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A random signal s(f) with an rms value of 10V has a dc value of 6V. Find the rms
value of s,(f)=s(9)-6, i.e., when the dc component is removed. (10%)

2. Under no-load condition a dc generator has a terminal vqlfage of 120V. When
delivering its rated current of 40A, the terminal voltage drops to 112V. Find the
Thévenin and Norton equivalent circuits of the generator. (10%)

3. Work equal to 136 joules is expended in moving 8.5%10" electrons between two
points in an electric circuit. What potent1a1 difference does this establish between
the two points? (10%)

4, A unit of power used for electric motors is the };orsepower (hp), equal to 746 watts.

How much energy does a 5-hp motor' deliver.in two hours? Express the answer in

MJ. (10%) oo :

f R

- - L P L

5. For the coupled circuit shown:in Fig. 1, find the.input impedance at terminals ab: "
(10%) ) - '

- -_— — - -

Fig. 1 v

6. A three-element circuit consists of R=5( in series with a parallel combination of L
and C. At ®=500 rad/s, X;=2Q, X=8¢2. Find the total current if the applied voltage
is given by v = 50+20sin 500#+10 sin 10007 (V). (15%)
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7. Find the Z-parameters of the two-port circuit shown in Fig, 2. (15%)

Fig 2

8. The circuit shown in Fig. 3 is:in resonance for two values of C when !
of the driving voltage is 5000 rad’s.
(a) Find these two values of C. (10%)
(b) Sketch the admittance locus diagram as the*value of C varies fron
illustrate this fact. (10%)

ao
’ " 06umH ’ C
50 40
bo
Fig. 3
oy
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1. Figure 1, the switch is tumed on whenever ¥, >V, /2, and turned off one-half cycle

later. Please give the average output voltage. (20%)

2. Please give the circuit of Cuk converter and give the relationship between average input and
average output (need derive it). (20%)

3. A buck converter is used for a telephone switch system. This system requires 5V at levels
between.50W and 500W. The source is 2 nominal 48V bus. The bus might vary by +20%.
Select the output capacitor value to provide maximum output ripple of +£1%. (Assume that

Pin=Pout, switching frequency is 50kHz, L=50uH, and ESR of output capacitor is neglected) |
(20%)

4, Figure 2 is an ac regulator with a resistive load. « is the delay angle. What is the output
RMS voltage? (10%) This ac regulator is used for a baseboard electric heater. The heater
provides up to 5kW output with 240V input. What is the output power as a function of
delay angle for this application? (10%)

5. Figure 3 is a general m-phase midpoint rectifier, what is the average value of v,(#) 7 (20%)
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1. An area of an interconnected power systerh has two fossil-firel units operating on economic dispatch,
The variable operating costs of these units are given by '

c =11t 0.02P7 for0 <P, <100 MW
6Py $/hr  forPy >100 MW
C, =0.03Pf $/hr
and the units are subject to the following inequality constraints.;. ' ' o -

100 < P < 500 MW

50 <P, <300 MW

where P; and P; are in megawatts.

(3) Determine the power output of each unit, the incremental operating cost, and the total operating
cost Cy that minimizes Cr as the total load demand Pr = 700 MW. (10%)

(b) Rework part (a) if total transmission losses for the power system are given by

P =2x107*PE +1x10™*PZ MW . (10%)

«
-

2. A 1000-kVA, 24.94 kV-480Y/277 V, three-phase distribution transformer has taps on the high side at
nominal, +2.5%, and 5%, The transformer impedance is 1%+76%. The actual high-side voltage is
242 kV phase to phase, Calculate the following:

(a) Actual voltages on the low-voltage side under no-load conditions for each tap setting. (10%)

(b) Actual voltages on the low-voltage side at full-load 0.9 lagging power factor for each tap setting.
(10%) )

3. For the system shown in Figure 1, directional overcurrent relays are used at breakers B12, B21, B23,
B32, B34 and B43. Overcurrent relays alone are used at B1 and B4.
(2) For a fault at P;, which breakers do not operate? Which breakers should be coordinated? (5%)
(b) Repeat (a) for a fault at P,. (5%) !
(c) Repeat (a) for a fault at P;. (5%)
(d) Explain how the system-is protected against bus faults. (5%)

load load load load
L1 L2 L3 L4

Figure 1
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4. Two balanced Y-connected loads, one drawing 10 kW at*0.8 lagging power factor and the.other 15 k!
at 0.9 leading power factor, are connected in parallel and supplied by a: balanced*thiee-ph
Y-connected, 480-V source. ; c
(a) Determine the source current, (10%) o T ‘ !
(b) If the load neutrals are connected to the source neutral by a zéro-ohm neutral wire through
ammeter, what will the ammeter read? (5%)

2
5. Show that the total instantaneous power delivered by a three-phase generator under balanced operai
conditions is not a function of time, but a constant. (15%) , - :
6. Determine the 4 x4 bus admittance matrix for the circuit shown in Figure 2. (10%)
40 *
] ry 3 " - ' E
1 10 2 1a 3 ] ’ : _ * |
WA . i}
2 -j4Q )
30 ] X .
(D 20 = -i20 jnre’ @) 4,
] !
- Mere v I - '
. = . it t ) }
- - - -

- -
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15 kW

-phase

1. Find the general solution for the following differential equations. (20 %)
\gh an (@ »*—6xy+(3xy—-6x")y'=0.(10%)
(b) y™8y = xcos(3x). (10 %)
2. There are two solutions that are solved for the equation, y"+xy =0, in the
srating power series,
L L S N
180 12960
1 % — 1 i
504 45360
Can you verify the solutions are linearly independent ? (10 %)
3. Find the Laplace transform for the following function (10 %)
f({) =e'[1~cosh(28)].
4. Find the inverse Laplace transform for the following function. (10 %)

FO=Ga .
5. Find the steady-state solution y(f) of »"+0.02y'+25y =r(t), where

y,(x) =1——é—x3 +

1
Y(x)=x —Ex“ +

T .
t+— if -m<t<0, )
r(t) = ‘:'r and r(t+271)=r(t). (10%)
-I+E if O<t<m, .

6. True or false. Give a reason or a counterexample.
(a) Ifthe columns of a matrix are linearly dependent, so are the rows. (3%)
(b) A symmetric matrix times 2 symmetric matrix is symmetric. (3%)
(c) The inverse of a symmetric matrix, if exists, is symmetric. (3%)
(d) Let 4, B be nxn matrices.If AB=B,then A=1I (I isthe nxn
identity matrix).  (3%)

-3 3 0
7. The complete solutionto Ax= { 3:| is x= lio] + c[z], ceR. Find 4. (10%)

8.
(a) Find a basis for the subspace W, of vectors [a b,c,d]” with a+c+d=0
(6%)
(b) Find a basis for the subspace W, of vectors [a,b,c,d]” with a+b=0 and
c=2d. (6%)

v (c) What is the dimension of the intersection W, N\W,. (6%)
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1. For the circuit in Fig. 1, I, =1mA, V=15V, and the transistors have £=150.
(a) Determine R. (10%)

(b) Determine the percentage change in I for a 50°C change in temperature if
V,z changes by 2.2mV /°C and all other parameters are unchanged. (15%)

2. The enhancement transistors in the circuit of Fig. 2 have I, —IOO(VGS -3l uA.
The depletion transistor has 1, =100(V4 +1)’ 2 A. Determine 1. (25%)

3. The transfer function of a circuit is given by
=33
T(s) = 2x107s
(1+5)1+s/100)1+5s/1000)
(a) What are the gain and phase margins? (15%)
(b) Is the system stable? (10%)

4, Determine the transfer gain LAC) for the circuit in Fig. 3. (25%)

L3 (S)

Voo +10V

Q3

I, B [ ] o

{ oo

Fig. | | F.? 2
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1. Give the definifions (or the concepts) for the following terminologies. (20%)“'
.(a) state controllable... (5%) ° - : (b) linear time-invariant systems. (5%)
(c) gain margin. (5%) _ (d) root loci of linear systems.  (5%)

2. Forthe following circuit shown:in Figure 1; solve the following problems. (30%)
. (a) Write the state equations and output equation, where the state variables are X, X,,
. and X,, the input.variable is _u(¢) _and the output variable is. y(#).. (10 %)

(b) Write the transform function, G(s) = ':: ES; . (10 %)
- - s

(c) Find the ;erb-s{tate response of y(t) for C, = 10 F C,=1F,L=1H

R =Tl'6g and _u(t) = H(9), where H() is Heaviside function. (10 %)

Wi

. ! Figure 1’

3. Use the root-locus method to.show that - - . o

(a) thepolynomial s*+s*+s+2 hasone real root in the mterval (-2, - 1) and a pair
of complex-conjugate roots with real part in (0,1). [Hint: Write the polynomial as
s +57+ K(s+2) with K-l] .+ {10%) .

(b) the polynomlal s* +25% ~155% 452 =255 ‘15 has three real roots in the intervals:
(3, 5), (=3,0), (—»,~5), ‘and a pairof complex con_]ugate roots with positive real
part. [Hint: Write the polynomlal as s° + 25 —155° + K(s* ~25-15) with

k=] 7 (o%) B
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4 Con51der a plant w1th transfer functlon G(s) =

-

‘C{(s) .. such that the closed-loop transfer ﬁmctlon from the 1nput- 7 +to the'output y is

We want to des:gn a controller.

h

(s+l)(.v 1) *

O T S
S

" {a) If-we implementG;(s) in.the.unity-feedback configuration; shown .in Figure 2,
t « . find C(S) (10%) LY P A V= vor
(b)) Give d'redsor’ ¢ why the implenientation-in Part (2)%s practically unacceptable. (5%)

Y
- — ' ¥
' . 2 - b1
5. Consider a plant with {ransfer function P
A . o '_l‘ -- 1 L
' 1
G(s) =~ !
(s)= e
Design a proper compensator of "degrggsklz',lC(s) =s—;—f£—;’;, and a gain K such that th

closed-loop system in Figure 3 has all (three) poles located at —2 and the output y

will track asymptotically step reference 1nputs (r) $ (15%) o
TS ¥ a1 BT S A R BRI SN IR
r~ ‘,.‘on.{l M .-“_l \ ik LRI - N $ o Ly oo,
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1. (16%) Which of the following vectors in R , are linear combinations of v,=[1,2,1,0],
v,=4,1,-2,3], v,=[1,2,6,-5],v ,=[-2,3,~1,2], explain your answer.
(a) [3,6,3,0] (b) [1,0,0,0] (c) [3,6,-2,5] (d) [0,0,0,1]

2. (17%) Let L:R , — R, be defined by L([a, b, c, d])=[a+b, c+d, a+c].

Find a basis for range L. !
1 -4
3. (17%) Determine the singular value decomposition of A=[ -1 2
2 4

4.(25%) —fB{E%iH N &l bytes » N BT HHSBR(1-p) - 7REA »

PIN=kl=(-p)p* » H NZIEAERR g, = 0,1,2,+} - BEFEEREBEGEYIEIIY
PREME (packets) » SHIMIRAREER Mbytes © 45 Q B— {52 HHI(M bytes)UlH - R
R THY bytes BB E Gk M bytes TR — B 22 a) - 30k

10% (a) Find the joint probability mass function of R & Q, i.e., P[Q=s, R=r]=2.

10% (b) Find the marginal probability mass functions of R and Q, respectively.
5% {(c)Are R & Q independent? Verify that.

5. (25%) W{HEE A & B » P(AYR P(BY>0.
5% (A) THEHMEMRAETREFIE A B B 2N (1) PANB)=P(A)P(B) (2) P(AB)=P(A)
(3)P(AB)=P(B|A) (4) P(4|p}=P(4]B) (5) LALETHIE

5% (B) % A kB RERH{(FHMPA)K P(B)ZH » Al P(AUB)=?

5% (C) % A B B ZR1I#Y HH P(A) K P(B):ZfE » HI| P(AUB)=? )

10% (D) % P(AB)>P(A)EAFIFIET P(BIA)>P(B)? FERAAEIE A4 P(AIB)<=P(A)FR
w{E{T iR 7
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n+—%¢f§m%ﬁﬁﬁiﬂ)\%%:ﬁ@ I - HSTALHEED

. EIRBATIE R E” (odd parity check) » B —1p3EE 2 - (5%)

. kA 2 G E
(a) (011001)2 — (000101)2 - (5%)
(b) (1001)2 — (11101)2° (5%)

: CPU N AT EGYFR? Hd CPU BEMEME (ALY iE
ZHE) ENARPATH S EFE - (15%)

CERH x ZWAUAS X d BHR |x-X|<1077 WBAESEH - B

7 IX <1077 WMBAEEZ Al d R r HHRE x 8 X 2R

EMATER? (R x = 1790 X = 00111 AR Z) (20%)

. (a) WA A& (truth table) sy 7 R REA A A 44 F ¢ Dellorgan’s laws < (4%)
(b) #38H AB+A'C=(A+C)A' +B) = (4%)

. HBETILHE -

(a) Binary Search Tree < (3%)
(b) Complete Binary Tree - (3%)
(c) Biconnected Graph ° (3%)
(d) Internet - (3%)

(e) HTML - (3%)

(f) TURL-(3%)

. BE-ERF

(a) ‘ﬁ‘#l.ﬂﬂﬁun:}&?#ﬁlﬁ)%'-(topologlca] order) = (3%)
(b) %% HiadkdE Ak (topological sort)éy sk » (4%)
() HAE 1 FAMARRI A G 5k - (35)
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1. (20%) APCM (pulse coded modulation) system uses a uniform quantizer followed by
an 8-bit binary encoder.-The bit rate of the system is equal to 64 x10° bit/second.

(a) (10%) What is the maximum message-bandwidth for which the system operates
satisfactorily?

(b) (10%) Determine the output signal-to-(quantization) noise ratio (in dB value) when a
full-load sinusoidal modulating, wave of frequency 1 MHz is applied to the input.

.
—I il

‘ m sm(k——)
2. (20%) Consider the SIgnal x(t) Z——a(r k—)
k=—o k____
4

(8) (5%) Determine g(t)such-thatx(t)z(-%)g(;)_' e

(b) (15%) Use the multiplication property ofithe Fourier transform to argue that “X(jw)
is periodic. Specify X(jw) over one period.

(Hint: FT{ 25 (t-nT )i = -2;-25 (w —2?)—, where FT denotes Fourjer transform.)

3. (10%) What absolute bandwidth is required to transmit an information rate of 8.0 kb/s
using 64-level baseband signaling over a raised cosine channel with a roll-off factor of
50%?

-

4. (20%) The signaling of a binary system uses the following pulses to reptesent the
equally probable symbols 1 and 0, respeclively.
si()=4, 0<t<Ty,
s()=-24, 0<t<Ty,

where Ty is the bit duration. Assume the signal is transmitted through an AWGN

channel with Ny/2 noise power spectral density.

(@) (10%) Sketch the block diagram of the receiver for baseband transmission of the
binary wave. Be sure to give the impulse response of the matched filter and the
decision threshold.-

(b) (10%) Determine . the conditional error probability when s1(f) is transrmtted
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v5. (20%) The modulated signals in -a quaternary .system are given t
« 5(0) = acos(2af.t) + bsin(2af.1) . for 0<¢<T, where a=21 and b=22. Assume
signals are transmitted. through -an AWGN channelvwith Ny/2 noise power spect

density. C T

(a) (5%) Plot the signal-space diagram for the signals. ' '

(b) (10%) It can be noted that each transmitted symbol carries two=bit information. |
Gray encoding the transmitted symbols, determine the transmission en
probabilities for the first and the second bit, respectively.

(c) (5%) You might have observed that'the'two bits have different error rates Descri
possible applications of such signal constellation.

6. (10%) 1t is known that the baseband power spectral density, of an-M-ary PSK signa
-.given by Sy(f)=2E,log, Jl»fsmc’(belog2 M), where Ty is the - bit 'durati

o !

Starting from this equation, detenmne the bandvndth eﬁ‘icxency p for M= 2 4, 8,

and 32, respectively. L -

'l LI _- - ' - . L S
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L(30%) Reading comprehension 1 '

(1)Current moves from a point of hlgh potential energy to one of low potential, It can only .
do so if there is a path for it to follow. This path is called an electric circuit. All circuits contain
four elements: a source, aload, a transmission system and a control.

The source provides the electromotive force. This establishes the difference in potential
which makes current flow possible. The source can be any device which supplies electrical
encrgy. For example, it may be a generator or a battery. . T

The load converts the electrical énergy from the source into some other form of energy. For
instance, a lamp changes electrical energy.into light and heat. The load can be any electrical
device. . .

The transmission system conducts the current round the circhit. Any conductor can be part
of a transmission system. Most systems consist of wires. (2)It is often possible, however, for the
metal frame of a unit to be one section of its transmission system. For example, the metal chassis
of many electrical devices are used to conduqt current. Similarly the.body of a car is part of its
electrical transmission system.

The control regulates the current flow in the circuit, (3)It may control the current by hrmtmg

it, as does a rheostat, or by interrupting it, as does'a switch.

Study ﬁgure 1. In this simple flashlight circuit, the source comprises three 1.5V cells in
series. The load is a 0.3W bulb. Part of the transmission system is the metal body of the :
flashlight, and the control is a sliding switch. ) ' . .

Compare figure 2 The function of this circuit is to operate 2 television camera aboard a
space satellite. Here the source is a battery of solar cells. A solar cell is an electric cell which
converts sunlight into electrical engrgy. The load is the television camera. The transmission "
system is the connecting wires. The control is a-relay actuated by transmissions from ground
confrol, Although the function of this circuit is much more complex than that of the ﬂashhght it

too con51sts of the four basic elements Lo 7y s
control
wires ‘ . . i {relay — ] - '
l swit battery | - . telavision )
- ch .source of"solar . camera loed -
- ' cells . ,
45y = @03W'bulb._ R . .
L - wires
torch body transmission system
FIGURE 1 - FIGURE 2

A, What do the pronouns in‘boldface in these sentences referred to?.
1. Current moves from apoint of high potential energy to one of low potentlal (4/.
{(3) current  (b)energy (c)a point (c)potential .o -
2.1t is often possible, however, for the metal frame of a unit to be one section of its - »
transmission system. (5%)
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(a) the metal frame’s  (b) the unit’s (c) the circuit’s  (d) the conductor’s
3.1t may control the current by limiting it, as does a rheostat, or by interrupting it, as
switch. (§%) =~ = B L '

(@) current  (b) control  (c) current flow  (d) circuit

B. Decide if these statements aré true or false. Qliote from {lic passage to stipport your d
1. A difference in potential is required before currént can flow in a circuit. (2% )
2. A generator is a source of electromotive force. (;"Z: )
3. The current flow in the satellite circuit is regulated by arelay. ( 1%)
4. Transmission systems must consist of wires. { }.‘yo )
5. The flashlight circuit differs basically from thé satellite circuit. -( -}-70 )
6. A rheostat may be used as a ¢ontrol. ( )_"/, ) } )
7. The source in'the satellite cifcuit is a solar cell. (2%, )
8. The load in the flashlight circuit is abulb. (5.9,

r

IL (40%) Reading comprehension 2 :

v If two crystals of a semiconductor rﬁaterial, one of p-type-and one'of n-type, are joine

together, a pn junction is-formed. This junction canbeused as a rectifier and is known as a
junction diode. ) o

Figure 3 illustrates what happens when a voltage-is applied across a silicon pn junctio
The first quadrant of the graph shows the characteristics of the diode when the source isc
with the positive to the p-sidé of the junction and the negative to the n-side. In other words
diode is forward biased. Withy forward bias, the _gfmrenf ‘will continue fo rise with increased
but eventually a point'will be reached where the diode is destroyed by heat.

The third quadrant shows the characteristics when the source is connected with the po
the n-side and the negative to the p-side. When the diode is reverse biased, there is almost1
current flow. The junction is therefore a good rectifier: it conducts
well in one direction and almost not at all in the other. However
there is a small reverse leakage current. This leakage current
remains substanti:;]ly constant until what is known as breakdown
voltage (VD) is reached.’At this point there is a sharp increase in reverss voltaga (V)
the reverse current. This sudden increase is called the Zener effect. BB

- 10 21
Normal diodes are never operated in the breakdown region f ‘| forward

farward curl:ant {mA)

but Zener diodes are designed to make use of the breakdown
phenomenon, Because any-slight increase in voltage beyond the-
breakdown point causes a large increase in current, Zenerdiodes

{1} JUBLMD 0kIGASE

are often used as a kind of overspill to protect sensitive circuits

, from fluctuations in the power supply. FIGURE 3
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A. Select a word from the three alternatives given which is most similar in meaning to the word
in boldfaces as it is used in the passage: {2 0% )
1. characteristics
(a) typical behavior (b) voltage figures (c) graph
2. Substantially
{a) almost (b) greatly (c) hardly
3. Sharp
(@) slight (b) steep “(c) cutting
4, Phenomenon '
(a) voltage (b) effect (c) result
5. Fluctuations

(@) rises and falls  (b) increases {c) failures

15.

B. Complete this description of the current-voltage characteristics of a silicon diode. Use the
passage and Figure 3 to help you. (%)
(B 1): the current increases slowly. _

At first, when a forward voltage is applied, ...( 1). When the forward voltage has
reached about 600 mV, ...(1). If the forward voltage is further increased, ...(2). ...(3)onlya
very small leakage current flows, When the breakdown voltage is reached, .. ;(4). After the
breakdown point, any further increase in reverse voltage causes...(5).

e
ted
C. Decide if these statements are true or false. Quote from the passage to support your decisions. ( 07,‘
'e 1. The first quadrant of the gragh shows the characteristics of the diode in forward bias.
' 2. Yor forward voltages over 600mV, the diode conducts well.
o 3. When the source is connected with the negative to the n-side and the positive to the p-side,
the diode conducts badly. )
4. When-a reverse voltage is first applied, a diode conducts badly.
5. Zener diodes are never used beyond breakdown point.
1. (30%) 3

1, The development of clectrical engineering and computer science has traditionally involved
. the combmed efforts of persons with a wide range of skills and mterests, and future
i development will demand further cross-disciplinary collaboration. { 1% )

2. Photovoltaic(PV, KEE\:E3EE) gives us domestic reserves of energy that we will never
deplete. PV semiconductor materials are abundant. And sunshine, the “fuel” for PV, is
something we can never overtax or squander. ( 5% )
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(1) Find the solution for the following equation. (15%)

%+y=x, y(0)=4

(2) Find the general solution for the following differential equation.

P'-2y'-3y =4x—5+6xe™ ‘ (20%)

(3) Find the following problem by using the Laplace Transform. (15%)

P'-6y49y =1%", p(0)=2, ' (0)=17

(4) Solve the integral equation  f(f) =3 - - J: f(@)e " dr (15%)

(5) Find values of a, b, and ¢ such that the following system of linear

equations has

(1) exactly one solution, (5%)

(ii) an infinite number of solutions, (5%)

(iii) no solution. (5%)
x+5y+ z::0 :
x+6y— z=0
2x+ay+bz=c

1 -4
©® 4, 7]

(i) Find the eigenvalues and corresponding eigenvectors of A. (10%)
(ii) If possible, find a matrix P and D such that D=P ' AP is diagonal.
' (10%)



