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1. (a) Solve the initial value problem e © o [10%]
- d" dy" afv(O)
- — + 2—+ 2 5 t— 3 , O
(b) Find two ]mearly mdependent solutlons of the equatlon [15%]
‘d 2 y i . -
XLyt 2 O O<x<oo
e e Xy = ' : -
. 2, Given a line y = ax + b, a-# 0, shown below
by .o
=y - - - -
} y=ax +b
’ ‘)M A? (X,Y); - ——
- / - X -
| e T - -
. X.Y) is reflected 5; the lineuy = ax +b from (x, y ). ‘ o
e _(‘) Find the transformation from (x, y)to (X, Y ). ( 3% )

_ (2) Is thi transformation linear ? Please show it. — (5% )
- — ~ 3 Ifit is not; chqose appropnateb make it linear. e

= Then, define i its trans ormatlon matrix, (2%)
NG Emd the elgenvalues of abdve matrix, (4% )
T - (5) Find'the correspondmg exgenvectors for each eigenvalue. .
. .
, (4%) TN S -
N (6T\Show the geometric meaning of these eigenvalues and ..
eigenvectors, (5%.) -
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| 3 A free-bendmg—vrbrahon problem of a beamcan be modeled by.a parual
7 différential equation shown as
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et L I . - I
, - condmons are needed to solve (tiis problem 277 Y 10‘7 ) ket
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1 C e MR beamis c]amped at'one end and free 3t the-othér end, -
please decide its; boundary conditions -'-- I S A ‘;'i';- e
v 1 - b ‘.__Ll an T N
. 1and deséribe d]e1r physrcal meaning. (15%) i '
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A rigid rod slides back and forth on the smooth walls«of a circular - - -
cylindrical surface. -Derive the govenung equatlon for@ and -
.indicate each step. clearly, | .~ et

J(257)

-—A ngld rod is ng:d!y attached to the axle which in turn is attached
toa ypfar spring. The. ‘wheels roll without. sllp as the pendulum
_swings back and forth. Onl)Q_!;g ball-on the end of the pendulum
“has appreciable muss;-and-it may 7 be consndered a particle. The spring -
force is zero,when 6.is zero. Derive the governing equatxon for8. .
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1{40%) 'ﬂle switch iu the circuit showu in Frg 1 has been in position a for a Ioug lune
Att=0 the switch is moved to position b, What is the (a) initial value of v, ? (b) final

vilue of v 7 (¢} time coustant of the circuit when the switch is in position b? (d)
expression for v (t) when t2 07 , . ) ) .

t=0 :
: 4ookn pres-—a 200 _ T ~
R L N S NN ' o
. [

.t pg) . ‘°.'='\
9ovT. b Lo s eda Tu}rv

x
S IR . ', ",

v g L) *
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-

# Figfl 1
2(20%) An RLC Series-connected circuit is shown in Fig.2. The steady-state
expressiott for the source voltage v, is 750c6s(50001+30°). (a) Coustruct the phasor- -
domain equivalent circuit. (b) Calculate the steady-state current i by tlie phasor method.

a
- 90Q - 32mll
A N '\_/-'-'""" b
. i
V.tl) “T5UF
3 - TRt ) e
['ng - e e = T

3.(10%) An op amp having a low-frequency gam of 1000 and a single-pole roilofF at
10000 rad/s is connected in a negative-feedback nelwo:k having a transmission k and a
two-pole rolloff at 10000 radss. Find' the value of 'k above which the “closed- -loop -

- — -

anplifier becomes unstable. . .

»
* - -

4(30%) A two-stage CMOS amplifier resembling that in Fig.3 is found to have a slew
nile of 5V/is and an unit-gain frequency f,=2MHz. (a) If the first-stage bias current
(21} is 50 A;-what valne of'C, must be used? (b) If devices with 1-V threshold are .
used, what gate-io-source bias yoltage is used in the input stage? (c)} For a process for
which g1, Co =201 A/V?, what W/L nﬁiwappl_igs;{or the input-stage devices?
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(2} In metal castmg, what are the functlous of- (1) ralser~ and (11) runner exteusmu'?
To design them, whiat will-you consider? (10%) i N
(b) In powder metallurgy,_(;) what 1_s=the purpose, of impregnation? (i) what is

aomization? (5%) . - T T - '

{©) Cqmpere the advantage and linitation of (i) gas tul-lgsten-arc Welding : and (ii)
stbmerged-arc welding. (10%) . “ )

*

(a) Describe- the procedure you w1ll follo_w to do a stralght tummg operations.

Please write down your answer step by step clearly. (10%)

() Descnbe the standardized code of- grmdmg wheel des1gnat10n and state the
pnnclples to choose a gnndmg wheel - What will"you do before usmg a grinding

wheel? (15%) . : . YL

I (T
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(a) Name at least four problems inhardening, (10%)
(b) How to elnmnate the problems mentioned above? (10%)
e 2 :‘ 19 -,

.
1

'l\.:,.'.- _‘m“l o L RO

Please md1cate two methods for making 'the comcal sheet- metal.part as .-
shown i in Flg'urei What are the: advantages and’ d1sadvantage of the -
two methods? (10%) e ]

- - - -, T
L '.._‘ B BT Lo w, YU ok ,“4.' om0

ComE

Descnbe the fo]lowmg surface hardening processes:
(a) Induction hardening, (4%)

(b) High-frequency resistance hardemng, (3%)

(c) Flame hardenmg (3%)

=, ——_—

Please describe the followmg nontraditional machining processes:
(a) Hydrodynamic. Machining, (HDM) (3%)

(b) Ultrasonic Machining- (USM),-(3%) . ~

Ac)- Electncal Dlscharge Wn'e Cuttmg (EDWC). (4%)

v—- "'\..-.-.\
e,

-
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P I . A
C,= 1.05 I&Jiicgoc T R=s, 314 K¥/kgmol/oK
1. A p1ston—cy1mder machme ‘contains mtrogen mttlally at 2 0 bars 1070C, “and
0,300 m3. The" ptston hoves wjtth negligible friction until the pressure rises to 5.0
bars." The process is described by the equation V=0.40 - 0.050P, where'V is'in m3
and P is in bars. Determme (a) the final temperature, in °C, (b ) the mass
present, in kg, (c) the work done, in N.m, and (d) the heat transfer, in kJ:

()ﬁ/) - S

2. An air compressor handlmg 300 m3/min increases the pressure from 1 0 to 2. 3
bars, and heat i is removed at t.he rate of 1700 kJ/min. The inlet temperature and area
are 170C and 280 c1:r12 respecnvely, and’ these values for the ex1t are 137°C and -
200 ¢cm2. Find- (a) the inlét and exit velocmes in m/s, C b) the requlred power"

mput in kW and (c) the entropy change.- ()— §
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3.Derive an expression of  for a fluid obeying the vapor-pressure equation

lnPsat—A‘_ B/’I‘ R . .
™ P
For the same ﬂu1d show how ® is 1“elated to the sIOpe of the reduced -vapor-pressure curve
plotted ‘with log10Pr and,l/Tr asg coo,rdmates. -, ,
| '_ * ,
B af 7 ) 5 " '
. r\' : ,
.- '“.s;l — s . . .
¢ t \( ‘; ; .
! "«- —;J T [}

» . “"fi ' .:_:’ L
4, Air at a-pressure of 100 p51a and a temperature of 70 OF enters a horizontal steam-jacketed
pipe with-a: velocuy of 100 ftlsec.L Measmements at the exit end of the plpe show that the
[P e -

air is heated to 390 OF and’ that the pressure is 97 psia. What pelcentage of the pressure
drop in‘the'pipe’can be attmbutede fluid friction? Assume that the air behaves as an ideal ,

gas,
SRR n. - ( ?‘f "o - ) +
’ . " " . un,
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1 T gf—rjb—ﬂ%j@ﬂ (pendulums) Zﬁ’fﬁ?‘ﬁﬁﬁ
i YA /|/ fi

. ; 01 F:Q’“ o ) _
EREEs S (bar) Zﬁﬁiﬁﬁﬁ Wk N

(a) gﬁaﬁ@éﬁﬁhﬁﬁﬁ csao

(b) s QR 92 SRR ﬁﬁﬂfﬁﬁ&ﬂ: <1meanzatmn> B
(a) rPﬁf?—%ZEﬁbﬁEﬁmb}Mﬁ (6%) - C .

(E:) Eﬁﬂ:’&é%ﬁ%ﬁﬁﬁ@ (SIEI;aL—f 1ow diagram) - (6%)"

() W (transter Tupction) ()= By (9)/B()=7 (19)

-

. ) Paat
9 H—EIRG BT : :
Nl K L)
G- ' ’{sts+z) (s+4) ] i
- o.ls
- - \—f*\_.‘“f—‘*" .

() SFHIEREERE (oot locus metliodfﬁﬁfﬁﬁ'ﬁ'%i@%ﬁﬁ?.i@@
# (dominate poles) ZIHBILRE 0.5 iz K - (10%)

(b) FEUHERE K R () PIRSEZAER » FHBE c(t)=2 (I5%)
!
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3. THIRMSP &Rﬂﬁ)ﬁ“ﬁﬁﬁﬁ?)\ﬁﬁﬁ ur) kﬁﬁ%&%h‘jﬁﬁy ﬁﬁﬁﬁﬂﬂ@ﬁ@ﬁﬁ
i(time response).» FERIHIAETLR - ﬂtﬁtﬂ@ﬁﬁ?&$&f§ﬁ§uﬁ, : oo

y
—_— ?
W 3 ) =0, -uOEG) - 60 | S
U() S+5 ) i ) o ‘0 f(ﬂ#ﬁzﬁ) 0 T f,.,
' A - T E(3a) .-t
Ys) 3 ', ) : e e T
B UG) 5+ 520 y(O) 0, y(0) 0, u(t)?q®(3a) (6,%) . |
Ys) _ 3 , Cn ey _ 100 }--
()U(s) = 1619 H0)=2, ‘y(O)—I, u)=0. 6%
(N =x, ;
D) <x ()= —4x,+u(r) » x,(0) = xz(O) 0, u(HAOE(3D) ° (7 %)
¥ ) = xl

4. TR EHitRERFIRRE  EXRAEE V(ﬂﬁﬁﬁ)ﬁﬂﬁtﬂﬁﬁ T RA EE
o B FREFRANE (DA < '
(A) FEE(da) PR EFRAETMER | = 10kg-m®» SRIGEFEM A0 (BN, rad)i@;#ﬁ‘d)\%

B i tanshor ﬁmctmn(VE ;) A TR -) 1250
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The truss p1ctured m Flg.A 1s subjected to loads P. and ZP at vjmnt A All
geshers of the truss are assumed to be pr1smat1c and to have the same axial
rigidity EA. Calculate the horizontal-and vertical d1splacements of joint B
of the truss using the unit-load method. (25%) '

Acantilever'beam"'ﬁﬂesgth L and rectangﬁlar Cross sectioﬁﬂ(wi'dth b, height
h) carries a concentrated load P at the free end (see Fig.B). The stress-
strain curve of the material in tension is represented by the equation

a8 (€, where B-is a constant; the curve has the same shape in

conpression. Determine the straln ‘energy_and complementary emergy for this

bean. (25%)
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;.') The total normal force uniformly distributed over edge AB of the plate of
Fig.*3 'is67;500 N, and the total:shéar force is-54,000 N For edge BC the normal
and shear forces are. 607,500 N_and: 135,000 Nnrespectively. Draw a view showing -
an element with the given state of stress and also draw the correSpondmg Mohr
circle. Draw an element with sides parallel to the x- and y-axes'and show the stresses
acting on it. .
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4— Find the’ l'orce in each bar :n Flg 4— E, = 252 The 2 300 kg mass can "
be cons:dered rigid. " : : AR
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le——— 500 mm —==% >
— ~|[.250mm
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(1A celllﬂg fan consists of four blades of 0.8 m length and 0.1 m width which rotate at ‘
200 rpm. Estimatethe torque needed to overcome the friction on the blades if they act as flat

.

plates. (25 %) o i e

— - - Fy ' - LIS -

[2] The caplllary rise h ofa hqmd ina tube varies with tube diameter d, gravxty g, fluid density =
p, surface tension Y, and the contact angle 9. (15%) (a) Find a dimensionless statement of this
relation. (10%) (b)If h=3 cm in a given experiment, what will h be in a similar case if.the
diameter and surface tension are half as much, the density is twice as much, and the contact
angle is the same?-
- ™ e ‘. - -_‘ v - . . N
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The simplified energy equation for Couette flow is \!J ' a
d’ T LA (du) . 8 y L
2 k aj,

3) Ifboth plate temperatures are equal, what is the  ZZZZZz777 A
maximum temperature occurs in the flow field ? and o T
Where ? Also, Sketch the temperature distribution. (20%)

b) Show from the energy equation for Couette flow that the viscous dissipation rate is a

uniformly distributed heat source at the value uUZ/LZ, regardless of the boundary "~
condition imposed. (5%) -

{

In order to avoid cavitation (FLE9) in a hydraulic puinp, the net
positive suction head available (NPSH, ) must be greater than
the net positive suction-head required (NPSH,). The NPSH,

is defined gs the difference befween the absolute pressure head

in the flow at the pump inlet and the liquid's vapor pressure head.

- - -2

2) Now, the NPSH__ for a particular pump operating at 1750 rpm on cold water is given as

H=H, + AQZ, where H, = 3 meter of water and A = 0.06 m/(m3/min)2. Assume the
pipe systém:-consists of a open reservoir, whose surface is 10m above the pump centerline,
pipe of 0.15m diameter, and 90° elbow. The total system losses can be expressed as

V2/2g, where K=15, Calculate the-maximum volume flow rate at whlch the pump can

be operated without cavitation. (water density is 1000 kg/m , water vapor pressure at the
temperature is 1.8kPa). (15%)

b) If the pump is operating undet the maximum flow rate with the same condition as above, -
except the reservoir is now closed and underpressured, what should be done to keep the
system free from. cavitation? (the pressure in the reserveir is now 620 mmHg and the

water vapor pressure is 830 Pa). (6%) h

¢) Plot the NPSH (including NPSH, and NPSH,) versus flow rate curves, and show the

point corresponding to the maximum flow rate. (4%)
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