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1. (5%} Determine the third-order Taylor series expansion of sinz with respect to zg.

2

. (8%) Consider a function f(z) defined as follows:

2, DLl
flzy=14¢ 20, z=1
4, l<z<?2
Find f02 flz)dz.
3. (12%) U vectors a==3i—j+ k and b =1+ j — k, evaluate
(a} The inner (scalar) product a - b. [3%]
(b) The vector product a x b. [3%]
(¢} The component of a in the direction of a x b. [3%]
(d) The cosine of the angle between a and b. [3%]
4. (8%) Consider the function f(x,y,z) = 22 + 2y — ze".

(a) Find the gradient of the function f at the point (1,1, —-1). [4%)]

(b) Find the directional derivative of the function at the point {1,1,—1) in the direction of the vector v —=

(1,-2,2). 4%]
3. (25%) Consider the following matrix:
110
A=10 21
00 3

{a) Find out its eigenvalues. [5%]

(b) Find out the corresponding eigenvectors. [5%]

(c) Censtruct a matrix P with the corresponding eigenvectors as its columns, and then find its inverse P~1. [5%]
{d) Show that PT"AP = A and A = PAP~!, [5%]

(e) Compute AS. [5%)]

6. (15%) Consider a function f(z) defined as follows:

1. 0<zx<i
flz)y=2¢ 10, z=1
2, l<z<?
{a) Find the Fourier cosine series, and sketch the convergence of the series for —4 < z < 4. [5%]
(b) Find the Fourier sine series, and sketch the convergence of the series for ~4 <z < 4. [B%]
(c) Find the complete Fourier series (including both sine and cosine series}, and sketch the convergence of the
series for —4 < z < 4. [5%]
Please pay particular attentions at where the function is discontinuous.
7. (15%) Consider the ordinary differential equation (ODE} with é(1 — 27) as the ronhomogeneous term:
v+ 4y’ + by = 8(t — 2x)

(a) Show that f7® f(t)8(¢t — 2m)dt = f(27). {10%]
(b) Solve the abaove ODE with initial conditions: y(0y =0, ¢'(0) =2 [5%)
8. (15%) Solve the following partial differntial equation:
du  OPu
at 3z’
with the boundary conditions: u(0,t) = 10, u(1,t) = 100, and initial condition u(z,0) = z.

0<z<1, t>0
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1. Vorticity (15%)
A-HMEAKE AEBCHBIBARES (PREAMREBMEERE) ARAE
27 radisec » ‘ |
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3. #HE (20%)
(a) H—JREEEE > HEE 1/400 > n=0.01 » KE 1,000m » FX B LN A
(Manning equation) KR #iik (#esik BB + 10%) o
(b) RBEEAEH EHRA—REEAMOASHHT - fTHE 0% > HIUAR
RBRAEFARE » BB BT (10%)

4, It E (25%)
B ARG RFLMERFEAT A EEA My=400kg - B3R 2%
FREAMES KB BRRERL Vo=5ke/s BHORENZAEN XS
& Ve= 3,500 my/s o
(a) HEXFrindsdyhoid & -
(b) HEKHHES 10s B0k A& -

5. #HE (25%)
—fH02ke ook - AP LKL  KHSESOmEAHET » EALEAN
A& Fo=kV' > @ k=2x10"N - s¥m’ -
(a) 3t HRB R BHFURAE -
(b) 3 Hsehesk B (terminal speed ) -
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L (20%) 45 SR LR 1 10 kg TR/ - AFPESREUR 0.1 » SHESEURINR 0.09 - 771
(1) SR ASERT) » HI] F REATIEAIE%4 2 (10%)

(2) AU 0.1 miseo IHUERAERVAL L3 » SHAT) F 2 Sh 8850 2 (10%) -
10kg F
¥
)y =
w1
2. (20%)

(1) SRR 2@ ¥y R Ry S TR/ NS 1 T - (5%)
(2) Al 2(0)FF % KT E F AL Oy Op Wl 438 Fo I By - {5115 F=F, + F,, » (10%)
(3) KB 2y hiliFR AB FiI AD FRZA99R 1A » (5%)

Y
f | b
100 N
F, :
300 100N 100 N 74439 A
¥, 30° _~F | o =
30° 30° e
0 - X 0 > a -

il 2(2) Il 2(b) il 2(c)

3. (20%)

(1) sRHYBI 3@ P TR B O BEEEA D ETA/N © (10%)
(2) & 3y kiR (Bok) FEH 500 g HELOOTHY G Bl - IR -l 7 F RS -
KM AT SRR F (R 1 000N « (10%)

F
30 mm _ l
OO N \
Ge
50 mm
A i
e— 18 mm

el 3(a) [l 3(b)
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4. (20%) & T-EEHRF < [BIAH B B A 4 PR -
(1) WERHETRERDUEER v = 10 mvs $&H » BRIGEI IS 0=30° » SERRIERIFW AR LA 1 T
Tl RS RE D 7 (S%)
(2) QISR TR DI A 0=30° fll) - SRR EER v IVER S D BROw] DARINAT 2 AR
FHEFE - (T%) _
(3) WEERr TIEBRUFIEE v = 30 m/s $eHd » BRI AIERS 0 - 5T fEERT DARIIFE ARG THY
Fgmh o HHRY tan 0= 7 (8%)

Vv

&

[a] —
1.5m _L_
1 0.8 m
f
!= 30 m =!
& 4
5. (20%) 19407 TRUBPEESE L, kg/mo PURIRESS SR mEME BRI RN NI e SR

(1) [;'i‘-"”‘;fﬁ%u 1 m/s ﬂ’J;&H“im&Iﬁ KF o #lR 2 OIENEET R 7 (10%)

(2) BB ovs BRI I MR 2R TR 2 (10%) -

6. (20%)
(1) W 6()Ff5 A EHEREIEDIS 4 B R Co S8BT Ly o A (CZBFT vyl £ek75 0] b s
90" g B> B (7Y x Wilt) rSEiiif g 008 h: C (/M7 z ) - DL p BHESHE » Hiali e,
FHVE - (10%)
(2) NI 6OYWIIR > A -BHE R AR L PRS- B4R R~ 1/2R ~ 14R 1Y/PIEIRER
(OA, AB J BC) » fnikd O BEEVE » fiall IV GRYNIE - (10%)
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. Assuming the op amp to be ideal, it is required to design the circuit shown in Fig. 1 to implement a
current amplifier with gain iy /i;= 20 A/A. (a) Find the required value for R. (b) If R;.= 1 kS and the
op amp operates in an ideal manner so long as vo is in the range +12V. What range of iy is possible? (c)
What is the input resistance of the current amplifier? (d) If the amplifier is fed with a current source
having a current of 1 mA and a source resistance of 10 k€, find iz . (16%)

2. Figure 2 shows a circuit that performs the high-pass single-time-constant function. Such a circuit is
known as a first-order high-pass active filter. (a) Derive the transfer function and find the
high-frequency gain and the 3-dB frequency wo. (b) Design the circuit to obtain a high-frequency
input resistance of 10 kQ, a high-frequency gain of 40 dB, and a 3-dB frequency of 1000 Hz. At what
frequency does the magnitude of the transfer function reduce to unity? (16%)

3. Asshown in Fig. 3, a full-wave bridge rectifier circuit with a I- kQ load operates from a 120-V (rms)
60-Hz household supply through a 10-to-1 step-down transformer having a single secondary winding.
It uses four diodes, each of which can be modeled to have a 0.7-V drop for any current. What is the
peak value of the rectified voltage across the load? For what fraction of a cycle does each diode
conduct? What is the average voltage across the load? (12%)

4. Figure 4 shows a discrete-circuit CS amplifier. If the transistor has V; =1V, and &’ ,(W/L) = 2 mA/V>.
(a) Find the DC bias Vgs. Ip, and Vp. (b) Find gy and 7, if Early voltage V4= 100 V. {c) Draw a
complete small-signal equivalent circuit for the amplifier assuming all capacitors behave as short
circuits at signal frequencies. (d) Find Ry, and vo/ves.  (20%)

5. The purpose of this problem is to find the power dissipation of the inverter circuit of F ig. 5 in eéch of
its two states. Assume that the component values are Vee= 5 V, Re= 1 k€2, Rg= 10 kQ, and Vpe=
07V.

(a) With the i-np:ui low at 0.2 V, the transistor is cut off. Let the inverter be driving 10 identical
inverters. Find the total current supplied by the inverter and hence the power dissipated in Re.

{b) With the input high and the transistor saturated, find the power dissipated in the inverter, neglecting
the power dissipated in the base circuit. (12%)

6. For the Wien-bridge oscillator circuit in Fig. 6, show that the transfer function of the feedback
network [V,(s)/V,(s)] is that of a bandpass filter. Find w, and Q of the poles, and find the
center-frequency gain. (12%)

7. ABJT1s specified to have Tina = 150°C and to be capable of dissipating maximum power as follows:
40 Wat Te=25C
2WatTa=25C
Above 25°C, the maximum power dissipation is to be derated linearly with 8;c= 3.12°C/W and 0;,=
62.5°C/W. Find the following:
(2) The maximum power that can be dissipated safely by this transistor when operated in free air at T,
=50°C.
(b) The maximum power that can be dissipated safely by this transistor when operated at an ambient
temperature of 50°C, but with a heat sink for which 8cg = 0.5°C/W and 055 = 4°C/W. Find the
temperature of the case and of the heat sink. (12%)
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lim L - cos a.b>0
sf 1 ,d, T 0
2- ¥—0 Siﬂ b.x E}j@[gﬁ ( 10/0)

3. ATELUTRIES

() _'cosh xdx  (59)

(b) [eosxdx  (59)
© j(x+1)2“dx (59)

(d) J.sinES xcos’xdx ( 5% )

@f € dx (109

x2

w(x,y)=N
4. (x,») x2+y2

(@) KoL (x ) BRI -

OREH@FTRIEZ o 7E (%, ) (ZERRATH E R B 2 (v, y) ABTRE -

(CHEx=3,y=4%  RoIEMEG ) FFREIAEEE (BIRE) -
(&5%)
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5. ()l Taylor Series % sinx %f x BB TR (5%)

(bysk sin 0.1 BT BMEREETHERZE (5%)

6. [EEGTYE T MR R A R eI 30 X B PR AR ARV - HL
FEAE x=40 /3B 0 TSN HIRGEAR x=10 NE » EROSHEEH

2
X

BN T KBS %/ ORRE SR EIEER T
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7. fERLEEEE
F(x,y,2)=3xz"1 +ysin zj + xyezzE sk V AF g
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