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Instructions

Answer any four (4) questions

Each question carries 25 marks

. Useful information is attached at the end of the
question paper

‘4. Semi-log paper is attached to the question paper
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Question 1 [25]

a)

b)

Define the following terms: [51
i) Transient response

ii) Rise time

iii)  Asymptotic stability

iv) Steady — state error

V) High pass filter

Find the Bode log magnitude and phase angle plot for the transfer function: [12]
TF = 200(s + 20)
" s(2s + 1)(s + 40)
Given: | (8]
T /4
x(t) = 30cos (211' “fort— -2—) + Bcos(2m- fo -t + @) + 60sin(2m - fo.t + -4-)
And

T
x(t) =50cos(2m- fo-t + Z)

Find Xz = Be/®.



Question 2 [25]

a) If the input voltage, e;,(t), of the following system (figure 2.1) is a unit step, and
eout(t), is the output voltage

R

i
¥ v f)

thjmre 2,0

i) Find the transfer function of the system. The transfer function should be in terms of

Ry Ry, and C. [6]
ii) Find the unit step response. (6]

iii)  Giventhat R,,= R, = 1KQ and C = 1uF, find e, (t) 2]

b) The closed — loop transfer function, T(s), is given by:

C(s) 5000
T(s) = =
R(s) s(s+75)+ 5000
i) Calculate the damping ratio, {. [4]
ii) Calculate the undamped natural frequency, w, (3]
iii)  Calculate the maximum overshoot percentage [2]
iv)  Calculate 5% setting time [2]



Question 3 [25]
a) Determine the fundamental frequency of the following signal, and plot its sinusoidal

spectra (both magnitude and phase) and it exponential spectra. [10]
114
x(t) = 2 + 3 cos(0.2t) + cos (0.25¢ + 5) + 4cos(0.3t — 1)
b) Using figure 3.1, find an expression for x(#) and plot the spectrum. [6]
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figure 3.1
¢) A 1.5 MHz carrier is amplitude modulated by 2 sinusoidal signals of frequency: 500Hz and
800Hz. What are the frequencies in the AM spectrum? 21

d) A transmitter puts out a total power of 25 Watts of 30% AM signal :

i) How much power is contained in the carrier? 4]
ii) How much power is contained in each of the sideband? [3]



Question 4 [25]
a) Calculate the inverse Fourier transform of the following signals: [12]

X(jw) =;‘,[5(m ~1) - 8w + 1] + 3[6(w — 27) + 5(w + 21)]

b) Obtain the z-transform of the transfer function F(z): [13]
. z+1
) F(2)= 22+0.2z+0.1
.o z+1
i) F(z)= 22+0.3z+0.02



Question 5 [25]

a)

b)

c)

d)

Draw the block diagram of the discrete-time system represented by the recurrence
equation:
i) ym)=x(n-1)—-4y(n—-1)+7y(n-2) +3y(n—3) [3]

Find the z-transform of the following sequence:
i) x(n) = 10sin(0.25nmn) u(n) [3]

A digital signal processing (DSP) system is described by the following differential equation
with zero initial condition:
yn)+0.1y(n-1)-0.2y(n-2)=x(n) +x(n—1)

i) Determine system response y(n) due to the unit step function excitation, where

u(n) =1forn=0. [12]
Consider the analog signal
x(t) = 3 cos(2000mt) + 5sin(60007t) + 10cos(12000mt)

i) What is the Nyquist rate for this signal? [1]

ii) Suppose that the signal is sampled at the rate of f; = 5000 samples per second,
what is the discrete-time signal obtained after sampling? [3]

1ii))  What is the analog signal we can reconstruct from the samples? [3]



Properties of Laplace Transforms
Time-shift (delay): f(1—1,)¢—=> F(s)e™™, 1,>0
Time differentiation: -%-(:—)(—-‘5‘-——)51'" s)-£(0)

Time integration: j f (t)dt(——:"——)f-.(;s—)-
[

Linearity: af () + bg(t) <= aF (s) + bF (s)
Convolution Integral: x(f)* (f) <= X (s)H(s)
Frequency-shift: e” f(f) «*> F(s—-a)

dF(s)

Multiplying by ¢: t)‘(t)é——'i»-—d—;—

Scaling; f(ar)e—ia-:;F[%J, a>0
Initial Value Theorem: liﬂ{sF )} =10
Final Value Theorem: m{sF (s)} = P_g} f@ -
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Line No. a(s), n=0 | e Toanskorm X3 Convergencs
1 e 3wl
SR 2 . | >0
3 adn = e >1
4 miw 7 - 7> 1
s ) 3 k> 1
6 de) = Il > lal
7T eum = Bl > e
3 e = fel > o
o dalakin) TR Fl>1
10 s {anu(n) ;{[5%%—{ kl>1
N i) R i I > o
7 a" cos(baledx) ,z.z&:%gf s F1> Il
B esin(bnide) — n‘:::%%: — ke
"ot (bripwln) e 1) El>e®

2 - Re-vcou(B)s 4 a-2e

Properties of Z-Transforms
Linearity: ax,[k]+bx,[k] & aX,(z)+bX,(z)
Time Reversal: x[-k] & X(1/2)

, & zX(2)
Summation: ), x{n] & —==
Initial Value: x{0]=lim X ()
Final Value:  x{eo]=lim(z-1).X (2)
Convolution: x[k]*A[k] & X(z)H(z)
Differencing: x[k]-x[k~1] & (1-27") X(2)
Differentiation: —kx[k] <> z-gz—X(z)

Time Shifting: x[n—n,] ¢ 27X (2),n, 20

x[n+n]e 2™ {X (€)] —fx[m]z"‘),n, 20

-t

(1)



able of forms

delts function M) == 1
shifted delta function ft-a) > e
unit step W) <= 1
ramp Wy <= X
parabola tlu(t) === 22’
n-th power " 4:% ;:‘:}:r
exponential decay et Lo ;:,1,;
twwo-sided exponential decay R
st Lo o
(-a)e® = Ao
exponential approach l-eot E Rfﬁ?
sine sn(wt) &= P v
cosine cosfut) == A
hyperbolic sine ch(ut) <+ i
hyperbolic cosine wshiwt) = iy
exponentially decaying sine e~ gin (wt) = @%m
exponentially decaying cosine &~ cos (wt) PiE N (—,—_‘%
frequency differentiation ) <= -F()
frequency n-th differentintion PR = (~1)F)(s)
{ime differentiation ro=341 <= F@E)-10)
time 2nd differentistion =510 <= P -sf0)- 1O
time n-th differentiation Q=L50) <= SFE) ) .. - 50
time integration Rier=wen)e) <= 1FE
 frequency integration e = [CFudk
time inverse iy <Es RO
time differentiation Y <=

PR o P
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