2 [ Bt /[ ®

L H L E MR R KRE A R - R
N 101 SEFETITEECEBERESEGE I TE820

AFRESL 8 3 - 451 100 73 FHIREIRFE LB RRELERE L #ELTH -

1 Solve the initial value problem: sin(x—y)+cos(x—y)-cos(x—-y)y'=0; »p(0)=7x/6. (Hint:
multiply the equation by an integrating facto to make the equation exact) (KRE10453)

2 Find the general solution of the differential equation: y”—y=2sin’*(x). (DO NOT use the
Laplace transform method) (KRE 10 43)

3 Solve the initial value problem: x*y"-6y=8x"; y(1)=1, »'(1)=0. RKE 104

4 Use the Laplace transform to solve the equation: f(f) = cos(f) +e™* J‘; fla)e*®da.
(FE 104)
28

5 Find the inverse Laplace transform of F(s) = —2{—3)2. (REE 1049
sT(s+

6 Letf(t)=1, 0<t<r, find the Fourier cosine series and the Fourier sine series of f (f)on

interval [0, 7]. (RE1547)
8 -4 3 X, 0

7 Let A=|1 5 -1|, X=|x,|, and B=|-5: (KE 154)
2 6 1 X, —4

(1) find the determinant (IA[) of the matrix A, and find the solution of AX =B by Cramer’s
rule. (KA 8H)

(2) Find the inverse matrix (A™) of the matrix 4, and find the solution of AX =B by
X=A"B. (K|ETH)

8 Let A=[Z —51} X=[j},and X(t=0)=X(0)=[ﬂ: (ARE2043)

(1) find the eigenvalues and eigenvectors of A. (&/ S5 %)

(2) find a fundamental matrix (€(#)) for the systems of linear differential equations,
X'=AX. (XDASH)

(3) find the general solution of the system X'=AX. (& #5 7)

(4) solve the initial value problem of X'=A4X with X (0) (RS )
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: : . dx+hky =06
(1) Determine the values of & such that the following equations
, kx+ y=-3
(1) the equation has no solution.

(4%)
(ii) the equation has exact one solution. (4%)
(1ii) the equation has an infinite number of solutions. (4%)

(2) Determine the polynomial p(x) = ag +a)x+ a2x2 whose graph passes the given points

(1,2), 2. 0), 3, 4). (12%)

(3) Solve the following linear system Ax=b with LU-Factorization of
2x1 + X9 =1

Xp—x3= 2
'“2.7(71 + Xy + X3 =-6

(1) Find the LU-Factorization of the coefficient matrix A, where diagonal elements of L are

1. (8%)
(i1) From (i), solving y ofthe lower triangular system Ly=b, where y=Ux. (4%)
(iii) From (i) and (ii), solving x of the upper triangular system Ux=y. (4%)

(4) Express the vector b as a linear combination of the columns of A.

1 1 -5 3
A={1 0 -1{, b=[1}| (10%)
2 -1 -1 0

(5) Let T be the triangle with vertices at (x,, y,), (X,, ¥,), (X3, ¥;). Show that

1 n o »n 1
{areaof T }=-£ det| x, y, 1 (10%)
x5y 1

(6) Find the area of the region E bounded by the ellipse whose equation is
2 2
L A (10%)
4 9
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(7) (a) Find rank A and dim Null A. (8%)

(b) Find bases for the row space, the column space, and the null space of the matrix A.
2 -3 6 2 S

-2 3 -3 -3 -4
A= (12%)
4 -6 9 5 9

-2 3 3 -4 1

4
(8) Compute A'® where A{2 J.(Hint: utilize A =PDP™') (10%)
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(Inner product)Z 14 % %] % a ¢ b>0, a « b=0, a « b<0? (10 %)

. HE = E N ¥ — w il (Tetrahedron) 2 Z B A K B> H U =ZBEEa, b, c
R & T #F a=it3k, b=4i+6j+2k, ¢=3i+3j-6k, KmwDEZHBH - (10 )

. (@R T RlE M 2 ¥ & M4 (Eigen values)$t {7 %) $# 2 & % & & & (Eigen vectors)
AHBEETESRAE—BTEE? (154)
a b
5l
OHHEAL EERAXRTRT > 15%)
-4 -6
A=
N
CA-GEFRY A 10 BEER SHLHE 10 o BsER3 oo
BHRANBLRER AV RF —BARALHEY o REEHBAFENES
R ot c BREMAAAFBR IO YEL "S- BEAH -
(a) A AF 5 FH (expected value) 54?7 (B 4)
(b) EREAEREE (Fn 2 60) 9MERE LV ? 4 %)

(c) BEARFERMGHE  FATRREL > HAHREAHL - AL TH T L4
BB ? (FOVNEBHERAp XPBERFADP AT @)

L@ -1 B 43 2R EERE—ERE x, Hod 3 B 41 ZRMERHRES
—EARFE y, HETHFHELMRE

(@) ¥*<025 (44%) (b) max(x,y»)>0, (4%)

© [x-y|<1l, @%) (d xy>0. CR

LB XY AERBrZ SN oA (Gaussian distributed) RE# S ¥ 0 B
HFXPHERFELEAER  &B ur =4, =0, oy =0, =1
(@ BE X Y 4BAMmEEE S (ointpdf), (S a)

1

b & T= BE T oy R #H &% (cumulative distribution

Jxtiy?’
function, CDF); (8 %)
© Bf T oBEFELHK (pd) ()
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1. Three identical impedances Z, =Z, = Z, =30£30°  are connected in A to form a balanced
three-phase load as shown in Fig. 1. This load is supplied from a balanced three-phase voltage
with ¥, =100£0°V, ¥, =100£(-120°) V and V,, =100£(120°) ¥ . Find (a) the reading
values of Watt meters P, and P, . (b) total active power delivered by the source; (c) total

reactive power delivered by the source. (30%)

PA

ao F W y *

By

Wy

c o + m L 4

Fig. 1

2. In the circuit shown in Fig. 2, find (a) the voltage time function v(¢); (b) the active power and
reactive power delivered by current source 7,(¢). (20%)

1H

i,(1) = 532 cos(2r) 4

i,(£) = 62 sin(2¢) 4 d‘) T
Fig. 2

3. An industrial load consisting of a bank of induction motors consumes 40 kW at a power factor of
0.8 lagging from a 220 V, 60 Hz, single-phase source. By placing a bank of capacitors in parallel
with the load, the resultant power factor is to be raised to 0.95 lagging. Find the net capacitance
of the capacitor bank in pF that is required. (10%)

4. A single-phase 100 kVA, 2400/240 V, 60 Hz distribution transformer is used as a step-down
transformer. The load, which is connected to the 240 V secondary winding, absorbs 80 kVA at
0.8 power factor leading and at 230 V. Assuming an ideal transformer, calculate the following:
(a) primary voltage, (b) load impedance, (c) load impedance referred to the primary, and (d) the

real and reactive power supplied to the primary winding. (15%)
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5. A 60 Hz single-phase, two-wire overhead line has solid cylindrical copper conductors with 1.5
cm diameter. The conductors are arranged in a horizontal configuration with 50 cm spacing. The
line length is 20 km. For the single-phase line, calculate: (a) the total inductance in H and the
total inductive reactance in €, (b) the line-to-line capacitance in F and the line-to-line admittance
inS. (15%)

6. A 20 km, 345 kV, 60 Hz three-phase line has a positive-sequence series impedance
z=0.19+j0.34Q2/km. The load at the receiving end absorbs 10 MVA at 0.9 power factor

lagging and at 33 kV. Assuming a short line, calculate: (a) the ABCD parameters, (b) the

sending-end voltage. (10%)
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1. (15%) Given the unity feedback system of Figure 1,

R E
(s) + (s) GGs) C(S_)'.
Figure 1
where
G(s) = K(s+a)
(s+B)

is to be designed to meet the following specifications: steady-state error = 0.25 for
unity step input; damping ratio = —15; natural frequency = v/16. Find K, o and 3.

2. (20%) Given the state space of the system represented below, where u (t) is the unit step.

x = [—%0 -19}"’*"{(1)]“(*)
y = [1 2]x, x(0)=[(1)]

a. (8%) Determine the state-transition matrix, e4*.

b. (5%) Determine the characteristic equation.
c. (7%) Find the output y (¢).

3. (15%) Find the transfer function, G (s) = %’%, for the network shown in Figure 2.

10 2F

AVAVAY, i
+
IQ§ 10 < vo(t)

vi(t) C}

Figure 2
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4. (15%) For the system shown in Figure 3, find the following:

(5%) The closed-loop transfer function, T'(s) = %—%.

a.
b. (5%) The system type.

c. (5%) The steady-state error, r (00)—c (00), for the following test inputs: 15u(¢), 15tu (t), and
15t%u (t), respectively.

L

R(s) + + Ty 2 C(s)

o | o | -

4s

Figure 3
5. (20%) Given the unity feedback system of Figure 1, where

K(s+1)
s(s+2)(s+3)(s+5)

G(s) =

do the following:

a. (8%) Sketch the root locus
b. (56%) Find the value of gain that will make the system marginally stable.

c. (7%) Find the value of gain for which the closed-loop transfer function will have a pole
on the real axis at —0.5.

6. (15%) Given the unity-feedback system shown in Figure 1, where

50K
" s(5+3)(s+6)

G (s)

a. (8%) For K = 1, sketch the Nyquist diagram and determine if the system is stable.
b. (7%) Using the Nyquist criterion, find the range of K for stability of the system.
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- (a) (S%)EXEPREERS P > fal3H URL ?
(b) (5%)aA =2 tH—{@ URL HYFEH -

. (a) (3%)fa] 58 Multitasking (2T ?
(b) (6%){¢ CPU VAEERE » (FELLFUCI R & THIRRE ?
(c) (6% AERE @ (EELS N oIEE % THIMEE ?

. () GRFRBIOTRAE —EREALE? (BT : WA TRE Table... %)
(b) (7%)fFT38 SQL ? SAB—FIRBIHEAE S -

. (10%)3EF A 802.11 CSMA/CA £ty - SREAMELR EAERYEARER?

. (a) (5%)5HaRH] CPU AobEh - {a]5550 40 % (von Neumann)ZeH% ?
(b) (5%)felsH05 #(Harvard) 254 ?
(c) (5%) ELABHRES S Ry fe]?

. (20%)Fibonacci sequence (B 85)) EH & fln) =Rn-1)+fn-2), FEE RO)=1, {1)=1 En A
TEEE - AT CEBE A n BEAM - EFEREREYIEME (n) » FHRABRERX
(10%) E2FE IR I 5 74(10%) ©

. DLIEEE754 B B R (floating)
(a) (8%)ETEL 1.5625 By —EMTA&L -

(b)(?%)g‘f%sz11111u1lzooooecoeooouoooacooeogjE’g+ﬁ{3§§{{g°
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1. Figure 1 shows a typical output characteristic of an npn bipolar transistor biased at
a given base current. Two operating points (Q4, Qp) are chosen.
(a) Please compare the magnitude of output resistance (rg,4 vs. rog) for the two
operating points (Q4 and @g). (3%)
(b)Please compare the magnitude of the transconductance (g4 VS. gmp) for the
two operating points (Q4 and Qp). (3%)

Ic 0 1v J:f _[-———{I oy
Op ! = o.sv—[|+ i"’ 05V - 02v— I

- Ver @ (b)

Figure 1

Figure 2

2. Please analyze and denote the operating regions (triode, saturation or cut-off) of
the MOS circuits depicted in Fig. 2. Assume Vigy=| Vyyp [50.4V (4%)

3. Two outputs of the amplifier are specified in Fig. 3. Derive the voltage gain,
Vout!Vin and vouofviy, , respectively. Set 1=0 for M, and v, as a fixed voltage. (10%)

VDD

Figure 3 Figure 4

4. Assume all of the transistors drawn in Fig.4 operate in saturation region. Please
calculate the current gain (=/,,/I,,). (10%)

5. Please identify the amplifier types in Fig. 5 and also denote the ideal requirements
of the input/output impedances (R;,, R,,). The amplifier can be either of the
following type : voltage, current, transimpedance and transconductance. (20%)

! out

D= Do
+
@ I ~ = @ I ~ Vout
F‘inzr.‘> Rout=? Hin=? Roul=? ,1

(@ - (b) * N
Tout o

vy I” l/ﬁ ) ‘l‘ Vin y r l/ﬁ V:ut
" Ry, =7? Ryy="? ) :~ Ain=? Rou =7 n

(C) -~ In=1 out = { (d) r
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6. Draw the small-signal equivalent circuit for the amplifier shown in Fig.6. (10%)
Vee

R,
Vin Qi I_‘ " .

| Q. vin&_—K D,

Vout Ii” CD §R D;

2 Rar Rc: § Rg 3mA g3
4

Figure 6 Figure 7 Figure 8

7. For the degenerated circuit depicted in Fig. 7, please perform the small signal
analysis to derive the exact output resistance (R,,,) and its simplified form detailed
explanation. (15%)

8. For the circuit shown in Fig. 8, the current flowing through the resistor is 2.5 mA.
Please calculate the voltage across the resistor and the required value of the
resistor. Assume /s =5 x 10'° A for each diode at room temperature. (10%)

9. For the two operational amplifier circuits shown in Fig. 9, please answer the

following questions : (15%)

(1) Derive the transfer functions and their pole or zero by assuming the gain of the
operational amplifier is infinite. What are the main purposes of these two
circuits?

(2) If the gain of the operational amplifier is finite to be 4, please recalculate the
transfer functions and their pole or zero.

C R
IS AW

vout vou!

Figure 9
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There are totally 7 questions, totally 100 points. Please answer the following questions in order,

otherwise no score will be considered.

1. Determine the fundamental period of the signals below:
(a) (3%) Determine the fundamental period of the signal 2sin(3¢ +2)?

(b) (3%) Determine the fundamental period of the signal 3cos(4¢+3) ?
(c) (4%) Determine the fundamental period of the signal [2sin(3¢ + 2) — 3cos(4t + 3)]?

2. Consider the feedback system as Figure 1. Assume that y[n]=0 for n<0:
(a) (5%) Sketch the function of the output y[n] when x[n]=45[n]?
(b) (5%) Sketch the function of the output y[n] when x[n]=uln]?
x(n] +,fT\ » yin]

Delay

yin-1j
Figure 1

3. Let x(t) be the rectangular pulse shown in Figure 2(a), and let h(tr) be the impulse train
depicted in Figure 2(b). That is
h(ry= Y. 8(t—kT)

k=—o0

Determine and sketch y(¢) = x(¢) * h(t) when T is equal to the following value:

(a) (5%) T =47 (b) (5%) T =27 (c) (5%) T =3/2? (d) (5%) T=1?
x(®) B
RURR S O A A
-0 1 2T -T r 2r 3T t
(@ : (b)
Figure 2

4. Let x(t) be a periodic signal with fundamental period 7 and Fourier series coefficients a, .

27/T I
That is, % —‘J- x(t)e “HCEITN g and x(t) = Zakejk(zn 4 . Please derive the Fourier

series coefficients of the following signals in terms of a,:
d 2x(z‘)

(@) (5%) x(5t-1,)? (b) 5%)
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5. (16%) AM Modulation. Given a voice signal s(t) whose Fourier Transform (spectrum)
S(® )=10 between the range (- @, , @, ) and S( @ )=0 otherwise. Let p(t)= cos w, t be the

modulation signal, assume @,>>w,,

(a) Sketch S(w).
(b) Sketch P(w), the Fourier Transform of p(t) (Hint: P(w) = n6(w - o) + 76 (@ + o)

(c) The transmitted signal r(t)=s(t)p(t), find and sketch R( @), the Fourier Transform of r(t).
(d) The demodulated signal g(t)=r(t)p(t), find and sketch G( @ ), the Fourier Transform of g(t).

How to recover s(t) from g(t)?
(Hint: Multiplication in time domain corresponds to convolution in the frequency domain)

6. (16%) Digitization is the process to obtain a discrete time signal x[n] from a continuous time
signal x(t).
(a) Name the two major steps in digitization.
(b) Why do digital processing of continuous time signals become standard in most applications?
(c) Given a signal x(t) with non-zero frequency contents between (- 27 -4000,27 -4000).
Accordingly to the sampling theorem, what is the minimal sampling period T so that x(t) can be

reconstructed from x[n] without aliasing?

7. (18%) Aliasing as Figure 3

X
X p(t) T r(t)
X (1) R’%}
-Wece W
P(1)
Figure 3
where:
k=+w
X (t)=cosw,t, Sampling function P(t)= Z S(t-kT)
k=-00

Xp(t)= X ()P(1), o, = ‘”7- w5 = S= 400

Find X, () for each @, given below (explain the reasons, no score if guessing)
@o,=100 (b)o,=150 ()o,=300 (d)a, =400 (¢) @, =500




