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1. (20%) Answer the following questions:

(a) What is the definition of continuity of f(z) at ¢ = 20?7 Is it true that if a function is continuous
everywhere, it is differentiable everywhere? If not, give a counter example. (5%)

(b) Find: [ [ e~ @*+¥")dzdy. (5%)

(c) Sketch figures to illustrate the behavior of the Bessel’s functions: Jo(z) and Yp(z). In particular,
what are their trends of variation in terms of 27 when z is away from origin. (5%)

(d) Show or explain graphically that §(z — ct) represents an impulse moving towards z direction with
speed ¢, where z, ¢ stand for space and time, respectively, and § is the Dirac delta function. (5%)

2. (10%) Find the general solution of the nonhomogeneous ordinary differential equation in an integral form:
y" =5y + 6y = f(z)
3. (10%) Consider the Fourier series expansion of a time series f(¢):

ad 7t 7
f(t) = %—l—z (ancos%@-}—bnsin%—)

n=1

Show that L s e
=%

= [ @OPdt =2+ (a2 +12)

n=1

State the physical significance of the above expression.
4. (10%) Consider a scalar field ¢(z,y, z) = z2yz sin(ry).

(a) Determine the rate of change of ¢ at the point (1,1,1) in the direction of a = 2i — 3j + k. (5%)
(b) Find the divergence and curl of V¢ at (1,1, 1), respectively. (5%)

5. (10%) Let a, b, c be vectors, and the vector d be defined asd=ax (bxc). fd=ab+fc, find &
and B in relation to the vectors a, b, c.

8. (20%) Solve the following initial value problem:
| Yy =h(), y(0)=0, ¥(0)=0

where

0, 0<t<b
h(t)=4 (t—=15)/5, 5<t<10
1 t>10

7. (20%) Solve the heat equation subject to the boundary and initial conditions:
Up = Uge, 0<2x<1, t>0
u(0,t) =0, wug(1,%)+u(l,t)=0
u(z,0) =0
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Dimensional analysis
A (3£ 80%)

1. Givena velocity field, ¥ = Axi — Ay} ; x and y in meters; 4=0.5 5™,

(2) Find the equation of streamlines in the xy plane. (10% )
(b) Plot the streamline through point (4, 9) (5% )

2. Astream of water of diameter d = 0.1 m flows steadily from a tank of diameter D = 1.0 m as
shown in Fig. 1. Determine the flow rate, O, needed from the inflow pipe if the water depth
remains constant, 7z = 2.0 m. (20% )

Q

d=0.10m

(a)
Figure 1

3. Consider the laminar flow of an incompressible fluid past a flat plate at y = 0. The boundary
layer velocity profile is approximate as u=Uy/é for 0<y<éS andu=Ufory>5.

Determine the shear stress by using the momentum integral equation. (20% )
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4. Consider a cylindrical chimney, d=1m, L=25m, in uniform flow with "= 50 km/hr as in -
Fig. 2. Neglect the end effects, and calculate the bending moment at bottom of chimney.

(Hint: p=1.23kg/m’> and w=1.79x10" kg/(m-s) for air, and C, ~0.35 for a cylinder)

(25%)

—| J—d=1m
-

Fp L=25m

L 4

Figure 2
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1. (20%) A—EEANESAIRERMR - EP=(EnENEES5IRB m = 10 kg~ m =30 kg »
m3=50kg " _ﬂﬁ]f’\iﬁﬁﬁ’ﬂ_/,%ﬁﬂl 1 FR » BT ERKE AR G, ») =3, 1) » 55 ¢
(1) RFEESRRFEER 20 kg GRS MESRSLL/RMRERIEIRRRAT ? (10%) -
(2) RFETESRSLUERER x ERH L - FEHELERRAEERM ? (10%) -

Y

B 1

B

ol

2. (20%) BE—EEEKIEZRIOET  f0E 2 FiT - (SRR A BOEES vi=2m/s
(1) BREBZE B B » EHEEREE ? (10%)
(2) BRVEFABL C KOBERE x B ? (10%)

— v, =2m/s

& 2

3. (20%) Aﬁﬂ%ww ERGE/ N 1 m) » ;zul 3 FR - BAERALUSINEE 49m/s® 1T
BiR 5504 Uﬂﬁ'ﬁ:‘aﬁﬂ#%&\

L/z///ii/iiiddeciir2’?2z
3
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4. 20%) HA—#ETHEAMEE 0.75 kg/m > METHVRATERIIF 100 kew - BERMERERIE - & 5 m #
—{E 1 kg WECE @ FHAMEAEESAEESEERRE TESR?

5. (20%) ZrAfERE

(1)
)
€)
@)
()

Gravitational potential energy (4%) °

Principle of linear impulse and momentum (4%)
Newton’s laws of motion (4%)

Static friction coefficient (4%)

Kinetic friction coefficient (4%)
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1. (15%) Figure 1 depicts an amplifier composed of a cascade of three stages. The amplifier is fed by
a signal source with a source resistance of 100 kQ and delivers its output into a load resistance of
100 Q. The first stage has a relatively high input resistance and a modest gain factor of 10. The
second stage has a higher gain factor but lower input resistance. Finally, the last, or output, stage
has unity gain but a low output resistance. To evaluate (i) the overall voltage gain (vi/vs), (ii) the
overall current gain (i,/%;), and (iii) the overall power gain (P/P).

l

Source | Stage ] Stags 2 [ Stage 3 | Load
100 < 1 kO [k S 10 0
kQ + & 100 - .
1 MO ” ' IO KLY 100 £}

|
|
O
l
I
|
l
y |
|
I
l
I

]

Figure 1

2. (15%) Calculate the built-in voltage of a junction in which the p and » regions are doped equally
with 10'® atoms/em®. Assume n; = 10'%m?. With no external voltage applied, (i) what is the
width of the depletion region, and (ii) how far does it extend into the p and n regions? If the
cross-sectional area of the junction is 100 pm?, (iii) find the magnitude of the charge stored on

either side of the junction, and (iv) calculate the junction capacitance C;.

3. (20%) To analyze the circuit of Figure 2: (assume S = 100)
(i) to determine the voltages at all nodes and the currents through all branches, (15%)
(i) to find the total current drawn from the power supply. Hence find the power dissipated in the
circuit. (5%) o

+i5V

Figure 2
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5.

(15%) The NMOS and PMOS transistors in the circuit of Figure 3 are matched with k’,(W;/L,)=
ky(Wy/Ly) = 1 mA/V? and Vin = =Vip =1 V. Assuming A = 0 for both devices, find the drain
currents ipy and ipp, as well as the voltage v, for vi=0V, +2:5V, and 2.5 V.

t2.5Y

-2~5 "4
Figure 3

(15%) To analyze the instrumentation amplifier circuit shown in Figure 4, (i) to determine vy as a .

function of v; and v, (ii) to determine the differential gain and (iii) to find the input resistance.

Figure 4

(20%) The differential amplifier in Figure 5 uses transistors with 8= 100. Evaluate the following:
(i) The input differential resistance R;,. (ii) The overall differential voltage gain vo/vs, (neglect the
effect of rp). (iii) The worst-case common-mode gain if the two collector resistances are accurate

to within £1%. (iv) The CMRR, in dB. c
+ISV

Figure 5
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1. 3K limxcot3x AUMBIRIE (10%) -

2. 5TELUT YRS

(2) Jsinh 2xdx  (59%)

fx? -4
o) [T (s%)

(©) 'fsinlzx cosx dx (59)

@ [x+1°dx (59%)

1 em |
(e) dex (59%)

2
X

b

3'. a(x,y) = .
(@) Ko fE (x, ) AIERERIHE (gradient) » (5% )
(b) LA Rk BEM B R (r,y) EEIIEE ? HBES .

(10%)
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4. ()Ll Taylor Series ¥ 91+ x ¥ x BEIE X* & (5%)
(DFIF LR AR K $1.05 B MBS EaR 2 (59%)

5. ERSRA LR - —EEMONEST =307 +4 + 20k REETRS

[ t RFRRE R IR (£ 5%)

6. SKIEHR x=y FIHAR x=) FTEESHIERE - (10% )

7. R y= dx x€ (1,5) MEE GIR)- (105 )

2
X

5. B x=10 AEBELHE  MENS  ABKEER S S

B RZOFER  WETEEEE x=40 N2 - (10% )
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1. &4 (Nansen Bottle) & 19 &M BEBR R AMER  RXRZHERA? (DIREARQ) R E

CRO)BERLDEELE - '

2. BB ERACTD) kTR ERKBENSHR? (DEBAETERKTENETQOONEAKNETE
(3B EARBU)BIEREKYLE

S EHELI—ARBKTFAAZEBYEZ LAY THARRALHEEGBELB R
(D EBQBER)EK(HEE - |

4, P HEHERNERARBESORZRBEG M BFNBHRKEARRER  ERAEMAH
42 (D3I BEHERAQDHARNERAGEN (DB AR A (DBESHEHRT -

b. A FuAB B E AR ZEAEHHE  MEFEHN > §dNER > BRI FRAM-
#(spring-neap tide)Z AL & (1)12 /65 (2)24 85 (3)15 R (4)28 % - :

6. Bk B E R G2 I EERNBE > SRBRBHERRZRAE? (DHEKQ)BH
€)F-FACIE-F-- K ,

TRAKBAESHRYRBEREEFEATANESY > BHRKBANREZRES (DEBRES
(21 EHEK(3) AR E S H (DEHBILHE - |

8. RFBREZHBYABARKAEKTEFGHES) - %@ﬁb#b"ﬁé@ﬂ"}ti%ﬁ?’ﬁdIﬁ%%(l)?ﬁ%‘f‘%ﬁ%@)
kKR AL A2k E(DBBRRES -

0. 2z T34 B 42Sv (1Sv=10"m’/s) (1)0.2 (2)2 (3)20 (4)200 -

10. FTof7& 25 % 8 4% (Ekman Spiral)e9 @444 L& 557 (DRAREE@E/EEH(2)
ARG EZENHRNB)KAEGFELANBERN(L)ERKZBBRELANTRERL -

11 6B MAYFEREESRFRMAES ERGFHGFHROR? (DERGER)EERR(3)
BHE®mt(d)dtad - 4

12. @fﬁﬁﬁii}ii&@% B SRR AFRAKEY  BARE  ERELAG S LS BB ET L LER
EDEFREZHEAR? (DDUBEEQ) LB EREQ)TFESFHL)REESE -

18. REKBITAAEAE %45 (Significant wave height) » 4@ L ¥ 8t B afRj 4 »
FiiFikd P ERRANS D a- T35 MR 0847 (1)1/2 (2)1/73 (3)1/4 (D1/T-

14, BB A/ NELES A B Bk AR 2B X % ok B35 B S ok BUIE B AT 4R ERMAELXERLERE
7O R BR8N (1)#E4Ew(2) B (3) sk ()& # -

15, R LREERGEH > BREERFEGEMTRERBILIIRE  BAMEELE? (DARS
(Qitie#HQB)HEA(L) s T H -
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