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T RBEI (100%) (F&4: B45%)

ORISR T y'(x)=e"y(0)=2 24 (A) y=3-¢™
(B) y=3-&~ (C) y=2-¢* (D) y=2-sin{-x) (E) i E%3

4
1+de™ —4e”
y=3¢¥+e* (C) y=5x-¢" (D) y=4x*-xsin{l-x) (E) s %3k

2 RMAERZATHENE y(x)=y'ep()=4 2MH (A) y= (B)

3. BE e T i R R In(y")y'=3cy; y(2)=¢’ zM#H (A) y=e
(B) (In(y)) =3x’-3 (C) y=(2x-3)e™" (D) y=(4x~7)¢’ (E) AL %3
4. KPR R AT HEMAE §+3y=0 y(0)=3,7(0)=6 zmh (A) y=3"

(B) y=2¢"+2 (C) y=5-2¢" (D) y=3""" (E) bWk

o 1 R

5. BT A 47 £ 358 4 A3 A A (Buler’s formula) (A) € = Z—‘x
n

=0 T

(B) cos(x):i—%t-l-)—- (C) " =cos(x)+isin(x) (D) y"+p(x)y'+th)y=0

2n)!
(E) sl k%3
6. Determine the value of A so that the following equation is “exact”
Ay* + ye® +(4xy+xe" +2y)y’ =0
(A) 4=2 (B) A=5 (C) A=11 (D) 4=18 (E) None
7. Which of following differential equations is a nonlinear equation
sinx

(A) y'+x’p=3x (B) y"+x¢'+3’y=x (C) y'+——=2 (D) y"+sinx=y
y o

(E) None

co

- Which of following differential equations is a linear equation
(A) y'+4x'=cosy (B} y'+x’ysinx=3x (C) y"+sin(y)y'+y’ =2

(D) w"+xy'=3y {E) None




#t B

B3 L AR B L A AR R

P LR (RT3

£ 38 22 R

165
(sz +4)2

9. The Laplace Transform of the function y(t)=4isin2t is (A) Y(s)=

5'-2

(s +2) 4s

(B) Y(s)—( (©) ¥(s)==2=2 (D) 1(5)= S (E) None

)2

5
(.5'+7)2

10. The inverse Laplace Transform of the function ¥ (s)= is (A) y(t)=5cos(7t)
‘(B) y(t)y=5ee™ (C) y(t)stin(?t) (D) y(r)=5/sin(7l) (E) None

1. F—nErisa y"+y=t;y(0)=1,y'(0)=0 » AW 2 dr b di ¥ (Laplace Transform) £, »

5 N S S
& % (A) Y(S)—SZ-H (B) Y(S)_Sz(sz+]) (C) Y(s)" (

5+1) sT+1

15_1) (E) mb%s

S B AR 02 KH (A) B & (B) %=
cos@ +isind

&R (C) =4 (D) Bw g (E) Bk gE

12. 3B 0 A LA — S IRIG1E

Ba2emhErisFeai+b]rek B G=ai+b,]+ck 1L (dot product) i

# B (A) aa,+bb,+ce, (B) Va3, +bb, +cc, (C)

(a0, +b,b,+cc,) (E) k%3

(D)

a,a, +b b, +cic,

14.%’%@1’611%%3'1%13=f+2}—3f jﬁz(_?=—2?+f+4lz ' Bl & X #k(cross product) i F x G

¥ & (A) 2i+11f+5k (B) ST+117+2k (C) 2 +5j+11F (D) Hi+2j+5k (E)
AL %k |

1S %4 =2Ma o F=7-F-F G’=—3f+4}+6§§%ﬁ=—2f—4f+2!€=E‘lﬁ-§?¥#ﬁ

ﬁ.(ﬁxé) #H (A)Y2(B)S(C)I11(D) 18 (E) A L% 3k
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6.3 f(t)=1-M*a M504 . HEER + A
|
- B RORTRRA Lk 0 _ 3
(A) ¥4 A (B) #4 B (C) wag © 0 C*‘/f'
(D) @4 D (E) by
d | ‘D
-1 8
- L 112 2 1 _
17. gt@m%\sumzﬂ /s 2}&B= ;| BR(4B) za g n
' 126 |
1528 15 17 5117 LA P,
(A) []7 51} (B)LS 51] (C) [28 15] (D) [15 UJ(E) Wk SE
18. #—-Ahga

F =y +2x7 4 2k PIRMAR R (curl) VxF gg A

' (A) e (B) o (C) i -2e"j + 2k (D) -2xf—ze*}+(2z—1)!? (BE) m kv

19, zfcﬁ,‘m?%ﬁa;t&@Fa'i.téﬁﬁﬂiﬁ(Fourier)-*&itEﬁ?ﬂ%152%’
-4, -x<x<0
f(x):{ 4, O<x<x
" (A) (—IEJ(cosx+lcos3x+---) (B} 4 (C) (l—ﬁ—J(sinx+—l-sin3x+---)
Fia 3 T 3
ie)/ . | R
(D) (——J(smx+55m2x+---) (E) BLE SR
T
20,

?Xﬁfﬁ"—fﬂﬁirﬁ?}:iﬁi@i ¥ E—MssEr . HUF# & (Cauchy) ) R

2
F4
e
L———_dz
Z-—1

(A) 2Zme™ - (B)0(C) 2« (D) 2ze™ (E) lr%3
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3 1.
(Lo
A
V= ";(xi - vi)
(a) Determine the streamtines for the two-dimensional steady flow
(b} Determine the acceleration field for this flow

(\ O/) 2. Determine the flowrate through the Venturi meter shown in the § figure :fldeal conditions

exist,

y=9.1 kNim?

(7—0% ) 3. Anincompressible, viscous fluid is placed between horizontal, infinite, parallel plates as is
shown in the figure. The two plate move in opposite directions with constant velocities, U,
and U, as shown. The pressure gradient in the x-direction is zero, and the only body force is
due to fluid weight. Assume laminar flow. Use the Navier-Stokes equations (o dcnve an
expression for the velocity distribution between the plates.
(a) Write down the governing equation,

{b) What are the boundéry conditions for the equation in (a)
(c) Solve for the velocity distribution

I 971:) 4. A thin rectangular plate having a width w and a height h is located so that it is normal to a
moving stream of fluid. Assume the drag D, that the fluid exerts on the plate is a function of
wand &, the fluid viscosity and density, p and p, respectively, and the velocity V of the fluid
approaching the plate. Determine a suitable set of pi terms 1o study this problem
experimentally,

Ub%) 5

{a) Consider two large, black paraliel walls, { and 2, separated by one thin black plate as

show below at steady state, find the radiation energy exchange per unit area, Q./A=7

{b) Repeat the problem if the walls and the plates are gray surfaces Use ¢,¢,,8 as the
emittances of the wall 1, wall 2 and the plate. , respectively,

T ' I3
7
s ’
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(7 D% ) - Anexperimental device that produces excess heat is passively cooled. The addition of pin

fins to the casing of this device is being considered augment the rate of cooling.

Consider a copper pin fin 0.25 ¢m in diameter that protrudes from a wall at 95 C

into ambient air at 25 C as shown in Fig. The heat transfer is mainly by natural

convection with a coefficient equal to 10% mzK; k=396W/mK Assume the fin

is “Infinitely long”. Also neglect temperature variation in the r-direction.

(@)Why can you assume T=T(x), (i.e. neglecting temperature variation in the
r-direction.

(b)Derive the governing equation for T(x).

(c}Boundary conditions for the equation in (b).

(d)Solve for T(x).

(e)Calculate the heat loss through the fin.

y
: o /// airat25 C 0.25|01ﬂ,_ r
’ S I

7 o

Wallat 95 C |

r-
v

7
L 20% 3y - Consider the thermal problem of a vertical cylinder in a horizontal air flow. The

convective heat transfer coefficient is h. The air has kinematics viscosity v, thermal _
conductivity «r, thermal diffusivity ¢, density p, and volumetric coefficient of thermal
expansion 3. Gravitational acceleration is g. The thermal conductivity of the cylinder is s.
Other physical quantities are marked in the figure. Define the following dimensionless
-parameters for the problem in terms of the symbols appear in the question, and give physical

significance for each parameter h
Teo
(a) Prandtl number Ue L
(b) Reynolds number Air
(c) Biot number == ‘17
(d) Nusselt number Ts '
>t
(e) Grashof number D
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Prob. #1 (40% )

The stress function for a cantilever beam loaded by a shear force P at the free end is

F=C xy° +Cyxy
(a) Evaluate the constant C; and C;. (10%)

(b)Derive the expressions for the displacements u and v. (20% )

{c}Compare v with the expression derived for displacement y from elementary bear

theory, EI(d%y/dx®)=M. (10%) T%
/]
/ . P
S
Prob. #2 (30%) /
The stress tensor has components Y
311 -
1 0 2
120

in a given system of units. Find the stress vector on an element of surface with normal
in the direction of the vector (0, 1, 1). Give the normal and shear components of this
stress vector.  Also find the principal stresses and the direction cosines of the principal
axes.

Prob. #3 (30% )

If aj; is a second order anti-symmetric tensor, the associated (axial) vector is

1
b; =5 Gijkdji

Show that B = (—323 ,—"331,—312) and that ap. —= _eirsbi .
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BLFLEEEEAL 20 [E - GREEEG 54 0 3£ 100 53 - TREH -
. When we sketch the roof locus on s-plane for a unity-feedback system with G(s)=K(s"—
4s+20)/[(s+2){s+4}], the angle of arrival for the complex zero, s=2+jd, is about
(A)— 158"(B)— 58°(C)38°(1)168°(E)the above all wrong,
{2). When we sketch the root locus for a unity-feedback system with G{s)=K/[s(s+1)(s*+45+13)],
the root Iocus branches that extend o the right-half s-plane cross the imaginary axis at s=tjo,
and @ is about (A)0.81(B)1.92 (C)2.43 (D)3.24 (E) the above all wrong.
(3). We use MATLAB M-ile to sketch the root locus for a unity-feedback systerii with
G(5)=K/[s(s+1)}(s’+4s+13)], and the root locus branches that extend to the right-hall s-plane
cross the imaginary axis at s=tjw. What statement we use te find out Jjw, and gain K at this j
w? (A)[poles, K] = rlocfind(num,den) (B) [K, poles] = rlocusfind(num,den) (C) [poles, K] =
rootfind(num,den) (D} {K, poles] = locusfind(num,den) (E) the above all wrong.
(4). We use MATLAB M-file to sketch the root locus for a umty -feedback system with
G(s)=K(s+2)/(s* +25+3), and we need to find out the intersection of a requested damping ratio ¢
with  the vroot Ilocus. What statement we can employ?{A)sgrid(natural_frequency,
damping ratio)(B)grid(natural_ frequency,dampmg_ratto)(C)sgl:d(dampmg ratio,natural_frequ
ency} (D) gud(dampmg_ralw, natural_frequency) (E) the above all wrong.
(3). If there are Z zeros, and P poles in the right haif s- plane for 1+GH({s) = 0 (charactcrlsllc
equation), and N is the number of clockwise encirclement of — 1+j0 point of the conformal
mapping GH(s) in GH(s)-plane, then for a stable closed-loop system, we get (A)N=P (B} N=—P
(C)Z=—N(D)Z=N (E) the above all wrong.
(6).01 G(s)=K/[s(s+1){(5+5)], for a unity-feedback closed-loop system, then for K=10, the gain
margin is close to (A) 10dB (B)—10dB (C)20dB (D) — 20dB(E) the zbove all wrong.
(7).1f a unity-Teedback closed-loop system with G{(s)=K/[s(s+1)(s+5)] is given, then for K=100, the
phase margin is close to (A)—40° (B)40° (C)— 24" (D)24° (E) the above all Wrong.
(8).A closed-loop system with the characteristic equation, s(s+4)(sz+25+2)+l((s+1) =0, then the
asymptoles centroid, g ,, is about (A)- 0.51 (BY— 1.24(C) — 1.67(D) — 1L.96(}) the above all
wrong.
(9). Which of the following statement is right? (A) the bandwidth of 1/(s+1) is larger than
1/(35+1) (B) the response of 1/(3s+1) is faster than 1/(s+1) (C) the time constant of 1/(s+1} is
farger than 1/(3s+1)(D)the damping ratio of 1/(3s+1) is larger than 1/(s+1) (E) the above all
wrong.
(10}, For the sinusoidal transfer function of the second order system cu,,zl(sz+2 & c.).,s+c.),,2)( {is
damping ratio), the resonant peak, M., is taken place at frequency (A)w=w, (1— ¢ )’ B)w=
wnll= E") (O w=wa D) w=w. (1—2¢ )" (E) the above all wrong.
{11). For T(s)=I0/(55+254+353+652+Ss+3), the right half s-plane poles that the transfer function
exists are (A)1(B)2(C)3(D)4(E) the above all wrong, '
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(12). Which of the following statement is right? (Anmonminimum-phase system is unstable (B)
minimum-phase systent has no left half s-plane poles.(C) nonminimum-phase systerm owns right
half s-plane zeros(D) minimum-phase system owns no right half s-plane zeros(E) the above ail
wrong.
(13). For the Nyquist plot of G(jw)=K/[j @ (j T+1)], H(jw)=1, as w->00", | GH(jw) | = 0, and
ZGH(j@) = (A)~-270°(B) - 180°(C)—90°(D)0°(E) the above all wrong.
(14). A closed-loop system with an open-loop transfer function, GH(s) =K/[s(s+3)(52+25+2)], is
given, then the angle of departure of the root locus for the pole s=— 14 is about (A)18"(B)108°(C)
~72°(D) — 112°(E)the above all wrong.
(15). Given the open-loop transfer function GH(S=K/[s(Tys+1)}(T:s+1)), -and from lhe"Nyquist
plot and Nyquist stability criterion, {A)the closed-loop system is stable with arbitrary X(B)the
closed-loop system is stable with K>1(C)the closed-loop system is unstable with- K>0(D)the
closed-loop system is unstable with K is real large(E) the above all wrong.
(16). Which of the following statement is right?(A)gain margin Ke=1/| GH{jw,) | , wherew, is
the gain crossover frequency. (B)gain margin K,=1/| GH(jw,)} | , where wrg=—180"(C) gain
margin K;=1/ | GH(jw,) |, wherew,, is the phase crossover frequency (D)gain margin K, =1/
| GH(jw,) | , wherea ,=— 180°(E) the above all wrong. _
(17). Which of the following statement for MATLAB M-file is right?(A) statement
“margin(num,den)” can achieve phase margin data (B) statement “bode{num,den)”’ can achieve
phase margin data (C)statement “bode(num,den)’ can achieve Bode diagram in normal
magnitude(D) statement “margin(num,den)” can achieve gain margin on Bode diagram in
normal magnitude(E) the above all wrong'.
(18). For the linear time-invariant system, dx(t)/dt=Ax(t}+Bu(t), with a state-feedback control,
u(t)=—Kx{(t) (if K is given), is applied, then we can use the Routh-Hurwitz stability criterion to
test the stability of the closed-loop system with (A)the characteristic equalion as det{s]—
(A+BK)) = 0(B)the characteristic equation as det(s — (A — BK)} = 0(C)the characteristic
equation as det(sI+{A+BK}) = 0(D)the characteristic equation as ldet(sI+(A—BK)) = () the
above all wrong.
{19). The steady-state velocity error constant K, = 20, is required for the design of a
compensator G.(s) for a unity-feedback system with G.G(s) as the open-loop transfer function,
and it means (A)input function is a unit-step function(B)the steady-state error is 0.05 due to
unit-ramp input(C)the compensator G(s) is a phase-lead compensator(D}the closed-loop
system is unstable(E) the above all wrong.
{20}. When we take a second-order “Pade approximation” for the delay term &7 {dalay time
T=1) of a unity-feedback system with G(s)=3¢"/(1+4s) as the open-loop transfer function, we
use the MATLAB statement as [num,den}=pade(m,n), and (A)m=1n=2 (Bym=2,n=1
{Cim=4,n=1 (D) m=3,n=2 (E) the above all wrong,
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— 33098 % 2] 464 ¢l (Pure bending) 49 #2 (Beam)#4 £, & % 45 B T F 42
# C L& IEd - (10%)
=~ SR PAMAE AR LA B (Static loading) ¥ » £177% 24 ko a0g
# (Failure theory) &R IF #| R MR A4 2 E2MAH B E - (10%)
=~ (a) T3 MM 45 A M (Endurance limit) ? (4%)
(b) MAKERFATF 2 09I HIE AR Se'EBMAH T IEH A
JR Se R Fl &R B+ TAZEH M 4o 415 E Se T4F B AR A )
TEFESF A TR  (6%) |
w9 -~ 3289 4k 1% 1% $5(Chain drives)&) % i# A5 /% F (Chordal action) B £ &
4 B E - (10%) -
Zi(a) RAMMGRALUBRBEEVTARG I EH L K605 H-(6%)
(b) AT EHREE T ROBELEHH R - (4%) -
N BB H AR RE - (20%)
£ RAANMYETL RXEAYXERRERF R SR E
4 (20%)
AN BEAEEIE S Ao Tk - (10%)




