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(10 pts) Find the general solution of the differential equation: e*siny—2x+(e"cosy+1)y =0.
(Hint: find the exact differential equation first)

(10 pts) Find the general solution of the differential equation for x>0: )" —Ey’ + %y =x+1.
X x

(Hint: the second order differential equation is an Euler’s equation)
(10 pts) Solve the initial value problem: y"—y'-2y= 2cos’x; y()=1, y'(1)=0.

(10 pts) Use the Laplace transform to solve the equation: f (/) =—1+/-2 J'OI f(a)sin(t —a)da.

212, 0<r<3

(10 pts) Find the Laplace transform of f(f) = )
1-20-3t°, 23

(10 pts) Find the Fourier series of f(t) =1+t ontheinterval —-r</<nx.
i

1 1
(10 pts) Find the determinant and inverse matrix of A={ 0 1 1
0 6

-3
4 -2 310 1 X,
(15pts)Let A=[1 0 0 -3; B=|8|; X=| |, (a)find the reduced form of [AEB],(b)
2 -3 0 1 16 X,

find a basis for the row space of 4, the rank of 4, and the rank of augmented matrix [AEB] ,(0)
find the general solution of AX = B. [Note: please show the general solution by matrix form]

-18 t
(15 pts) Let A= F } ;X (1) = [xl( )}, (a) find eigenvalues and eigenvectors of 4, (b) find
X

2 -9 %, (1)
!
the fundamental matrix Q(r) for the system of differential equations X" = AX', (c) find the

general solution of X =4x
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. Find the dimension and a basis of the solution space I of the svstem of linear
equations (15%)
X+2y—-4z+3r-s=0
Xx+2y—-2z+2r+s=0
2x+4y—-2z+3r+4s=0

(a) Find all eigenvalues of 4 and corresponding eigenvectors. (10%)

(b) Find an invertible matrix P such that P~' 4P is diagonal. (10%)

- Let T be the linear operator on R’ which is represented in the standard

()

ordered basis by the malrix (15%)

5 -6 -61
-1 4 21,
3 -6 -4

Prove that T is diagonalizable by exhibiting a basis for R”, each vector of which is

a characteristic vector of T.

4. Let T be the linear transformation whose standard matrix is

1 4 8 1]
A=[0 2 -1 3
0 0 0 5

(a) Does Tmap R* onto R*?(10%)
(b) Is T a one-to-one mapping? (10%)

Explain your reasons for both answers.

5. Determine if the columns of the following matrix form a linearly independent set.

You must show the process of your reasoning. (15%)

(1 1 0 47
-1 0 3 -l
0 -2 1 1
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0. Show the process to find an LU factorization for the following matrix (15%)

1 3 =5 =3
-1 -5 8 4
4 2 =5 -7

2 -4 7 5




YL BOLEMFHEOAS 102 SRR RFT - EBR
A BELHEHCFEREREZEERE B EREEEHAS

l.

A sinusoidal voltage source v(r) = 2402 sin(3771 + 0.687) V is applied to a series R-L circuit
with R=9.69 Q, L = 6.63 mH, at r = 0. Assume that the inductor has no initial current. Please

determine the circuit current i(¢) for > 0. (20%)

- o e I 10
The ABCD transmission parameters of the two-port network in Fig. 2 are [ T ] =[ o W

1Q

120V [T] R,

Fig. 2

The output port is connected to a variable load for maximum power transfer. Find R; and the
maximum power transferred. (15%)

Calculate the mesh currents /; and L in the circuit of Fig. 3. (Note: [, and I, are the phasor
representation of the sinusoid /,(f) and i»(¢).) (15%)

1/4 F

1002 lH
l—l
‘@’
vty =10 cos(2) V q 2H q

Fig.3

2L

—_1

Two balanced Y-connected loads, one drawing 10 kV A at 0.6 power factor lagging and the
other 4 kW at 0.8 power factor leading, are connected in parallel and supplied by a balanced
three-phase Y-connected, 480-V source. (a) Draw the power triangle for each load and for the
combined load. (b) Determine the power factor of the combined load and state whether lagging
or leading. (¢) Determine the magnitude of the source current. (d) If the load neutrals are
connected to the source neutral by a zero-ohm neutral wire through an ammeter, what will the

ammeter read? (20%)
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6.

Consider a source of voltage v(1) =1 IO\/Esin(377/)V, with an internal resistance of 800 Q2. A

transformer that can be considered as ideal is used to couple a 50-Q resistive load to the source.
(a) Determine the transformer primary-to-secondary turns ratio required to ensure maximum
power transfer by matching the load and source resistances. (b) Find the average power
delivered to the load. assuming maximum power transfer. (15%)

The operating cost of two thermal units of a power system are
C, =7.0P +0.008P° $/hr

Cy =8.0P, +0.009P  $/hr

where Py and P, are in MW. The units are subject to the following limits:
100< A <600 MW

400 < P, <1000 MW

Determine the power output of each unit, the incremental operating cost, and the total operating
cost Cy= '+ that minimizes C; when the total system load is 1000 MW. Transmission losses

are neglected. (13%)
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1. For each system of Figure | evaluate the static error constants and find the

expected error for the standard step, ramp, and parabolic inputs. (15%)

R(s) 1 E(s) 500(s +2)(s +5) Cls)
_% (s +8)(s + 10)(s + 12) -

(a)

S00(s +2)(s +5)(s + 6) )
S(s+8)(s + 10)(s + 12) -

R(s) + E(s)
-

(b)

R(s) + E(s) | 500(s+2)(s+4) (s +3)(s +O)(s +7) C(s’)A
% S s+ RS+ 10)(s + 12)

l

(¢)
Figure 1
2. Using Mason’s rule, find the transfer function, 7(s)= C(s)/ R(s). for the system
represented in Figure 2. (20%)

Gy Gals)

G}(,\') G‘g(ﬁ) Gg(\)
Ris) O— —0 O

([\)

(0 Fage) i)

Hyl(y)

Figure 2
3. Find the transfer function,T(s)= ¥ (s)/U(s), where U(s) is the input and Y(s)
is the output (15%)
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4. The forward path transfer function of a unity-feedback control is given: (25%)

G(s) = &
s(s+10)(s +20)

R(s) Gs) ————— Y(s)

(a) Construct the root locus diagram for K >0

(b) Find the value of gain K that the system is marginally stable.
(¢) Find the value of gain K at all the breakaway point.

(d) Sketch the Nyquist plot with K=100.

(e) Find the phase-crossover frequency @, (rad/sec) and gain margin (dB) with

K=100.

5. The transfer function of a system is given by (25%)
G(s) = 20
(s+D(s+2)(s+4)
(a) Transform the transfer function into the controllability canonical form.
X(1)= AX (1) + BU(1)
Y(t) = CX (1)
(b) Is the system controllable?

(c) Is the system observable?
(d) Design a state control feedback U(r) = ~-KX(1) = -[Kl K, KJX(I) so that the

closed-loop poles are located at s = -2 + j2\/—2_, §=-2 —-j2\/—2- ,and s=10.
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. (10%)5Ha78H (18 A BERSETEEHF2F (power on procedure) {15 CPU~ROMRAM ~Hard Disk

ﬁan 503 @JJ”E% ¢

(a) (3%)3EE 4 DVD 9044 2
(b) (4%)35:5787 DVD B RHESEHI =, 2
(©) (4%)34:578] DVD BREERE =, 2

(a) 3%):BEE T ADSL By T £4 ?
(b) (4%)fe[55 ADSL ?

TH R f(x) = alx3 + az.\'2 tayx+a, 0 g(x)=((ax+ay)x+ay)x+a,

(a) S%) LB e =AEEE £ DURBERRGET B AR 2
(b) (5%)& x {HEBATHY 0 B » SEEER — = TE 1B E EAVAERERE -

o DA T ST TYIEE
(@) (6%) (AD);ox(B)jg =(?)i6
(b) (6%) (9B4);4+(2E) = (7 )16

(10%)What is the "MIPS" and "DMIPS", Please define it.
(10%)In C language, what is the "stack memory"? When and How to use it in program?
(10%) In C language, what is the "heap memory"? When and How to use it in program?

(a) (15%)Design a C function to perform the "bubble sort" from lowest number to greatest
number ?
The function definition is:
void bubblesort(int n, int Xarray[])
Note: n is the Element Number and Xarray is used to store numbers.

(b) (5%)In (a), how many swap operation will happen in worst case? Please explain,
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I. A typical transconductance characteristic of an NMOS transistor biased at
saturation region is depicted in Figure 1. Choose two operating points (Q4, Q).
(a) Please compare the magnitude of the transconductance (g4 vs. gmg) for the
two operating points (@4 and Qg) and discuss the reason. (5%)
(b)Please compare the magnitude of output resistance (rg4 vs. Fog) for the two
operating points (@4 and @) and discuss the reason. (5%)

Ip _
QA Iin CD R DI % # Dz
Oz WA/ o
> Vs
Figure | Figure 2

2. The two diodes in Fig. 2, D, and D, are identical except having different reverse
saturation currents, /s; and /s,, respectively. For 7, is large enough to turn on both
diodes, determine the current flow through each diode using the exponential
model. (10%)

3. Determine the impedance (R,) seen at the emitter of Q2 in Fig. 3. Ignore the Early
effect. (10%)

VCC

Vout

Figure 3 Figure 4 Figure 5

4. Draw the small signal model of the circuit shown in Fig. 4. Assume that both
transistors operate at saturation and also consider the phenomenon of channel

length modulation.  (10%)

5. Assume V,; < oo and using Miller’s theorem, determine the input and output poles
and hence the transfer function of the common-emitter stage with ideal current
source load in Fig. 5. (10%)
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. (a) For the MOS transistor circuit depicted in Fig. 6(a), calculate the voltage gain
using the aspect ratios - (W/L), and (W/L),. Assume A=0 for both transistors.
Design this amplifier if the magnitude of the voltage gain is targeted to be 2.
Choose equal length for both transistors. (10%)

(b) Calculate the voltage gain for the bipolar counterpart in Fig. 6(b). (5%)

VCC
0

vo ut

Vin Ql

Figure 6 (a) Figure 6 (b)

. Calculate the closed-loop transfer function of the non-inverting amplifier in Fig. 7
with the transfer function of the op-amp given below. Draw the bode plot of this
circuit and also derive the closed-loop pole. (15%)

Vini
I/Oul _ ‘40 + r—0Vour
V—V (S) - G Vin Vin2
inl T in2 4= —
0, AVAAY
' R, R,
Figure 7

. For the MOS cascode amplifier with a cascode current source load in Fig. &,

(a) Write down the output resistance, R,, and R,, in both of the exact and
simplified forms. (10%)

(b) What is the G, of this amplifier? (5%)

(c) Derive the amplifier gain, 4,, in the simplified form. (5%)

vo ut

Figure 8
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1. 3t E T4z ?IE%@ 31 # 4% 34 (Fourier transform):
(@) (5%) x(H)=e ™, a>0;
(b) (5%) g(H)=sinQRrx t+7/4),

(©) (10%) (1) = {1 [#1<)

B 783 C BE R Y(w)h sine BB R AR -

2. —SRPEIRRF Y R (LTI system) 8t p(OBEA x(OB 14T AR T 780 50 7 A2 A R4dak

dy(’)+4dy(’)+3 ot L P
dr’ dl dt

(a) (10%) b % 44 Bk 187 48 & h(/)i“;ﬁ ?

(b) (10%) & A1Z 3 x(D=e u(r) » B & i B (1) B AT ?

3.FM B#z4eh k3855 @ A 88—108 MHz » 41238 a938 K A 200 kHz » A2sh £ 4201
% (superheterodyne receiver) ¥ M ey ¥4A4A K f, =10.7MHz.
(a) (4%) BdiEdomn A E RS (LO) THB|EZHHE -
(b) (6%) 4o R A8 R de $k3E% A 102MHz o9 EH ML A EZRS 2 W H4EAERA S
b7 ¥ 45138 %F (image frequency) A % b ?
(10%) #HE B0 S H IR B L EA % 4o/ MR & 421% 335 (image signal).

-A O<t<T/2
4. 4ok 48 (baseband) 3 s(1)=< A T/2<t<T
0, (<0or(>T

Hb 48 T 3BHRH» 0 &9F S 354 A TS &S (matched filter) 3%t — 48 & 123 0%
% (optimal receiver) A8 R SE3NIE o

(a) (4%) & &% s() 2k 5 s(1) A& % MR(band-limited) & 85 IR (time-limited) 33§ <% ?
(b) (3%) 3% s(1) 9EmEEAS D 7

(€)(6%) EHBU BT ETIE » L5 I CEE L S AEEE -

(d) (7%) fEsxshhofbiRT A Zug St EE E B BEA B2 b & -

S. AR —EHMERRELZERA

s (O=a g (O)+bg (1), 0<i<T i=1234

EE 90 R ¢,() - EZKRHH: (0, b) Hw@THRMESH A (0, 0), (0.a),

(@0) & (a.a) £F a>0 BE#H - BREEEERIKEHE -

(a) (4%) AfEFEMELELEEI»H  URLIHBE A2 REM (decision regions).

(b) (4%) 3t E 41884 F (energy per symbol), E; .

(c) (6%) ++ B 7 uF-34442% 4% % (average probability of symbol error) P

(d) (6%) #1153k M5 L 4% (Gray encoding), i3t B4 AWGN i ¥ § ) 2 {1 744 5
& (bit error rate. BER).
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