner.

3. &R ¥4 amazon.com E T8 REFRER G RBRF S &R ldwl”
Frequently Bought Together” - "Customers Who Bought This Item Also
Bought” ~ ” Books on Related Topics” - "Customers Viewing This Page
May Be Interested in These Sponsored Links” ~ "What Do Customers
Ultimately Buy After Viewing This ltem?”% » R\ A B TR A
AEREREXR? (20 %)

4. £ EHE ¢ %A% metadata ¢ 3 F473§ metadata 244k A A7 (10 %)

5. 332,89 bubble sort 4% (5 %) ? 3 24 Fortran - Basic £ C BXET8HF —
Z2ARBITZ - (15 %)
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1. (15%) Given A and B are square matrices of the same size:
(2) (10%) Prove that in general (A +B) = A”+2AB+B2.

(b) (56%) Under what condition does equality hold?

2

(20%) About skew-symmetric matrix.

(a) (5%) Give an example of a skew-symmetric matrix.

(b) (5§%) Prove that a skew-symmetric matrix is a square matrix having diagonal elements zero.

(c) (§%) Prove that the sum of two skew-symmetric matrices of the same size is also a
skew-symmetric matrix.

(d) (5%) Prove that the scalar multiple of a skew-symmetric matrix is also skew-symmetric.

3. (15%) Provethat T:R*® - R*® defined by T(x,y,z)=(0,y,0) is a linear transformation. This -

transformation is also called a projection. Why is this term appropriate?

10011 1[{0 O 3

linear combination of the matrices that follow. If your answer is yes, show the linear combination.

4 1|1 13 1|[-1 -1
4, (15%) Given 4 matrices [7 ], I: }, [ }, [ 5 :|, determine whether the first matrix is a

5. (15%) Consider the vector v = [3 2 1] in R?.Let /¥ be the subspace of R* consisting of all
vector of form [a & a+b)]. Decompose v into the sum of a vector that lies in ¥ and a vector

orthogonal to #.

6. (20%) Two car rental companies, A and B, are competing for customers at certain airports. A study
has been made of customer satisfaction with these two companies. The results are expressed by the
following matrix R. The first column of R implies that 75% of those currently using rental

are dissatisfied and plan to use B next time. There is a similar interpretation to the second column
of R. You mdy modify the matrix R to obtain a transition matrix P for a Markov process that
describes the car rental patterns. If the current trends continue, how will the rental distribution
eventually settle? (Express the distribution in percentage that use companies A and B)
(from)
A B (to)
75% 20% | A
B [25% 80%} B

company A are satisfied and intend to use A next time, while 25% of those using rental company A
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— ¥ HEAX/MERAE  [604]

(10%) [z st e )
(a) HUEAF AT BRGQIT R PUIBRBRBBRE N ERTEE -
(b) #FHRNAMRRAR T PRILBE W ZAEARE] ©

(10%) [z sk ]

FEI R AL NAR AU REEEEARNEERANG60 2% FRITRE -4 E
—BEPERBRSOBRR > RBERRTFHETASS A0 - BEBESLIOLR -

(a) HE B (H)  #a@mx () REMTHEST R (BE - 2ERER) BITHRE?
(b) FRAB LTSI T A EHE BB ZEHIBATTURBBEHER?

(10%) [P ezt BEM] o :
HEEB RO RAS U TRR RSN - 2BEE— “BE KB aE % 4&#§$zk'1~&#§%i@
BEoz LR ki BE—BETHBRESH I UEHHATHEZEEEN - #H
() AR NZFRME N=? 48 ' "

(b) ABAR  BATFHELEHBEMBLELTRAEHMT?

(c) IR BATFHHZEBEMHLEETA B

(20%) [ ¥ E451%]

MM (i=1t0N) ERFEARBENE > #%4“@%&%1#%&"3’%%?@%??&%%

Nx,0): X AHRAPHE  c”ABRIRERE - FHERATREETFIFA

(2) & BARTHELRDWFLT mean ~ median /R mode BJFBMLE |

(b) Axi~ X o B N %% skewness (15 #8) & kurtosis (& 4E) ;

(c) #% % & & (probability density function ) p(x)#y# £ = ; |

(d) &8z =(x, -%)/c BBIKGHEERSHE NO, DL HHE-0<z <+0
~20<z,<+20 R -30<z<+3c2=ZAEH ?\ﬁﬁ%$4}i§:§7 %2

(10%) [ 4 2 #t % 48 bt 8t ]

EHRERAE Yy Ry(i=1toN):

() #738 “HBEE” covariance Cr?X £ % X B 4772,

(b) 1738 “MEI1AE correlation coefficient py? X B3t % X B {77

—3ey i EA [40 )

(20%) [ o £EeE8EM Y (BR ~ B> 2003)

i?&ﬂhﬁ“s}i REANTRESEACRATHENFTRE  FATERRE - SEMREER 6
MiTFE  BRABRIAZITERE (F/54):

HIFEE .1 2 3 4 5 6 348

&5 578 605 602 574 559 583 L

f538% 617 603 644 585 562  62.8 %) .

BRITFRER EENH RN AZIBRIHRELS AL R £ (- ) 8% K Eo=95%
ZAEHER] - ,

[ &7 ARERAAITFREd= - BERA+-R—1 AM4k]

(20%) [E# E3im g ] :
XEMELH e BEEREDTHRAE # /\I&a#%édaﬁxﬁim%‘ 10 %> F 40 H 1 A #%’LJ}ZIJ?‘%B 5 '
3.1,3.4,3.7,3.2,3.8,2.9,32,3.1,2.1] :Zﬁi:i?ﬁ"‘fatzéoaﬁim iﬁﬁiz%ﬁiﬁ%a 0.2 >
BREKE0=95% " FHRADHELF2EHBATEE

(37 AEIBERARE ﬁ»x;’a‘dfi%*‘l'ié%){z 7?:4#%1-2 Critical Region #8 kb — 7 RAm%]
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TABLE Critical Values of t for v Degrees of Freedom and Selected Levels
of Significance

Significance Level; o (%)

Number of Degrees :
of Freedom, v 16 8 2.5 1 0.5 g1
3078 6314 12706 31.821 83657 318310
1886  2.920 4303  6.965 9925 22327
1.638 2353 3182  4.541 5.841 10,215
1533 2432 2776 3747 4604 71473

S OO NT ;DN

1,440 1.843 2447 3.143 3.707 © 5,208
1415  1.895 2365 2988 3499 4.785
1.897 1.860 2.308 2.896 3.355 | 4.501
o 1.383 . 1.833, 2.262 2.821 = 3.250 4287
1 1.372 1812 2,228 2764 3169 4.144
TABLE Critical Values of x® for v Degrees of Freedom and. Selected Levels of

ngm{’ icance

Significance Level, o (%)

Nurnber of Degrees

of Freedom, v 20 i} 5 25 1
1 : 1.64 271 3.84 502 6.63
2 3.92 461 5,99 7:38 9.21
3 4.84 6.25 781 9.35 1$.34
4 5.98 7.78 9.49 11.14 13.28
5 7.26 9:24 14.07 12.83 15.09
6 8.56 1064, 12,58 1445 . 1681
7 %:80 1202 14.07 18.01 18:48
8 11.08 13.36 16.61 17.53 20.09
9 12.24 14.68° 16,92 19.02 21.67
10 13.44 1599 18.31 20.48 23.24
11 14.63 17.28 19.68 21982 24.72
12 15.81 1855 < 21.08 2334 2822
i3 16.98 19.81 22836 24,74 27.69
14 18,18 2108 23.68 28,12 29.14

15 19.531 2231 25.00 297.49 30.58

1476 2015 2671 3365 4682  s@ea
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Part 1: Differentiation and limits (60%)

1. (20%) Find the limit for each of the following expressions:

5x° +3x> -8 Vx
D) i 3% =8 b) 13 ;
® limysan, 0 ® limgsy
© lim*" ; @ HmO="+x-% 3

(10%) Find the derivative for each of the given function with respect to x :

@ f()=vx*+Vx’+1; () f(x)=tan(x’ -1);

g

3. (10%) (a) Find the derivative of f.g/(f +g), where f, g are differentiable functions;

(b) Given x*y’ +x*y* +xy=2,find dy/dx by .implicit differentiation.

4. (10%) Letxandy satisfyx? —./xy +y> =6 and assume that y is a function of x in the. .

neighborhood of (2, 2). Determine the value of y'(2).

5. (10%) Verify that y(x,t)= %[(x —ct)? +(x+ct)?] is asolution to the wave equation,

Part 2: Integration (40%)

4 1
6. (10%) Evaluate _{ (\/;‘*‘ x_z)dx

J~ cos 2x

7. (10%) Evaluate dx

sin ® 2x

_— _
8. (10%) Bvaluate | itan "xdx

: d 243
9. (10%) Evaluate ;,;J;xu(l‘*‘u )" du
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