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Question 1 

(a) Calculate the transfer function, H(z} ofthe discrete-time system shown in the figure 

below: [5] 

:e[n] 	 y[nJ 

+ 

(b) Consider the following continuous-time signal: 

x(t) =2Acos(200l'Z"t +t) +3Asin (lOOl'Z"t - t) 

Determine the lowest possible sampling frequency, Is in Hz to sample the signal without 

aliasing effects. [3] 

(c) Compute the output, 	y[n] for the following FIR filter with coefficients, bk = {3, -1, 2,1} 

and input,x[n] =[2,4,6]. [5] 

(d) A causal CT system has the following pole-zero diagram: 

s-pJane 

-1 -~ 

Let y(t) s(t) represent the response ofthis system to a unit-step signal 

I, t 2 0 
x(t) u(t) .{0, otherWise 

Assume that the unit-step response s(t) ofthis system is known to approach 1 as t ---t 00 . 

Determine y(t) =s(t). [12] 

2 



Question 2 

(a) Solve the following difference equation when the initial conditions are 	y[O] =10 and 


y[l] 4 


y[n+2]-(%)y[n+l]+(~)y[n]=(±J for ,n~O. 
[10] 

(b) There are many deaths each year from electric shock. Ifa person makes a good contact 
with his hands, the circuit can be represented by the figure below, where 

v; =160 cos (cot) and co = 27rf. Find the steady-state current i(t)f1owing through the 

body when f = 60Hz. 
[10] 

Person's body".....-----------1 

I... ___________I 


(c) Plotthe spectrum ofthe voltage signal: 

vet) =2 - 3cos(4t) + 5cos(6t+ 45°) +cos(St -75°). 
[5] 
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Question 3 

Consider the circuit below: 

where R; ==2kO, RF = IOOkO, CF ==O.IJ.l.F 

(a) What kind offilter is this? [1] 

(b) Find the transfer function, H(s) == VOUI(S) [9] 
V;n(S) 

(c) Find V""t(t) when the inp~t, V;n(t) is a step of0.1 V whose Laplace transform is ~. 
S 

[10] 
(d) Given the following differential equation 

(i) Write its characteristic equation. [2] 
(ii) Determine its general solution. [3] 
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Question 4 

(a) Given the following transfer function: 

H(s)=lO 	s+lO 
S2 +3s 

Construct the Bode plot for the magnitude and phase with respect to the angular frequency, 

co, showing all the elements involved in your construction. [20] 

(b) Identify the region ofconvergenc, ROC associated with the z-transform for 

w[n]=(~lJU[-n]+2(±Ju[-n]. 
[5] 

5 



Question 5 

(a) Ifa channel has a bandwidth of 100kHz, how many baseband signals each with a 

bandwidth of 15kHz could be multiplexed into a single composite signal and transmitted 

through the channel? [2] 

(b) A signal with the sketched spectrum is sampled ideally with intervals T. 

i) Is the signal a high-pass, a low-pass or a band-pass signal? [I] 
ii) Is it complex or real? [I] 
iii) Is critical sampling possible? [1] 

(c) For a linear system with a unit feedback represented by: 

G(s) =-:-_4__ 
+2s+4 

Calculate: 

(i) Settling time. [2] 
(ii) Maximum overshoot. [2] 
(iii)Peak time. [2] 
(iv)Is this system over-damped, under-damped or critically damped? [1] 

(d) A system is governed by the difference equation: 

1
y[n] =--x[n+ 2]- y[n +1]

2 

where x is the input and y is the output. Is the system 

(i) Linear? [1] 
(ii) Time invariant? [2] 
(iii)Bounded input bounded output (BIBO) stable? [2] 
(iv)Memoryless? [2] 
(v) Causal? [2] 
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(e) For the following closed loop system, calculate the steady-state error to a unit step input. 
[4] 

+ 
K G(S) 

-

0.5(5+11)
h G() 3were 5= 

(5+ 1) 
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Table ofZ-Transforms 

R.cPonot 
Line No• .x(.~ n2:O z..TraasI'onn 1lZ) Coa'Va"pcc 

QC 

I .:(.) E.J(JlF-­.... 
2 I(It) I 1-1>0 
3, tll(1J) 

lIZ 

z::-r FI> 1 

4 at{1J) 
Z 

(z ­ (j2 Ft> 1 

S n2f1(n) 
z(z + 1) 
(r- 1)' 

lzl> 1 

(; d'w(n) 
z 

Z-Q 1::1> lui 

7 e-·.....II) 
Z 

(r- rM) 
Izi >e-tl 

8 

9 

na'a(n) 

aa(_}I(If) 

lIZ 

(r- til 
rEin(.) 

iJ.- 1tCOl(.)+ I 

Jrf > lat 

Fl> J 

10 CDS (DII)t(a) :(z - COl (a)1 
z:'% - hcos(a)+ I 

IzJ> I 

11 d'sin{Lwr)N(n) 
r2 ­

(.w lin (b)1z 
(2:rcoa(b)}r+ r Irl> lal 

12 rJ-lXts(bn)i(II) 
%(z -11(1),(6)] 

%Z - (1a COl (b})z .... 11-2 Fi > fal 

13 e-IJsin (bn)l(n) 
(e.....·sin(b)]z 

Zi - (2e-d COS (/1)J% +e-l. 1:'1 >e­

14 e-MCOJ (hn)at(II) 
zl. ­

~=-~eosWl 
{2e-(J COS (6)1z .;. rllJ 

Izl > e-l1. 
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Tables ofLaplace Transforms 

f(t) = -1 {F(s)} =~J:~l= F(s)e"'ds F(B) =l:{f(t)} = J~: f(t)e-lItdt 

f(t) F(s) 

a-a-F(s)f(t - a) t ~ a > 0 
e-4tl(t) F(s+ a) 

J{at) a> 0 ~F(-!) 

ail {t} + b12(t) aFl(S) +hF2(s) 

Fl{S) II< F2(S)ft(t)f2(t) 

Fl{S)F2(S)ft(t) '" 12(t) 

16(t) 
! 
"

1 
1t -;z 

te-at 

1- e-at 

leC~ 
a 

: (1- e-at ) 

sin (wt) 

COS (wt) 

sinh (wt) 

cosh (wt) 

e-at sin (wt) 

e-at cos (wt) 

w 

~ 
IJ 

"2+,,,2 
w 

_2_w2 

"s2-w2 
w 

tTl I(t) 

/,(t) = ~I(t) sF(s) - 1(0) 

f" (t) = ft,: f( t) s2p(s) - sl(O) - P(O) 

In general: f(n)(t) == tt:,I(t) snF(s) - /(0) ... - f(n-1) (0) 

J~ f('I1)du ~F{s) 

t f(t) tOO F(u)du 

F(s)_,f-l 
s 

F(s) + rl(O) + 
sn $'n· + ... + 
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F(s) 
l. 1 

f(t) o < t 

0(/) unit impulse at t =0 

2. 1 -
s 

l'or u(t) unit step starting at t = 0 

3. 
1-

$2 

I·u{!) ort ramp function 

1 
4. -

3 
11 

1 (71-1 

(n -I)! n =positive integer 

1 -as 
5. .-8 

3 

u(t-a) l.W.i.t step starting at t = a 

!(l-e-.f)6. s 

u(f) -u(t -0) rectangular pulse 

1 
7. - ­

s+o 

-at e exponential decay 

1 
8. (3+a)1t 

1 t 1t-1e-Q[ 
(n -1)1 n = positive integer 

9. 
1 

$(s+a) 
.!.(1-e~t) 
a 

Properties ofZ-Transforms 

Real Scaling: ax[k] ¢:} aX(z) 

Complex Scaling: akx[k] ¢:} X(z/ a) 

Time Reversal: x[-k] ¢:} X(lI z) 

k z){(z)
Summation: I x[ n] ¢:} -­

n=""", z-1 

Initial Value: x[O] limX(z) 
z->,z;, 

Final Value: x[00] =lim(z -l)X(z) 
z->I 

10 

Convolution: x[k]*h[k] ¢:} X(z)H(z) 

Differencing: 

x[k] - x[k -1] ¢:} (1- Z-l )X(z) 

Differentiation: -kx[k] ¢:} z..:i.-X(z)
dz 

Time Shifting: 

x[n-n,,] ¢:} z-nnX(z),n,,;::: 0 



