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81.Use complex analysis-to evaluate the followingintegrals:-. .. --. _ . .

b M= - -

x
@) . __de8 ,a>b>0 [12%]
o @ +bcosb - ’
- n :
) T I e S0 L 18%]

0 (a +b cose)2

ISR R,
LR

2, (a) Give examples of the.elliptic, parabolic, and hyperbplic partial differential
equauons (PDE's). Indicate at least one Characteristic of the solutions of these PDE's
respectively. [6%] -

(b) Under what circumstances or condmons can the method of separatmn of vanabl es
method be applied to solve a PDE? [6%]

(c) Use the method of separation of variations to solve the problem:

-

- - w7

iy -y,.{‘,*‘;?r:%ﬁmr‘.-‘?&,

' " at? 'ax2 ay2

r v -- -

“in a domain D shown in I?igure 1, The boundary conditions are
2(0,y,0=2(Ly,)=2(x,0,0)=2(x, LY=0;z(x,y, 0) =fx,y) and .
|z (x,y,t)| <M(i.e, the absolute value of funiction z is bounded)  [13%]-

RN
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(a) Flnd the general solutlon of the fo]lowmg equatlon (10%)
| y”+2y +y——3e_ +8xe X +1
. fi’f‘ e ' J‘, Tz _,j'l’- - ) - . T
(b) - Solve tlie-inifial valye problem (15%)

<yt (4t =2yt Sy =0 . o, '-)"_(0)":";1

k. For the initial Xalg_;_é problem _
| x1(0)=1".
X) =X+ Xp — X3+t x7(0) =2

s

X|"=3X)p - X —X3 -

X3 Xl X9 +X3 +2€ x3(0)=_
' (a) First; write thl:o,ﬂsﬁ;e;n as X =AX+G ;F md the coefﬁclent
' matrlx A and matrm\G (2%) ’ : )

' . - -
4 . ’, PR
A .

(b) F ind the eigenvéll‘:les‘ of n_latfix A. (5%)
(c) Flnd the correspondmg elgenvectors for each eigenvalues
of matrix A. (6%) - -

P

Eo

-

(d) Transform this system into an uncoupled sysiem, then
solve this initial valve problem. (12%)
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* . Trajectories are shown in Fig. ** for three kicked foot-
 balls, Pick the trajectory for which {g) the time of fight is least; .
* (b)the vertical velocify componentat launch is greatest; () the

EX R unu'l'f]tjbfgz[ﬁan‘_‘g
& PR Bt BT 60 R 3
%ﬁﬂ}ﬁL_l—fq I & ﬁp{:ftc}- Z.IEQ
109,

horizontal velocuy componcnt at launch is greatest; (4} the
launch speed is least. Ignore air rcmsmncc ’

v Air bags greatly reduce the chance of injury in a car acci- O v
dent. Explain how they do so, in terms of energy transfers. / . ; o

e

B4 zTAE A -7’:__5 o Bz 2,8, — B2 %—f@ﬁ]

B3 1] DN T 34 308 BATT R “@ﬁﬁ%%

B 0 A3 ¥%,, /%
WE 3 s FSEA WA BT, %%ﬂ%%?—'@
2 %

BEFBHIFED T 10/,

N

L/



R - i | w il K

B 5 ® Ak 4k A B D TMBITERIRR

- -

[ A ERERTRFRLIAS MG - ME: BHE ’

1. Consider the motion of a ring of mass m sliding‘freely on the wire
described by.the parabola z-= px*which rotates with a‘constant -

- angular velocity ) about-the z-axis.- Assume that the-wire-is weightless
and there is no outside influence acting on the wire. Find the equation ’
for x describing the motion of the ring. s ]

- ?

mg

-

- - o a, . . 2

2. A.sm;;ll cyljnc!er of i'gdius r rolls without slip on the circular surface
with radius R as shown in the Figure. (a) Find the equation of motion

for @, and (b) what is the minimum value of © at 9= 0 for which the
qylirlde{ will make a complete revolution?
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5 . The 2-kg balt falls from rest at a height of 3n above the mclmed
plane. If the coefficient of restitution-is e-—O 8, detcrmine the

distance d to where it strikes the plane dgam Neglect the size
oftheball. . [25%]

l[_ . The circular disk of radius R shown is rotating about axis OA at
" angular speed. @, , increasing at rate ., . Shaft OA, of length L, .
is rigidly attachcd at right angles to a shaft BD that is supported
in bearmgs (not shown) and rotates about the Z-ax1s at angular
speed @, = ¢, increasing at rate @, . Determine

(a) the total angular velocity  and acceleration -a of the disk in
terms of the unit base vectors I, J, K of the fixed axes and

the given w,, @y, @,, @y, and P [10%]
(b) the velocity and acceleration of point P, when it is in the

~ position shown in the XY-plane, in terms of &, &, and K

[15%]
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’ 1 . For the 01rcu1t in Flgure 1 A 1s an ideal vollage amp11I1er of
: . . - . v e e L Wt 2 -'H‘.j.".;-.
gain 100, Imd I.hc LransIer Iunc.uon "( ) und sketch £ Bodc plol. Ior' ‘
H Ay XY v e | FYSEED ]
) i . ' a i‘:, . _' R
1Ls magml.ude.. (_).g /) ' A .
. “:11 —— l:‘a‘ —;—-ﬁ_- -,- T, tm o -. - e ] .
. Lo N& ' 0 )
! 2 eto—||— —12
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11 Figure 4 "
i - v‘ - K — - - -
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i ) . - b . e O . » 2 i : ::' t ) * ' - )
[ I ﬂ‘ - IL '\‘
. . . Anductor. = Srecdcbme
I R 2'Sec£15de-oi?|e lndlLlCEOI', a {emstor, and a capacitor o’ dESlgn. (a) a "
o [ lowwpass filter; ¢b) a second-order ‘high-pass fil'ter:
1.+ and (c) a second-order band~pass [ilter, > .
' | 25 1)
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3. ARURIEL 3 7ROy TREGIR] B T A PRI = L&WJJIIHMMIE.IHT 0.7V (TR MANGE) :

(A)ZE Ry= 1kQ

(B)# Ry=50Q + Ro= 1kQ » ELPABIASIAopen)HRIE » R L=7_ (8.7,
(O#5 Ry = 1kQ » Ry=509Q -» ﬂﬂﬂﬂﬂﬁﬂﬁl(close)ﬂﬂ:l)\r@ ﬂull-v lz ? <'?/)

- oswi 2 e

4. AR 4 BT ERA B T H IR

Ry= 50 » LLDRI(sw ) FSDApen (RMBGUIBIAGT) » M L=? (8 %)

(A) B 4a th » BEIRH(sw ) EUACES B open)MATECULIBIAT %) » ZEWSD ¢ = O AURATHG swi
WwawTEtlﬂﬁR%WHWE*mm&aﬂmﬂﬁ%ﬁEMWh%%ﬁ

Gt 46y (9 25) -

B)TERURRIE] 4a (FIEERENE » HR3H, sw) #TD‘J(Open)fﬁ’l ﬁﬁigﬁf’&ﬁ}ﬁ FEBA? (67%)
(ORGSR - ROREEEUUIE 4o FTR « 35 swl FRUEAFTSIL T BRG] » -
FIEICUET e AR ARG IR 4b) (10/ )

s T 10v
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1. (2) T EATRRARRESE A I B, "B RAOIRALT (6%)
"7 (o) TR I AT AR IR A BRI, AR IR (9%)" L
(¢) Ladlicalo-at least three methods in manufacturing spur gears. What )
age the advantages and digadyantages of the three methods? (10%) . .
l‘_ . %
T I S S A S
| 2. (a) Write down the general procédures needed to manufacture miolds
% for either-plastic injection molding or metal-forming, (15%)
{ .. (b) Whatis ‘so-called “process-induced ‘material anisotropies” in
b . ,
?*E«i’lﬁ - plastic or-metal forming processes? (10%) - -
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3. (1) Explain what “numerical conitrol” is. Explain why “numerical control” is now more

- and more unportant in the manufactunng wor]d [5 %]
(2) ﬁﬂfﬁﬁﬁﬁtﬂﬁll]lﬁi&ZWE M\Zﬁﬁﬁ’“ﬂﬁlﬁlﬁﬂ*ﬁﬂﬂcﬁiﬁ?ﬁ%¥ﬂﬁ:ﬁ ? ﬁfﬂ%ﬁﬂﬂ
Hl e [7%] ‘ ' ‘ S
(3) Describe the following welding processes: [9 %]
@soldesing .- o e
(ii) sea’mwaging' T Le e s

(iii) inert-gas-shield arc welding .

(4) FRHRESEEND LR RMRIRHE © [4 %]

b () MBI O AR, LB IR TE 2 A+ [5 %]

-

(2) IR ﬁJ.!JHEiEtUﬁUmEEP Uﬂﬁ'iZHlJUJFtﬁzzoﬁ SRR S AT AR
']E%EEJEE(L) EJ’GUFIJ:&M(CS)_%féléhl{%fqpa S

N=CS (7)/L (LIRS L 2 B Eesting ) L
N=C8 0. 6)/L - (Jﬂzl%LZE{:'zﬁ“ S (X
@3) :ﬁHELAT%@hEEa‘:Fﬁ%&uﬁLﬁ 0% . - "
(1) Brinell hardness _ - -
: (i) Ro“ckwéﬂ ﬁardnéé's "
(iii)Vickers- hardness

(4) ﬁﬂﬂﬂ’@[‘]’ﬂ;ﬁ )((annealmg)?lll{".[ Wy 5 %] 3

e e o omdmsDm
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a) Describe the difference b‘elweéﬁ‘closcd?and open syslems. (5%)

"~y

' b) What is s the dlfference betwecn extenslve and mtenslvc p10pe1 l:cs? (5%)

Y] What i§ (he difference between (i) saturated vapor and superheated vapor, (ii)
saturated liquid and compressed liquid? (iii) indicate the region corresponding
to lhose status on a, constant pressure hne in the T-s*diagram for water. (10%)
s e I T I
d)Is 1t p_oss1ble to compress an 1deal gas 1s0thennal lyinan adxabatlc plStOl‘l-
cyhnder dewce? Why? (5%) -

-~ y -

& T AL O T .7

2. Asshown in.the figure, thieé devices operate at a.’
. steady state: a pump, a boiler, and a turbine, The . .
turbine provides the power required to drive the - T % =
. pump and also supplies power to other devices. )
For adiabatic.operation of the pump and turbine,
-and i 1gnonng Kinetic, and potential energy effects,.

- determine, in kJ per kg of steam flowing

B bar; .
salurated vapor

(= 125,79 kJ/kg, vi=1.0043x103 m¥kg, : Woe
; h;z 2769.1 kJlkg, s35= 6.6628 kl/kg * K P et
= 7.3594 klfkg » K s= 1.3026 kI/kg » K ™

h,,f,_,, 2258 kJ/kg, hue=417. 46 kilkg) | AN .‘nrgtgge%
a) the work reqmred by the pump (8%) - - fFosdwaler T ' slt%;:p '

b).the net work developed by the turbine (%)
c) the heat transfer fo the boiler (%)
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'" 3. The Berthelet equation of staie is given below. )
" IRCEOI A L

183 - -
where a and b aré positive‘constants 20%

(a) Draw a p-v dlagram and- clearly show the Critical Jsotherm and the
saturation dome, ((o%) -

[Flpi n -
! (b) Determine the critical volumc in terms of the given constants, a and b, Qo)

ﬁ_ A supply of comptessed air is used to inflate a balloon as shown below. The
> entire apparatus is contained in a vacuum (P =.0 kPa) and the ballogn is

| well insulated. The balloon, assumed massless, is elastic such that its

" ’ volume is proportional to its pressure according to the relation, V = kP,
,.  where k = 0.002 m3/kPa. The air can be assumed an ideal gas with constant
¥~ specific heats (cp=1.0035 kl/kg-K, cy=0.7165 kl/kg-K, R=0.2870 klJ/kg-K).

i1

a— -

L s or The supply air temperature (Ts) and pressure (Ps) are 10 MPa and 500 K,
i respectively, 30% -
poats .

| (a) If the initial pressure (Pj) and thie temperature (Tj) of the -air in the

1. balloon are 100 kPa and 300 K, respectively, what is the initial mass (i)

Ty and volume. (Vj)?  (1o%)

i ; (b) Write an energy and mass balance for the balloon in terms of diffefntial
* I-.- . quantities if a small amount of supply air {dmg) is allowed to- enter the

.. balloon. Describe what type of energy is represented by each term in this
’ '{%}“ " equation. (io%).

(c) Solve the equation denved in (b) for the temperature of the air in the
balloon (T) as a fuftion of the mass of air in the balloon (m)-as the air is .
slowly supplied to the balloon. Use the initial conditions from (a) and
calculate the temperature of the air in the balloon when its mass is doubled. (16%)

“ ?t\: Q0 kp o
fufP\Y ot f\\ .

kY
T 2 =2 PVmT ]
Vct\ve \\ /’
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1. Consider the system %(t)=Ax(t)+f(t), -——<oe—c—ne-n (1)

The system described by the above egquation (1) 1s called’boun@ed-input
bounded-output (BIBO)-stability if ;ny bounded forcing function f£(t), called
the, input, produces a bounded response x(t), l.e., a bounded output,
regardless of the bounded initial condition x(0).

Now, conside;;ppg_QP}lowing system:;

-y o -
[ — - phal . - - n

. T S T
0 i .
. o x.(.l':);: _‘52 .0 JFH(t.)"*'f-('t).-'s '-‘.?"""”"_.'.“""71'(_12)

\Pleasé discussfthe BIBO stability of the above equatibn {2) usiﬁé any method.
A

3 .

5

- - - -
¥ : -
o e} - -
- . -
.. .
- - - -

'y,

L L .. = e “ - - ~ s

%2. Consider the transfer function T(s)=X(s)/F(s) for the second-order

imechanical system shown in“Figure (1). Assuming the mass M and the stiffness

?K are fixed, f£ind the loéus?tfaced out by the poles of T(s) as the friction
§poefficient B is incresed from zero toward infinity. i

; _(.)E%)

/
4 %
——WW M > £(t)
-4 -K - L - . - .
4 ~ - B . . %
k LA Y
. - Figure (1):“ .

-1:4_‘
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Given a linear time; mvanant syslem descnbcd by transfer funcuon G(s)

m-.._-.

Please find the sleady state soluuon y(t) when the syslem excited by an periodic.

x

-

- input as figure2 . ( 25% ) -
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| H—ZERR(Multi-loop) il F 5, % '
(OBARIEERZSAE  HASR NI ZIEE? (10%) '

(Z)EWEﬂﬁﬁﬁﬁWﬂﬁﬁ(sawrauon) ﬁﬂe%iﬁlﬁ%ﬁﬂ‘%i?
FEINEIBER? (10% )

ORABREAN ﬁﬂ%ﬁﬁﬁa'Z:F?E(dlsturbauce), .
%Fﬂ@hﬂ&?ﬁZﬁu:EZ@,‘jtnﬂﬂﬁ%ﬁfﬁz_ (5%)
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& inple bealwlfat'h an overhang. is loaded as shown i [‘ig.,l Find the
’ ‘ t the end of the overhang. ( }g )
. - *t s A R W fr , s
o FAITHTHHHHUC -
. ‘.i'\& R B% ——\ .
| L le—a
| I
g'l" Simple beam with an overhang. : “—_

: al ABC (Fig.?2) is simply supported at A and B and is hung from a cable €D
T “tgxpomt C. Prior -to the apphcatwn of the: um,form load .q, .there is no force
;in‘ghe cable nor .is, there any slack id the cable.” ¥hen “the load’q is applied,

| the bear deflects downard-at" C and artensﬂe -force T- develops in the .cable.
}LE,lﬁd the magnitude of this f&frce. ' ( 2 f%’)

P JE
AN

S F;}“‘T .
: - -q - . hoo "
FE EEBEEERERERR RN .
"ls!";*‘ . & B _,u‘! c 3 -
A N ' '
{. P ' ’T“ l.:,T’ ’ } PRI It .
. L3 f——L
: COR, ' R.- ¢ *

Fig.2 Beam ABC supportcd‘ by a (:ablf;
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cylindrical pressure vessel is constructed with a helical weld that makes an angle | ,

55° with the longitudinal axis (Fig.% ). The tank has inside radiusr = 1.8 m . .
gand wall thickness ¢ = 8°mm. The maximum internal pressure is 600 kPa.
Calculate the following quantities for the cylindrical part of_the tank: (a)_the I
circumferential and longitudinal stresses; (b) the absoluté maximum shear stress; - T - 5"

#1and () the norfal and Shear stresses-acting perpendicular and parallel to the LT T

ively, .- - i N N—_—
ﬁs{d.rcspccuvey: ('1610] - - T ) ] ]
fioe (TP lL

- -~ o r= L - - N
~ - - e
-

A circular steel cylinder S and a hollow copper circular tube C having the same
length L are compressed between the rigid plates of a testing machine by forces P ‘
(Fig. 4+ * ). Determine the following quantities: (a) the compressive forces P, and
F in the steel cylinder and copper tube, respectively; (b) the corresponding
compressive stresses g, and o, in the materials; and {c) the shortening & of the -

’“S?mbly. C)fa/"] . - ‘.:

"
e et * -
» x *
e 't o E ;
N -
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b4 =2r?sin29 L
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5

CMtwo dlmcnsmnal flow-of a nonvisceus; 1ncompresmble fluid in the vlcmlty of the
g5 shown in the Figure'i is described. by thc stream function
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\re!oclty potentlal -(5 %) (b) If the pressure at point (1), on thé walI ig 30 kPa, what is the pressure
point (2)? Assume the fluid dencity is [0 kg/m® and the x-y plane.- is_ horlzonLaI (5%)
Detcrrnl +ihe gener slized cylindrical polar form to desctibe flow in the vicinity af a.corser
glea. (1.)% e - T . - . .

% [2] A nozzle is attached to an 80 mm inside diameter flexible hose. rFhe nozzle area is 500
mm?, If the delivery pressure of Watérat the nozzle inlet is 700 kPa, how much the horlzomal
force is needed to hold the hose and nozzle statlonary 1
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-F‘Ig 2z " Laminar flow lhmugh a reclansular n‘ucl
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