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1. Answer all four (4) questions

2. [Each question carries 25 marks
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Question 1 [25] | ‘ A

a) Find the Bode log magnitude plot for the transfer function: [6]
| 200(s + 20)

~s(2s+ 1)(s + 40)

b) Determine the fundamental frequency of the following signal, and plot its
sinusoidal spectra (both magnitude and phase) and it exponential spectra.
| [10]

i | T
x(t) = 2 + 3 cos(0.2t) + cos (0. 25t + —2—) + 4c0s(0.3t — )

c) 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?

- [2]
d) A transmitter puts out a total power of 25 Watts of 30% AM signal :

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



Question 2 [25] .

a) Draw the block diagram of the discrete-time system represented by the
recurrence equation: [3]

i) ym)=x(n—1)-4y(n—-1)+7y(n—-2) + 3y(n—3)

b) Find the z-transform of the following sequence: (3]
i) x(n) =10sin(0.257n) u(n)

¢) 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)
1) Determine system response y(n) due to the unit step function
excitation, where u(n) = 1 forn = 0. ’ [12]

d) Consider the analog signal - ‘
x(t) = 3 cos(2000mt) + 5sin(6000nt) + 10cos(12000mt)
1) What is the Nyquist rate for this signal? (1
B 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]

iii)  What is the analog signal we can reconstruct from the samples?

(3]



Question 3 [25]
| a) If the input voltage, ;,(t), of the following system (figure3.1) is a unit step,
and e, (t), is the output voltage

?

VAN ‘4’_{;

_ft'ge,de 3. f

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

terms of Ry R,,and C. , | [6]
1)  Find the unit step response. [6]
iii) Giventhat Ry,= R, = 1KQand 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]


http:frequency,.wn
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Question 4 [25]

a) Determine if the following systems are time-invariant, linear, causal and/or
memoryless? [6]

) Zhey(e) = 4x()
ii)  y[n] +2y[n - 1] =x[n+ 1]

b) Solve the following differential equation using the Laplace Transform
“method: ' [5]

i) ‘;—Jt’ + 4y(t) = 3x(t): x(t) = sin(2t),y(0) = 1

c¢) Compute the inverse Laplace Transform of the following functions: [3]

. : 25+100
1) X(s) = (s+1)(s+8)(s+10) -
d) Find the inverse Z-transforms of the following signal: [4]

. _ (z-1)(z+0.8)
i) X(z2) = (z-0.5)(z+0.5)

e) Determine the stability of the following systems: - [2]
) H(s) = _ sz
(s+3)(s+2)
f) Sketch the response of the system below to a step input. (5]
: 10
) H(s) =3



Table of Laplace Transforms

delta function i = 1
shifted delta function Bt-n) === e
it step W) <= 1
, L
ramp tu{t) <= ;'g-
parabola fu) ==
n-th power R
exponential decay R AN ;%;
two-sided exponential decay el <L ;g%g
. L
e
- L
(I-at)e™™ == o
exponential approach 1—-e7 4 Ly 'i:H)
sine Enfut) == gty
cosine cos (wt) PN P vp
hyperbolic sine sih(uwt) <5 oo
hyperbolic oosine cosh {wt) PRI I 1
exponentially decaying sine etanfet) <5 oot
exponentially decaying cosine e~ cos {wi) PN (—,-ﬁ“)?m
frequency differentiation tft) <= —-F(s)
frequency n-th differentiation ) = (~U)*F™()
time differentiation fliy= 7% fit) 2N sP(z) - 1(0)
time 2nd differentiation Piy=S5 < PF@E)-2f0)-FO)
time n-th differentiation o)) = 42 5(1) £ e - H0) .. - f-10)
. . L
time integration B fm)dr ={sx )t) ¢=E:> Lp(s)
frequency integration -i- ity <= f:" Flu)du
time inverse 7y < £, ﬂ’}:‘f -
) L - n
time differentiation ) s ER 00y 0
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Properties of L

Time-shift (delay): f(f—£ )<= F(s)e™, 1,>0
Time differentiation: -i‘l;gl@ sF(s)~ £(0)

Time integration: j S0yt s FS i’)
Linearity: af () + bg(r) > aF(s)+bF(s)
Convolution Integral: x(f) * k() <= X (s)H (s)
Frequency-shift: e” f(f) <= F(s —a)
dF(s)

ds

Scaling: f(ar) <——£~——>1F(-{)—], a>0

Multiplying by 1: 1f (f) «*>—

Initial Value Theorem: {sF(s)} F(0)
Final Value Theorem: I‘g’% {sF(s)} = lim £()



le of Z-Transforms

Line No. x(x), n=0 2 Transform M2) “’*’f;;ia
1 x(x) }§ xrye ™

2 8(r) 1 =l >0

3 ) — El>1
4 i) : - ] Fi>1

5 ) 2l 1>
6 d'x(n) P e} > fol
7 U f;f;;-)‘ E>e™
8 mun) o . It > faf
9 sintahin) z!_:iwm%ﬁ el >1
10 cosabu) e ‘:‘{i‘;’i s > 1
1 dsinnin) o g’:}% e el > el
2 o cos(bade) T M
13 e*sin@uie) e = H>ee
B oo (briuin) _’[‘,ij;f;f’f‘_g. >

Properties of Z-Transforms

Linearity: ax[k]+bx,[k] © aX,(z)+bX,(z)
Time Reversal: x{-k] <> X(1/2)

2X(z)

z-1

Initial Value. x{0l= EEX (2)

Final Value: x[eo}= 1;113(2 ~-DX(2)
Convolution: x[k]*h[k] <> X (2)H(2)
Differencing: x[k]-x{k—1] < (1-27) X(z)

Differentiation: —kx[k] < z%X(z)
Time Shifting: x[n-n,]1< 27 X(2),n, 20

x[n+n] 2™ [X(‘z)w’fix{m]z”"],nﬂ 20
mal

Summation: z x[n] & —=~

'?,
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