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1.(10%) Find the solution of the following ordinary differential equation.
ynr _yu _ yf I y — 4876, y(o) - yf(o) - 0, y”(O) - _15

2.(15%) The response, y, of a damped mass-spring system subjected to an external load,
f (t), is governed by the following differential equation.

y" +5y" + 6y = f(t) with y(0) =y'(0) =0,
where ¢ is time. The external load is further described by the following equation.
f@)=6(t—-2)+6(t—2.5),
where §(t) is the unit impulse function. Find (a) y as function of ¢ and (b) the
maximum response as well as the time of the maximum response.

3.(10%) Find (a) the eigenvalues and eigenvectors of the following matrix, and (b) the
value of a and b4 if the following matrix is an orthogonal matrix.

a b 0
2b a 2b
0 b a

4.(10%) The directional derivatives of two continuous functions fand g in the direction
of ai + bj+ck are a+ b+ c and ax + by + cz, respectively, where a2 + b2 +
c? =1.Given H = fg and h = f/g, evaluate the following expressions.

(a) 7 (VH — g*Vh)
(b) V2H — 2V - (Vf X Vg)

5.(10%) Evaluate the following integrals.
(a) 9561 F; - r'(s)ds, oriented clockwise and F; = yzi + 2xzj + 3xyK,

(b) ffsl F, -ndA, F, = x%i + y3j — 2xzk,

where C; is the outer perimeter of the union of unit circles with center of (0.5,0) and
(-0.5,0), r’ is the unit tangent vector of Cj, s is the arc length of C;, S; is the outers
surface of a cylinder defined by x? + y?> =1, z=0,and z = 1, n is the outer unit
normal vector of S;, and 4 is the area of S;.
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6.(20%)
(5%) (a) Find the Fourier series of a periodic function f(x), where f(x + 2n) =
f(x).

T T
(1 if—ﬂr<x<—§or0<x<z

flx)=< 0 if §<x<n

T
1 if—~2—<x<0

(5%) (b) Find the Fourier transform of f(x).
1+e™ if0<x<1
f(x)=f e ifx>1
0 otherwise
(5%) (c) Represent f(x) by a Fourier integral.
1 if0o<x<1
Fix) = { 0 otherwise

—05 if —1<x<0
(5%) (d) Evaluate the following complex line integral.

2z% -~ 2z—1 _ _ .
f 5 dz, where C is the circle |z| = 1, counterclockwise

7.(10%) Find the Maclaurin series along with the radius of convergence of the
following expression.

fz(sin(tz) + cos(t?))dt

8.(5%) Comment on the convergence of the following complex power series.

i sin%|z| + tanh?|z|
2|z ’

2< |zl £3

n=0

9.(10%) Find three ordinary differential equations obtained from the substitution of
u = R(r)S(O)T(t) into the following wave equation.

1 1
4
Ut = Co N\ Upp +—U + U )
tt (rr ror L2 68
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— ~ (25%)At the point on the free surface of a steel (Young’s modulus = 210 GPa,
shear modulus = 84 GPa) machine component, the strains measured at angles of
0°,45°, and 90° with respect to the x axis were + 1000y, +1100y, and +400,
respectively. Determine
(a) The principal strains and the maximum shearing strain at the point. (10%)
(b) The principal stresses and the maximum shearing stress at the point. (10%)
(¢) The normal stress on a plane whose outward normal is oriented 60°

counterclockwise from the x axis. (5%)

= ~ The Am1004-T61 magnesium (shear modulus = 18 GPa) tube is bonded to the A-

36 steel (shear modulus = 75 GPa) rod. If the allowable shear stresses for the
magnesium: 45 MPa and (Taliow )stee! =75
MPa, respectively, determine the maximum allowable torque that can be applied
at A. Also, find the corresponding angle of twist of end A. (25%)

magnesium and steel are (Taliow)
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= ~ The C-frame is used in a riveting machine. Determine the maximum ram force P
that can be applied to the clamp at D if the allowable normal stress for the
material is g7, = 180 MPa. (25%)

m9 ~ Using the moment-area method, determine the reactions at the supports 4 and B,
then draw the shear and moment diagrams. Assume the flexural rigidity (EI) is
constant. (25%)
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—~ FR-HERER T BRERHOANTEA B 0.1 MPa> BE L 15°C; B4z
By OB 7 A 1.0 MPa REABIRA R FHBE A 1100 °C o 2 £ 455 ¥R
EXBRAG EBHBARAOE L D EN RGN & 2 R BB
WENRE AT BHBEMARE 0.1 MPa; g% & ol &k 4 0.08 m2 o
R % RUBE R R R 6938 B R 48 bk /7 (Gross specific thrust) o 722 589 % J& b %
% 1.0035kJ/(kgK) » &8 % # % 0.287 kl/(kgK) - (30 %)

S EREER-REEERNATR RELFEEZE  ZRFAIBRZEEY -
EREFIEE S A 200kPa ~ 04688 A 0.04 m® BAndsimE & 20°C o f4r
FThm# o EREHMEH AR KERYKRBERwBME - TRGHLEELE
#. % 1.0035 kJ/(kg K) » &8 % # % 0.287 kl/(kg K) = (20 4)

14

C BHEMATREHHMEE AR CRARBYL T
2

=V _(r —E—-) sin O + Llnr
i 2m

APV REGRRECKEF @) r 24186 02 % Hé R £ E AL ;
FRXABEE - ARMEARBAEBERREGHA N - (25 5)

W RTREZAFAAREHRE B AL EFY » #& % 300 mm - %% A LS
BARMKE ZRAGCRF -ERE@adib a3 ERERB Nk E LA
TREMBEE - Wi a8 BAREAV, =25 m/s » fufs/BE
5,=1.4 mm - Bi@ b AN ET @ a Fas  MBEE 5 =20 mm o 3R H
Bk ERWdma BET@b X MBS REL A TANGaE AR S
B BB ER - (25 ) |
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1. (25%)

Derive the transfer function %&% of the following op-amp circuit. (15%)
n

Roughly sketch the gain and phase plots. (10%)

R
AWV

. -

B

Fig. 1

2. (25%)For the control system in Fig. 2,
(1) determine the system type, and the K,, K, constants, (6%),

(2)as K varies from zero to infinity, plot the closed-loop poles on the s plane (7%),
and

(3) compute the gain K so that the closed-loop system has a step response with an
overshoot of 10%. (You may want to use to M,(%) — ¢ plot given in Fig. 3. ) What

is the settling time corresponding to such a design? (12%)

SO | : 0

—( 4?_'— X \ -

Plant

y

Fig, 2
(#TR)
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3. (25%)Plot the Nyquist plot of G(s) = -S-g (12%) Use the Nyquist criterion to

G(s)
1+G(s)

determine stability for the closed-loop system M(s) = . What are the phase

margin and the gain margin? (13%)

4.(25%)A control system is shown in Fig. 4. (a) What kind of controller is used if (1)
z>0.1 (i) z= 0.1 (iii)) 0 <z < 0.1?(6%) (b) What is the range of z that can
make the closed-loop system stable? (8%) (c) How do the closed-poles vary as z
changes from 0 to «? Roughly plot the corresponding root locus. (11%)

+ 10(s + z) 1
_ s+0.1 s(s+1)

Fig. 4
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7 20 474 Bg A8 (mitochondria) & 4a fR 69 A5 & TRk > 8 i sh s 2 1E

TEMSEA G RBFEMEEL > FOL T A

) 73§ mitochondrial dynamic ? 4% 2 F# 48 547 2 (10 2

=) FRRABB ARG > WA TEAME ? LRB AT 2 (10 5)

= (RPN ELRTRBFEG AT BB EM R OB LT > BRI
RS FmA T RA
(—) & A 4k T30 pacemaker cell 89 B A » UM CBLIR E - (15 4)
(=) WEAKESCRBOREERTHEMHEAE 210 5)

C (87 20 M BAARKAEELNESE T BREEERL  FOLTH M
i
(—) ATBAofT 445 ABEAS B ARBeEZ - (10 5)
(=) FFBAAILAE AT RAZERBRE T AR Y RS E R 5 4 48 84 ?
(10 %)
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w9 ~ Estrogen [ AT M E — ~ B MMM BEFTRA > BH LB E B THLEY
Bz e bt ﬁﬁﬁf@ @%i}izﬂ% AEET IR R e
BATEAFTERRERERS 200 5)

L BEEABRMARRALRAAEN ARG EMERE T e SE S
SR B9 o #ﬁ#ﬁi&’f@%ﬁ%{ 3 B AT 5| B2 ¢ T helper 17 cell and regulatory
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. xsin2x —tan 5x?
(1) lim 5 =7
x—0 X

2) lim(x+1/x)1/x _9

xo 1+2/x

(4510 ) p(x) $q(x) BREE TS B 0 & 215

2
d;;ix):—q(x) , ddigx):p(x) o 3 E () B ) = PP () — 2 (x)  ho B

r(4)=-8 » Blr(-4)xr(®) =17

4

\(@%uwwiﬁ%éﬁ%wﬁﬁg gy
+ X%

(85 10 )R # [ (x) =3x-x’ BRI fo(x) =2x A RBE RS A 2B
BAGE =R —BmELZTREEREAT?

(B 10 ) FE— g R EBRERA(Y) L,y HASRIZ S

# 0 324 x(f) = In(sect + tans)* —2sint > y(£) =2cost » 35 K AR dh
0<t<rzm/3@FZREHMEAEMT?

s (4 10 2% 3] A BEART - RAE[ 07 sinxPde 2 TAUE - AR S

FEREA10 R LEBER -
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£ (85 15 9IBRER () =ar +bx* +ex+d > ¥ a,b,c,d B koL -
% f(x) #x=38F % &K AMA(local maximum) » Rx=—1 % & B
fé (local minimum) - B X dh % (inflection point) EAZ # 25 (1, F(1) 4 & » B
SO+ f(=1)=28 - FM BB (X)) REFL? £ B4 0 a,b,c,d 2 W14
B2 ) a+b+c+d =2

A (48515 o) (cardioid) 42 A » A R X A&7 4

Xyt x4y +x=0m B —wHB B FEXAFExZ+y? 120 -
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