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(1) Find the general solution of ‘ .
zy' +2z+y =0 10%
| .
(2) Find the solution of ‘ s
. ' 2 .
-y — 8y’ + 16y =8 sin(2z) +-3¢'%;  y(0) = = y'(0) =1 15%
’ 3

(3) Find the inverse Laplace transform of the function In{1+ &) a8 10%

(4) An RL circuit and voltage source v({t).are shown in T igure 1, where R=4 ohm,
L=1 henry and C=0.05 farad. Assume I(0)=0, find the current I(t)=?

v(t)

1 .

10%

Figure1 - .
/
(5) (i) Find the eigenvalues and corresponding eigenvectors in Figure 2, where R=§ ohm,
L=1 henry, C=0.5 {arad: ‘
(if) Filid the initial values of i;{0) =7 and V.(0) =7, if V,(t) = 2¢= volt.’

L, _ .
L SOA .(_/——\ ' e
|/—\;_— ij M J/ S
L Voo . :
‘ 1 R ¢ :
- — .,-..-“.- - — i - - +

~ Figure 2

(6) (i) Find out what type of conic-section the following quadratic {form represents
and-transform it_to-principal axes:- > '
(ii) Express xT = [z, z,| in terms of the neéw coordinate vector y7 = [y ya.
Q =222 + 23z iz, + 422 =5 . 15%

(7) Find the Fourier series of the function T
J(z)=z+nm if —wr <z <7 and [{z-+27)=[(z) 10%

(8) Find the Fourier cosine and sine integral of f(z) = e~k . 15%
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1. BRI
—H IR EZEI FRBIOEI—FTR ﬁlﬂlkﬁﬁ?%ﬁtfﬂyﬁ?ﬂ P+_jQ

(1) B P LQEE V|, 5, Vo, 8, 2 §E o HUEER B :
P=f(Vy, 0, Vs 82,2, @) Q=g (V) 8, V2, 80,2, 9):.  (15%)
() 1 BREEGHERAGIRAEVTHE (Swing Bus) * HBEIBKRAME v, = 1.0/00 BIfE
FAIBHT z/ ARFBREZHIIE p+jQ MR » FHtiHarr] FHigE-fi
iHF% (Newton-Raphson) fiFEFEAR kA FEAE . -
' PV, 8) R Q=g(Vy, &) : (15%)

2. RS
B B0 7 AR+ HecR I S T A -
(1) SRR STOUSRE S=10 +]0.2 p.u. » SSHEASE CB1 ERBIBIFET

FE o SET RR A AR A S, - ¢15%)
(2) FETRVELE. o T4 ZATIRERS  CLFRRGER SR CB1 Bt CB2 EMEDHRE AR -
SRE[ B TSBRAIEE (critical clearing angle) ° LT (L5%)
3. REIEEEE .
—zﬁ% 110 kW, 2300 V, JEP_EIM 60 Hz * Y?XZIﬂEE::U HFFEIJJ{&ZHLL g
i

U WK IR E ISR F 2 22 2
BOBTE =81 A iU =3025 W
a’ﬂﬁ BE 15 Hz 2 BETUEEG
*m IR =268V BRERL=52.5A =L =192 kW

- TS B - 235Q

%Ebﬂﬂﬂﬁa&aﬁﬁfﬁﬂﬁﬂdﬂi‘{ﬁéﬁﬁ;ﬂi% iR 'I'ib.r. SR 2.85% I + BRI |
PRI R - . (20%)

T
IR E] 2 SR A T > BT AA UFUH‘J/’B? C IR Xg=1.8 p.u. 92 X =
1.65 pu.! lLLy}FEt&%‘“— X=1.65 p.u. ZEHL ﬁ{:"~5fl[§35£f:‘< (BIE V., =1.0

p.uy 3 JL BV B AR R UJ% 0.9 ¥ » FTEH YRR
(exc1tatlou voltage) Z@QL ° . (20%)

L)

=
—
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[. The circuitin Fig. 1 has V=600V, Vo= 0V, L =20uH, C = 50pF, and 1= 350A.
.Delermine (a) the peak capacilor vollage and currenl, and (b) the conduction lime ol
thyristor T'. . ~

-

Fig. 1 'o |

2. A resistive load is (o be supplied Trom a phase-controlled rectifier. A slcﬁ-down
teansformer connecls the 480V (rms), 60Hz, source Lo the eclifict. Peak sccondar)'f
vollage to the load is required to be 100V. The load resistance is 102, The value of the
phasc controt angle is 30°, - '

[5%

-

(a) For a bridge rectilicr conneeled Lo the sceondary windings, lind (he primary ani

bl —

scecondary power faclors. i N
(b) For a lfull-wave rectilicr with u cenler- ldppcd lmnslmmm find the pnmmy and
SCCOllddl y power f[actors,

3. A single-phase [ull converter is used to control the speed of a Shp, 110V, 1200rpm,
scparalcly exciled de motor. The converler is conncgled {0 a single-phase 120V, 60Hz

supply. The armature resistance is Ry=0.5Q and armature circuil induclance is

La=5mH. The motor’voltage constant is K® = 0.09V/r pm, Assume Lhe molor cuuenl

is ripple-lree. : : ) vt -

15%

(a) The dc machine operales as a moloryruns al 1000rpm, and carries an al"malurel'
,__: current of 30A. Dcelermine the firing anéle a and the supply power faclor,
(b) _{‘;%enclglive braking operalion at 1000rpm is oblained by [ield reversal. The
molor curréntig 30A. Delermine the firing angle and the power [ed back to Lhe
“supply al lOOOrW"“"‘-’ — . '
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4. (15%) A buck -'boost chopper supplies 100W at 50 V to a resistive load like that in
Figure 4. {romn a 35-V source; T 200 ps and L = 700 pH. Find: (8) the value of D _

(3%); (b) Imm and Iyax (5%); (c) avarage swllch current (5%); (d) avernge dlode current
(2%) . ; . + ' -

5. (15%) A single-phase ac voltage controller in Figurc 5 has a resistive load of R = 15 £1
and the iflput voltage is Vs = 120 V, 60 Hz. The delay angle of thyristor Ty is o= w/2..
Determine the (a) rrms value ofloulput voltage, Vo (5%]); (b) input péwcr factor, PF (5%);
and (c) average input current (5%), ) '
0. (20%) A single-phase bridge inverter in Figure 6 las a resistive load of R = 2Q and the
de inpul vollage is V5 =48 V. Delermine the (a) rms output voltage at the fundamental
frequency, V) (4%); (b) outpul power, Py (4%); (t) average and peak currents of-cach

transistor (4%); (d) total harmonic distortion, THD (4%); and (e) distortion factor, DF
(4%). ‘
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Figure 5.
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1. For the circuit of Figure I, find the voltage gain Vo/ Vs, the input resistance R:-f , and
. the output resistance RLJ. The op amp has open loop gain ;& = 10* V/V,, It;y = 100
K§, ian-="00, and 1, = 1 K82 (12 %)

—

2. Plot the bransfer characteristic V, — V; of the circuit in Figure 2. (8 %)

3. Find the logic [unction implemented by the circuil shown in Figure 3. (

6 %)
4. "Che op-amyp sysl.em-of Figure 4 has a gain [unclion thal is

: 109 + K¢

) = oy

R=1Kand C=0.1 pf.

-

(a) Determine the closed-loop transler function V,(s)/Vi(s). (7 % ) C e

(b) Find the value of & above which the closed-loop system becomes unstable. { &

%)

PR

5. Consider an' NMOS invert with enhancement loa:d having Vo =1V, (VV/L)l =4,

(W/L) = 1/4, pnCox = 20 pA/V?, 2¢; — 0.6 V, =05 Vi a-rldW/gb =5V.

M“(a):ﬁggre\clziﬁghthe bady effect, find NMjr, and NMg. (7 %)
N —\\‘hj-ﬁ’\\ *
(b) Taking the body effect inlo account, find the modified values of Vo and N My
(5 %)

f -

6. erte the l.mns[er function of a second-ordér nolcl filler as shown in T’ igure 5 for
wh1c11 the dc ga.ln is unity, the.pole [requency is 10 md/s the pole Q is 0 5, a.nd the

Lra.nsmlg_s-ron is'zero at 100 rad/s. (10 %)

_i_'__‘__—i—m;. S _
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7. A FET swilch is conneci&éd with two Joad resistors as sh?wn in Iigure 6. The inlent
is to provide somewhat.complementary sihgna.ls at X and Y; that is, when-one ri‘ses,
the other [alls.. For the FET Ipss =10 mA and Vp = —.2\}‘1—';0[ the diode, wlien
conductmg, Vp = (.7V+ When the diode is cut off, what are the voltages at X and
Y? Wha.t vollage is rcqulred al A lo ensure thaf the diode is barely cul off (dlode

voltage is zcro)? What voltage on A is required o causé the JFET to cut off? What

»

-

voltages on X and Y result? ( 15 %)
8. In the-circuit of Figure 7 all devices are nfa.tchccl. Find the value of Vo. (10 %)

9. Wrile the Lransfer Linction for an amplifier having a gain of —I00 at midband and
a low-frequency response characterized.by zeros at’l and 10 rad/s (on the negative
real é.xis)‘aj:.d. poles at 5 and 100.rad/s. What is the dc gain of this amplifier? What

o

is its 3-dB [requency? (15 %)

P = ’ . . -
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(B 209)
Find the transfer, functions, g(s).= xi(s)/{(s) and gp( ) = (-s)[f(s), for the
translational mechanical system shown in Fig. L.

Consider a linear time—invariant system that is described By T
x(t) = Ax(t) + Bu(t)
where x(t) is the state vector , u(t) is the input vector, and A and B are matrices
of appropriale dimensions, If a nonsingular transform x = Py is nsed, then the
above slale equations are translormed into
j(t) = PAPy(t) + P~'Bu(t)

‘Show that the characleristic equatlon and the eigenvalues of A are thie the same as

those of RTAP.
Suppose that tle input—output transfer function of a linear systern is
C{s) . 84l = -
81 §9449245542
Write the state equations for the.above systein such that tlie system is state

-

controllable. : .

Write the state equations [or the a.bove system such that the systemn 13 stale

. observable. - ’ . - . .

Can you write the state eqiations such that the system is stale conlrollable and

observable? If not, explain why. .

F"_ﬁ‘* 1

My= 1 kg |—wf(1) -

Ky= 1 Nfm e :L——f-o-o-o_o-\—

R o oy {200 i T o |
U ) U VRN Iy A N DU O et S | lll—lllflllrrj_ll'-f -[—l

18 ke |
I al

) "'_"’- aq(n = {0
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4. Pind the 1nput~output transfer function relation for the sugnal graph Bl;own in
e . B N

Flg 2, . Co- 3
(a) -L&- : .- |
¥ : . T ) |
" 4 .
(b) Lo f
2

: 5 Consider the transfer [unction of a linear process ‘

| : 10 ~ ‘ s ‘
Il Cple) = a7y T !
Find "a state [eedba.ck cont[oller such that the closed-loop system satisfies' the

:
ol

[ollowing 'apec1{1ca.t10ns

(2) 20% overshoot..
(b) settling time == 4 seconds

(c) zero steady—state error for a step input.
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1. (15%) Find a unit vector petpendicular to the plane
dx+2y+4dz =-~T7., -

Justify your answer.

*- - ..‘
2. (lS%]Solve the system of three llnear equations in four
' unknowns:

3.0x; +2.0x2 +2.0x3 — S.Ox., = 8.0 « 7 .
o 0.6x + 1.5x3 + 1.5x3 - 54%4 =2.7
’ 1._?.).‘1,-- 0.3x2—-0.3x3 4+ 24x5=2.1

Is there a unique solution? Explain your answer.
v ‘ P——

-

3. (20%) Let AnAz,...A, be the .eigenvalues.of a given matrix 4.
" Prove that the inverse 47!* has’ the eilgenvalues lfll,lf?uz, I/A,.

4.- (iS%) Let X, X, and X be three i.i.d. raﬁdom variables
and - each has the pdf flx)=2x0<x<1, zero elsewhere Define I to-
be the maximum of Xy, X1, and X3. Find and‘sketch the
probability density and-distribution functions, fr{y)and Fy(y).-

——

5..{20%) Two continuous random variables X and Y have the .
" .joint density given by flx,y)=ye?I*y(x)u(y). Defihe the
fallowing twd events A={X>2} and B={Y>2} .
. 'a\‘P:f:e»“A-and B-'statistically independent?
—\“-...-,_,; - hnlN
——

-

£

6. (lS%J Three falr coine. are tosged. Let X denote the number
of heads and Y the number of ‘heads minus the number of
tails. Flnd the jOJ.nt probablllty dlstrlbutlon of X and Y.

-
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(15%) The nonlinear system decsribed by
HO) =x() +x%(1)
has an‘input signal with thedJowpass speétrum

X) = {1, <20 .

0, . otherwise . -

.
- *

Sketch the spectrum of the output, 1abellng‘all 1mportant _
frequenc1ee and amplltudes. " . ‘ -

.‘(

Ve

(20%) Two signals si(f) and s:(0) 5 deflned on U)I), are glven
by -
s1(0) = , | 0<t<T/2 . _ ) . -
. [—A‘ << =~
and . ~
sz(r) { <t <T/2
A,. TR<t<T

1

Assume the signals are transmitted through an AWGN ‘Ghannel,

la) {10%) Find the matched filter impulse response he(f) for

#»*the two.signals.

(b) (109) Assume the two signals are equally probable What .
is the optimum threshold that, minimizes the average
probability of error?

£

(15%erh£ee 51gnals sﬂo,sﬂo,and s3(f). are given in Flgure 1
fa) (10%) Find.a_set of orthonormal basis functions
corresponding to the signals shown below. '

(b} (5%) Express 31,52, and s1 in terms of the orthonormal
basis set found in part (a)

- -
A

1
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4. {15%) The input. to the RC circuit shown in'Figure 2 is
Acos(w,f) plus white noise with double-sided -power spectral

density Ny/2. Compute the SNR at the filter output in terms
Of NU| A R C andwc' x 3 -

{ Note: .J‘(l +x2)“ld;=lan"lxt' B

. H - R, : "
) input C == Oulpnt e
_4-—:....-""" . ’ i
~ o= - O .
", Figure 2 S
F 5. {15%). The input message signal to a modulator is mf(f)=2u(f),

_,where u(f) denotes'the unit- step function. 'The uhmodulated
. carrier waveform -is 4. um@n&) '
(a} {7%) Assume m(f) is the input to.a PM modulator with
. daviation constant k,=mw2, Sketch the modulator output.

(b)} (8%) Sketch the modulator output 'if m(f) is the input to
an FM modulator with Ernqunncy deviation censtant
fff Wef2err e

- . * ' 5
¥ - ! .

e

-~

'\-——-—’\_‘_-

6. (20%). A commynication system transmits four possu.ble
signals at .equal probability through an AWGN channel..
Assume, using 51gna1 space concept, the four signals can
be represented as the following two-dimensional vectors:
( 2)1 (D 2); ( 2l )t (D "2)--'

L]

{a) (10%) Draw the dac.LSJ.on reglons for each of the elgnals
on a signal space. '

(b} (10%) What is the conditional error probablllty glven
that: the ‘signal (0,2} was transmitted? .
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1. For the circuit of Figure 1, find the voltage gain V,}'V;, the inputresistance R?},'\a.nd
the output resistance R:,f. The op amp has open loop gain p =10* V/V, Ry = 100
t K, Rigm, = 00, and 7, = 1" K% (12 %) ‘

| 2. Plot the transfer characteristic V; — V; of the circuit in Figure 2. ( 8 %)

r \ 3. Tind the logic function implemented by Lhe cireuit shown-'m‘F'\g\ne 3. (6 %) “

4. The op-ainp system of Figure 4 has a gain funcfion that is

10% « I . ]
(1 5/10%)?2 , i

=1 KQ and C =01 pl. , _ _!

[

G(s) =

(a) Delermine the closed-loop transfer function Vo(s)/Vils). (7 %) : :

(b) Find the value of & above which the closed-loop system becomes unstable. ( 5

%)

o

5. Consider an"NMOS invert witlh enha.ncement load ha.vmg Vk, = 1 V (W/Lh = 4,
|
(W/L)z = 1/4, poCox = 20 pAJV?, 2¢; = 0.6 V, v =05 V‘/", and Vop =5 V. |

(éTNEglecting the body effect, find NMj;, and NMg. (7 %)

(b) Taking the body elféct into account, find the modified values of Vo afid NMj;. -;

(5%) . . ‘ . ,— -

-

-,

6. Write the transfer function of a’sécond-order notch filter as shown in Figure 5 for

which the dc gain is Unity, thepole frequency is 10 rad/s, the pole Q is 0.5, and Lhe

transmission iszero~al- 100 ra.dys. (10 %) * '
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7. A FET switch is connected with two load resistors as shown in IFigure 6. The intent

is to provide somewhat complementary signals at X and.Y; that is, when one rises,

conducting, Vp = 0.7V. When thediode is (;ut.ol;f, what 'a.r_e the voltages at X and

. Y? Whal voltage is required a:t A to ens"u.re that the diode is barely cut ol (diode
voltage‘is zero)? What voltage on A is required to cause the JFE’% to CL;t off? What
vollages ;m X and Y result? (15 %) o C —

8. In the circuit’of Figure 7 all devices are matched. Find the value of Vg. ( 10 %)

9. Wrile Lhe i;rnusfcx function for an amplifier having a gain of —100 ab m'xcllm.ud and
2 low- l'requency response characterized by zeros at 1 and 10 rad/s (on Lhe negahve

real axis) aud poles at b and 100 rad/s. What is e de gain ol this a.lnpllﬁer7 “What

is its 3-AB [requency? ( 15 %) .

- . =

10T 1 T1

the other falls. For the FET, Ipss =-10 mA and Vp-= —2V. For tlie diode, when .
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