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(20%) Consider the ordinary differential equation (ODE): my"(t) + cy'(t) + ky(t) =

—

(a) If m, ¢, k are positive conétants show that all solutions of the ODE approach zero as t — 0. (10%)
(b) If m, k are positive constants, but ¢ = 0, show that all the solutions are bounded. (5%)

(¢) Describe, respectlvely, the physical significance of the solutions obtained in (a) and (b) in terms of
mechanical vibration. (5%)

2. (20%) Let y1(z) be a solution of the homogeneous equation corresponding to the following ODE:

y' +a(z)y +b(z)y = f(z)

(a) Describe the procedure for finding the second independent solution y,(z) for the homogeneous equa-
~ tion corresponding to the ODE, and then derive y»(z) symbolically. (10%)

(b) Describe the procedure for ﬁndmg the particular solution yp(z), and then derive yp(w) symbolically.
(10%) .

3. (15%) Solve the initial value problem:
y' 43y +2y =68t —5) +uw(t); ¥(0)=0, ¥(0)=1
where §(t — 5) is the Dirac delta fucntion that has an impulse at t = 5, and uo(t) is the step function that
has a unit step jump at ¢ = 10. )
4. (20%) Let F be a vector field defined as: F(x,y, z) =8z i— 4y j+ 20222 k.
(2) Find V- F at (1, -1, 1). (5%)
(b) Find V x F at (1,-1,1) (5%)

(c) Find the volume 1ntegra1 [ff,V - FdV over the reglon inside the cylinder defined by the surface
22 4+9* =4, z2=0and z = 3. (10%) A :

5. (25%) The equilibrium state of heat transfer in a thin circular disk of radius @ may be described by the
following partial differential equation (PDE):

10 @- -l—i@—o O<r<a, —w<0<
ror '87" 2902 T 4

Let the boundary condition be given as:

u(a,8) = £(6),
solve the PDE system.
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(a) J-Sin9 x dx  (5%)

(b) #AESEABYEHAR - (5%)

(2
1xex+1

(c) Jﬁdx (59%)

(3

é_ w(k) =/ gk tanh kd ,)‘C(_j" > (109%)
k

4. (a)sA Taylor Series ¥ ¢1+x ¥ x RHE e (59)

(b)F] B oA b & R £ 865 ey E T H 3 £ (10%)

5. {r B R £ A% - B BT =301 +sinht [ +20k » KA B

L vER iR EE R E o (£ 5%)
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6. hEfEEEEE
F(x,y,2)= 3x227+ysin'zj+yezzl€ SRV AFBVeF -
(%5%)

1w f0= [t RS2 (1K)

' x _ . . R
8. BEx=I0 NER éi&éﬁ M-&/J\ tg ARMBEAXT M

o R()VE X REEE A BT R DM (5% ) QS I EN

%0 e IEBAZ x=40 N ERT? (10% )

0. kB (2,1,1) B P& xtytz=0 WyRAEIEEE - (10% )
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2.
3.
4

Siphon
Capillary action
Navier-Stokes equations

Flow separation

HEA (3 80%)

Given a two-dimensional flow in the x-y plane, the x component of velocity is given by u =

1.

Azx. Determine a possible y component for incompressible flow. (20%)

By using the SI units, to prove the Reynolds number is dimensionless. (15%)

If the liquid in a syringe, Fig. 1, is to be injected steadily at a rate of 300 cm®/min; and the
plunger has a face area of 500 mm?, at what speed should be the plunger be advanced? The
leakage rate past the plunger is 0.1 times the volume flow-rate out of the needle. (25%)

Qleak = L ¢ |

Plunger
motion

p

Qo=

= " 300 em¥/min

A
;""VSOOmm ST

— TP —,—.-fA Section (2)

A\

Section (1) Control volume
Figure 1

A pitot tube is inserted in an air flow to measure the flow speed,
as in Fig. 2. The tube is inserted so that it points upstream into
the flow and the pressure sensed by the tube is the sfagnation
‘pressure. The static pressure is measured at the same location in
the flow, using a wall pressure tap. It the pressure difference is
30 mm of mercury, determine the flow speed. (20% ) (Hint: SG
of mercury is 13.55) ‘

Ao
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(16%) 1. The voltage regulator, shown in Figure 1, is to power a car radio at V., =9V
from an automobile battery whose voltage may vary between 11 and 13.6V.
The current in the radio will vary between 0 (off) to 100 mA (full volume).
Calculate (a) (4%) the maximum Zener diode current, I;(max), (b) (4%) the
maximum power dissipated in the Zener diode, Pz(max), (¢) (4%) the value
of the current-limiting resistor, R;, and (d) (4%) the maximum power

dissipated in this resistor, Pg;(max).

(14%) 2. Calculate the dc voltages at each node and the dc currents throﬁgh the
elements in Figure 2. Assume the B-E turn-on voltage is 0.7V and B = 100
for each transistor.

(15%) 3. For the circuit in Figure 3, assume the transistor parameters are: p = 100,
Vge(on) = 0.7V, and V, = 100V. Determine (a) (5%) the small-signal voltage
gain Ay, (b) (5%) input resistance R;, and (c) (5%) output resistance R,.

(10%) 4. For the dc circuit in Figure 4, assume the MOSFET parameters are Vy = 2V,
k, = 80;1A/V2,' and W/L = 4. Calculate R; and R, such tl_lat the current in
the biasresistors is gppraximéte-!y. one-tenth of I; where Iy = 0.5 mA.

(20%) 5. (a) (10%) Determine the corner frequencies (fL and fy) and bandwidth (fzw)
of the circuit shown in Figure 5 with parameters Rg=1 kQ, R,= 10 kQ, Cs
= 1pF, and C, =3 pF. (b) (10%) Also show the Bode plot of the magnitude
of the voltage transfer function for the circuit. :

(15%) 6. Consider the circuit in Figure 6. Let Z;, = 100 ©, R, = 10 k€, R, =1k, R3=
1 kQ, and Rp= 10 kQ. If v; = -5V, determine (a) (5%) iy, , (b) (§%) vo, and (c)

(5%) i,.

| (10%) 7. Derive the relationship between vo and v; for the circuit shown in Figure 7.
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1. Continental shelf |
2. Hydrothermal vents

3. Red tide

4, Thermocline

5. Geostrophic current

6. Potential temperature

7. Sigma-t

8. Swell

9. Tsunami

10.SOFAR channel
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Fig. 7. Reconstructing Earth’s recent climate. (A} Observed monthly mean global temperatures
(black) and an empirical model (orange) that combines four different influences. (B) Individual con-
tributions of these influences, namely EL Nifio—Southern Oscillation (purple), volcanic aerosols (blue),
solar irradiance (green), and anthropogenic effects (red). Together the four influences explain 76% (+*)
of the variance in the global temperature observations. '
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1. (20%) F) B2 F, FEEF ARV ~ AL a5 TaLnE 1 AR (BE J2=1.414)°

(1) 43504 F 8 F, PR & (Cartesian vector) T~ o (5%)
Q) FHBELEEIRMAT? (%)

3) R 1EF, AAKSARM? (5%)

4) Bz EEIERAERNRE? (%)

z
F1 =8 kg
4m gi
7 - Y
. 2m /
42 NS o S
45° £, e R ,__/
Wrmmmmmmmemmt 2 F2 =5 kg
x -
1

g e AR 2 R o Erh 0 BC EYEEAR o B CAIRY

2. (20%) —SZARIER 3 m HEEE
miE b TR R AR SR A B AR 30° L sk Es C WYfE (JRENSEE 0 E)
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(1) EHAENEHEE - (%)

@) & 0=60° B BHEFHEHEX - (5%) |

) B 0 ENHIRE e enE s (C BRMARINRRL) 7 (10%)
[Hint: BHEREHERET FETT R 7B O BRERES - ]
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3. (25%) —(EVSEEEREE A B C = EERREATER W8 3 BT BER S EERIEE
%%’EEAﬁﬁgﬁoﬁwﬁ'EﬁB%%E%1imﬁ’E&C%%§%3ym%§
EERL s BRI ry=50cm ~ rp=10cm ~ rc=20 cm © ,

(1) RSB OAERER « (%)

2) RSB EREREBIE LEIR - (5%) ‘

(3) S7KHIBER 1.0 glom’ » i Ak % o SR KEREERM 7 (10%)
@) BEEEENKRERT R BB LEERR R 7 (5%) -

150 cm

4 (0%) E—EEEER 10om > B 10kg » ELHBR/INE 4 Fr -
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5. (15%) ZFRERE -
(1) Centroid (3%)
(2) Conservative force (3%)
(3) Rigid body (3%)
(4) Statically indeterminant (3%)
(5) Two-force member (3%)




