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. Find the F ouner transfomls of the followmg signals: =

i | gx

t>0

a = =4, "% S(V 1
() x(r) = sgn(?) = {L o ( 0) i[
©) x()=sinc@sgn() .. ... . - ;
where sinc(t)=£t - (5%) - Ty N
R & . - . .

2. Find thé inversé Faurier transforms of the following functions:
(3)S10w) . (5% C

w2+io) | . o
®) ¢ 3‘“"“" cos(2co +8). ) 2 G%). - ‘
T} ‘!i‘ : : ' ’

* 3. Define T:M,,,-(If)—)» M, ,(R) by

o= f[a B))_[a+2b+3c=d . 2a+3b+20%2d ; N

. L Ae @ 3a+c+5d-,;4a+5b ~2c+10d| -

(a) Find bases for the null space and the range space of T. (Tb'%) ‘
1 2 ——

(b) Dose [3 4] ‘belong to the range space of T. (5%), ’

4. Determine whether the matrix S

} 0 =2 -3 e : N
‘ ) A=[1 3 3 ) |
- - -0 0 1
|
!
|

is.diagonalizable and ,if it is, find a diagonal matrix D and a matrix O
such that~. @~ 4Q =D, - (15%)

[

e

-

%‘,\m\-‘\ .
5. Solve the following differential equations: —

2y + 2%y ~x y - - o
(a) 21y ajz+ ~dx = 0, (10%)

X +y*

(b) y"(x)-y'(x) 12y(x) = sinh(4x), ..‘(10%{. |
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6. For the’ followmg dlfferentlal equatlon apply the method of Frobemus -

to find . .

(@) the indicial equation  (5%) , _ )

(b) the recurrence relation (5%) :

2xy"(x)+(2;c'-;- l)y (x)+2y(x) 0 o nre . .. .:"1’: )
‘ ST TR Y SR
- :? + ' rr:- l hd’-‘ B ‘ .

= o 1"41-- .f_-a.., .Y T L

-~

7. Find the Laplace transform of the functions:

@ SO = sz, (5%)
0 Y ifr<l
®) f6)= {(t: N2-n i<z (%) |
. . 0‘ if‘tZZ - - r

8. Find the i mverse Laplace transform of the functions:

) ) 5
(a) (S) = zszi (5%) * ot
(s+1)(s +1) , T T
F(s)= . 5%
Llel” R - 'I“‘L‘:l." Uit . w
— ) Tk -
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1 (17%) &venyﬁctopuandv N S T - i
(a) (6%) How do yqu determme whether u and v_are lmeariy,mdependent 7 L
(b) (6%) u—( 24,6, 6,-2), v—(2 ”3 1), are they lmearly mdependent ? v o

(c) (5%) u——2—5t+6t2-t3 v=3+2t-4 t2+5t3 are they linearly mdependent”

P b her e, -~ .t UL .
2.(17%) Gwen matnxA
f . g . | i wo_n -
2 -1°71 .. - - -
A=[4 1 3 _
B VS B R X Nt T - ’
(a) (9%) Evaluate:Det A and Det A-l, )
(b) (8%) Whatis tha relation; between Det A'and Det A-1, ’ ~—~—
. 4, F -..—""“"8"“. T e Mmoo Aeas T . e
R A O A S :

3, (16%) Solve the following system of equations by forming the matrix of coefﬂcxents
and reducing it echelon form,

- ‘ YT PO T I PR W
3x+21- z=_0& Lointe soe e s - e e
x- y+2z=0 .

B v
X+ y- 6z=0- ) . ’ ' e L
- -
——— bl e -
1} 3 Y Tras N -
i
- — e
S
5.4 "";s,-.-“-", @ . ~
, 5 -
.amﬂﬁ i r:ﬁ»— - - - ~ B
-
S~ .
—— T . N
-
N
-
.
-
g
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4. (12%) A biased coin is tossed until a head shows. The probability that head shows
in each toss is p, Let X be the number of tosses required for the appearance of
the first head. Find the expected value of X. «

- -
- - R - - Sm o A sl @ e
-t
] - '
N ]

L

5. (18%) A jomt probability density functlon of random vanablesX and Y'is *

| ' firy) = kx+1), _ 0<x<1 O<y<4

and fxy(x,y) = 0, elsewhere. : ' .

2 (a)(3%)Fmdk T T TR
i (b) (5%) Determine if X and Y are. mdependent —
“(c) (5%)-Evaluate the joint ‘cumulative distribution function Fy(0.5, 2).
(d) (5%) ‘Find the cond1t1onal dens1ty function fy X(ylx)

[y s - - -

i'" A ] L ~ * “-‘_t. - -a - - ..

|

; 6. (20%) The moment-generatmg function M{¢) of a random varlable Xis deﬁned as
| the- expected ‘value of e, Assume X has the probability densnty function- -
| .
|

: “-*‘ TR =qe ™ - e
T I B ~: \ﬁ\f(x) a? u(x) .
) T e e Pl T - . < T
; -—~~where %(x) is the unit-step-function. ~..- ;- .,
. P Sz Y b -
< TN
(a) (5%) Determine Mx(f). ™
. (b) (15%) Use the moment-generating function to compute the variance of X.
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1. (a) Express S, and - =S, 'in terms o V V,,Z and Y. (10%) ﬁ et

®) I |71]=1.05 p.u., |V2|=0.95 p.it,, Z=C. 1480°pu r0, 05475°pu R
Find =Py . (10%) . - X "! =t
5 'l Wi - 1, L a. -
(c)If 8,2.=10°, whatlsthe power lossmthe system.,(S%) SR LA Bt
- b - i T R et ,lu’ g : {'3-‘ -
{-l'ﬂﬂ .'L\ = z:] . _ Iﬂ. "f
oo e e - -l =|Vile™
V,(b Netats -YT . % R () Vz = |V2lef91
- ] F . _-_,, + -:: v # - T [—.‘_ = g -~ 912 — el .
S PRy R
S =Sy

2. (a) Assume that we have the following fuel-cost curves for three generating units:
C1(Pg1) =300+8.0Pg; + o.qo‘lsp'm"_ o
C2(Pg;) =450 +8.0Pg; +0.0005P%, 1 s
C3(Pas) =700 +7.5Pg3 +0.0010P%, ,

Neglecting line losses and generator llmlIS find the optxmal dispatch and the total
cost in dollars/hr when theé total load PD 5 :IS 1000 MW. (10%) -~

(b) Repeat part (a), but this time mtroduce thc fo]lowmg generator limits (in MW):’
(10%) A i sl
50 < Pg; <400 R .
50.€ P2 <800 . .
50 < Pgy <1000 ' ‘

(¢) For the system in part (b) and calculate the approximate add1t10na1 cost per hour of
supplying one add.gggnal megawatt (i.e., Pp =1001 MW). (5%)

- e TR
— e e .
e
- - )
F— T e e
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3. A 1500-W 1.0-power-fa;cior three-phase. Y-connected 2300-V s‘ynchronous_motc;r

has reactances of X; = 1,95. and Xé = 1.40 Q/phase. Neglecting all

losses, compute the maximum mechanical power in kilo-watts which this motor
can deliver if it is supplied with electric .power from an infinite bus at rated

voltage and frequency and if its field excitation.is- constant at the value” which.

would result in 1,00 power factor at rated load. The shaft;:load is assumed tq be
increased gradually so that- transient swings are negligible and the steady-state
power limit applies. (25%)

4. A long, thin solenoid of radius r, and height £ is- shown in the figure below.'iI‘he..

magnetic field inside such a solenoid is axially directed and essentially uniform

and equal to H = Ni/h. The magnetic field outside the solenoid is negligible.

Calculate the radial pressure in newtons per square meter acting on’the sides of
the solenoid for constant coil current i = [, 25%)

o
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/. A half-wave, phase- conllo].lcd rcuhﬁur wllh resistive load - as shown in I‘1gu1c /-

has a load of 20Q2 and a source’ voltaoc of 240V RMS, 60Hz. The circuil opuntes
with a=60°. Fing: (1)avc1agc load vollagc. (7 6) (b)RMS lcmd cuucnt (7 %6) (c)porver
to the load. (8%) - * ° L

]

2, Given the three-phase inverter line-lo-neutral-voltage as shown in Figure 2. Please
express the flwee-phase instantancous line-to-liné volidge in a Fouricr “series form.
(hint: vip=X_ .5, Vo= .5 V=L .. )15%) - - .

)

l . - - ) -*'.- \ - - [ ,

3. (a) What is lh¢ jmeaning of POWcr [‘nclor Correction., (; 6) (b) How' many power

L factor correctlion luchruques or approaches are proposed rlghl now? Pluasu gwc some
! staletnents and draw some, control circuit diagrams. (10%) - .

;n- S

d

| g S e S — Cp—
- ﬂ_\’f _Z_YAi..._-_‘iI_—-—j— -

\'»q R th} Phase'voltages far 180° conduction
i F.a-u—e )
T -—
: . e .- :
- ) _
T
. Sl
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4. (a) Shown in Fig.d is the resonance curve [ Z(jw) in ohms versus w in rad/sec]

of a paralle]l RLC circuit. Find R, L, and C.(5%)

(b} The same resonance behavior is desired around a center fiquency of 30 kHz.
The maximum value of Z(jw) is to be.0.24€2: Find the new values of R, .
L, and C. (5%) .

5. Consider the linear time-invariant LC circuit shown in Fig#4. Before time t=0 the
switch is open, and the 'voltagé across the capacitors are V1 =2 and V2 =5 volts.

The switch is close at time t=0 and remain in this condition for a time interval of
2T sec. The switch is opened at t=27C sec and remains open thereafier. What
are the values of Viand V7 for £> 2T sec? Sketch the state {rajectory in the
ILVe plane (V.= Vo + V1), (15%)
§. The network R shown in Fig.5 is ade of n-2 linear time-invariant resistors.

Voltage and current measurements were taken for two values of R2 and the
- Fa

input. The measurements are tabulated in the figure. Determine the valuevy.(10%)

A e}

7.Find the zero-input response[that is V1 (t) and V2(t), for t 2 0] of the networks-
in Fig.6.(15%) .

J»  WithRy = 18 _ With Ry =20
+ v, & 4 volts "0y = 6 volts
Ry3v i = iamp i =1 amp
- vy = 1 volt Uy=?
F}\g. 3
VWA
10
‘4 12 . v(0 = 2 volt
VLFR1F va() = 2 volt
ol e
{a)
o -
Y Ll [
1H 1Y ]
- 1F g
N €1 §109
2 O mCp=4F 3 = ) 0.25H
FAg. ¢ "

- u{0)=0 12 (0) = 2 volts 4a(0) = 5 amp J4\0) =2 amp

Fig. é
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1. (a) Explain how to classify power a..Irxpliﬁerg, of class A, class B, class AB, and class
C?(8%) - . ) . A

(b) Give an example to illustrate the application of Miller’s Theorem? (7 %)
2. (a) Consider the circuit shown in Figure 1(2), in which the deyices are assumed to

have V; = 1 V, K = 100 pA/V?, and V4 = 10 V. If Iggr = 100 A and Vss
3 = 0 V, then what value of I, will result? (10 %)’

(b) If the circuit in Figure 1(a) is modified to that in F.igure 1(b), what value of I,
: results? (5 %) B

- -

3. For each of the circuits shown in Figure 2:

' (a) Determine the value of feedback ratio B. (5 %)

(b) Assume that the loop gain AfS approaches infinity. ‘What is the gain of the

amplifier? What values do the input and the output resistances;,pproa.ch (0
or infinity)? (15 %) ‘

4, Figure 3 shows a circuit suitable for op amp applications. For all transistor 8 = 100,

Ver = 0,7 V, and ry = cc. -
H\

(a) For input:g’;;a?d'm-butpu{; held at 0 V (by negative feedback) find the

emitter ciirrents of all transistors. (5 %)

- —

(b) Calculate the gain of the-amplifier, Witil a load of 10 kQ2. (5 %) ~

S e

(c) With load as in (b) calculate the value of the capacitor C requin;d for a 3-dB
frequency of 1 kHz. (5 %)
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5. Consider the blen'dpassqci"rcuit shown in 'lzfigure 4. Let Gy = C, =C, B3 = R,
Ry = R/4Q?, CR = 2Q[_w—g’, and o = 1t -Disconnect the ;ositive inp‘ut terminal
of thé op amp from gro‘un;d* and a,pﬁlj:? -V" through a voltagé divider R, Ry to the,
positive input terminal.. Analyze the c1rcu1t to find its transfer function V;/V;. Find
the voltage-d1v1der ratio Rg J(R1 + Rz) 50 that the c1rcu1t reallzes (a) an all-pass
function and (b} a n‘oijchAfunctlon. Assume the op amp tcz be 1deal. (15 %)

6. An inverter that can be characterized by Figure 5 has, V+ =5V, By =1k, and
R, = 100 . It is loaded by a similar inverter whose sw1tch1ng threshold is at 2 V,
by means of a connectlon whose capacitance to ground is 50 pF. If both sthches
exhibit a pure delay of 10 ns from the moment their input signal threshold is crossed,

how long does it take for an input step to open the switch of the sgc?ﬁ'd*invé_rten?

to close it? (20 %) ) ) .
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. Find the transfer function G(s} = 84(s}/T(s), fof the rotational mechanical system
shown in Figure 1. The values of T, K and B are the torque, spring constant and
coefficient of viscous friction; respectively. The'N; and &;, {"=1,-- -, 4 are the gears

with IV; teeth and the rotation angles, respectively. " (15%)
0 60 O 35 N-m sfrad R
-‘G'G—' Ny =25 N4=1D0%‘I_-—%& -)-_-B=25 N-m S/l’ﬂ.d
é & B . .
£ g &0 wall - K =1 N-m/rad
Ny =100 | Ny =20
' { N-m/rad
Figure 1 i )
. Given the closed-loop systemn described by the dynamics equations
.| o 1 0 o]*
()= 0 0 1_|x(t)+|0]|u(t)
) —2k ~11 -8 k o

-_—

()—[1 1 0]x(t)

(2) Find the value of & ‘and- the frequency, w,, of oscillation for ‘the system is
marginally stable ? o (8%)

? (7%)

-_

»

(b) Find the z(t) When k=1 for the unit step input with z(0) =

= oo

. Consider the position control system shown in Flgure 2. The transfer function of
the applied voltage to the angular displacement —(T—lgm of a motor and load is

obtained_by measurement. If we apply an input of u(t) = 110 volt, the speed

is measured as 34. 7666. rad/sec at 0.5 seconds. The speed eventually reaches 55 :

rad/sec. - :
(2) Find the transfer function of B"(r—‘?ﬁ (10%)
(b) If kj_and k; is adjustable, can you find a k&, and a kz so that the damping ratio

equals 0. 7*agi the da.mpmg factor equa.ls to2, - . (10%)-

¥
1
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4, The block diagram of a ¢ontrol system with state feedback is shown i F:g .3 Find the real
feedback gains gl, g2, qnd g3 sothat . - 0%) : -i'
+ the steady-state error egg (e(t) is the error) due to a step mput is Zer0, and
+ the complex roots of the charactenstlc equatlon are at -1 +j j and--l ]

H 1 2y 1

Pt
Vo, "x]_’-;'i'l C

t N

SR - §

5, The block diagram- of a sampled-data control system is shown in Fig. 4 where data hold
makes use of the zero-order hold (ZOH). The sanupling penod is T=0. 1 second.
(a) Find the values of K so tl  that the system IS asymptotically stable at the

sampling instants.; ) S (15%)
(b)For K= lO'compute the- umt-step response c(nT) forn=0,1,2, 3.
(10%). ~—
ONPNE [k o)
] —% Z0H s(st2) -
’ i . '7: ] ?." ' 1_: ' '—:-‘: _
. T Fig4‘“ -

-~ f r
¥ i

. y
6, Fig, 5 shows-the block dlagram of a umty-feedback control system with a series controller
Ge(s). The Bodeplots of the process. Gp(s) is shown n F1g 6. DeSJgn a single-stage phase-
lag controller with the transfer function L

HE]
troa .

= i [ 1_...'-;! t f H ]

TR ‘Gc()‘“ Kokt “TS. a<1,Ke>0

so that the, compensated system satlsﬁes the following" speclﬁcatlons' (15%)
-error constant Kv = 20; oy the magmtude of the steady-state error
of the system dueto a umt-ramp input, is 0.05 rad/rad/sec :
+ Phase margin PM.Z 70° .= ... ' -
~ 2t . .

10 o(s),

-Js(s_lms) ‘-'irjl -

I

T

W

3
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o -60 )
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| -80 .
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e .
) = \ .
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5 1201 3 N-|
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‘ ~ 140 | N
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\
- N
Lo et - \\ _
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-180 -1' ;). : T " =l 2
100 10 10 10°
. . ’ w(rad/sec) . .- o -
' LT Fig.GWB‘ode diagram of Gp(s) = 10/[s(s+5)]
3
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(WHQUESTION 1
l 4% (a) Explain the definition of noise figure. .
4% (b} Explain what is ISI and why ISI occurs?

|
4% (c) Explain the frequency-selective fading effect in digital transmission. |
List methods which are usually used to overcome it. |

4% (d) What is the definition of rogt-meam-squared bandwidth,
and explain the time-bandwidth relation.

4% (e) Explain the difference between coherent and noncoherent demodulations.

(15% UESTION 2

A stationary-random signal X (t) has the power spectral density S;(f)
and autocorrelation function Rz(7), Suppose X(t) is -
passed through the following system: ¢

e
——

(1) . y(t}
x{t) delay T2 = _I_ R

—
r - . -"-\_. - - !
delay T1 st A4

5% (a) Find the hra.nsfer function of the system. S -
5% (b) Find the autocorrelation function, Ry(r), of the output Y(¢)... -
5% (c) Find the power specl;r\l denSLty, _,(f) of the output Y(t)

-

WHQUESTION' 3" Co e e |
5% (a) Derive- the Hilbert transform of the signal m(t) = I(t/2), . .
| wllere II is defined as follows.
| o= T e 125t <12 z
ST H(t) B { 0, otherwise '

\_-\“"‘—\___ —-— .
5% (b) Express the SSB-iifodulated m(t—)\_\__‘
5% (c) Use the result obtained in part (a) to get_the Hilbert transform of M(t),
where M(t) is given as follows.

ME= Y ()G -0 1

n=—oo

5% (d) If M(¢) is transmitted by SSB-SC and the clemoclula.tor local oscillator
has a phase error of & degree, what is the demodulator output?

'
l 1 )

B ]
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A stationary random process x(t) is defined as

X(t) = Acos(wot + ©), for t is finite °

where © having the density function

2

fo(8) = {8’;’

0<f<E
otherwise

5% (a) Find the mean of X (t).
5% (b) Find the variance of X(¢).
5% (c

) Find the autocorrelation function of X ().
§%(d) Is it an ergodic random process? why?

(13%)QuESTION S5
A signal to be quantized is given by

s5(t) =20 cos 100wt + 17 cos 500wt

Assuming a uniform quantization error, how many bits of quantization
are required so that the signal to quantization noise ratio
is greater than 50dB7

[NOTE: The signal to quantization ratio is defined as

the average signal power divided by the mean square quantization error.|

—

@ﬂmm&m0N6
Consider phase-shift keying with a carrier component which can be written as

S

zc(t) = A sin[2rfet + d(t) cos™!

al

where d(t) It blnarx_data which is #1-valued in contiguous Tj-second bit
intervals. Find the ratio of powers in the carrier and in the modulation components.
e .

.
b

T e T e o TRy,




