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INSTRUCTIONS TO CANDIDATES

1. There are FIVE questions in this paper. Answer any FOUR questions.

(99

. Each question carries 25 marks.

Lo

. Show all your steps clearly in any calculations/work

|9,

. Start each new question on a fresh page.
6. Useful Fourier and Laplace transform propertics are attached.

7. Make sure that this exam contains 7 pages including this one.

DO NOT OPEN THIS PAPER UNTIL PERMISSION HAS BEEN GIVEN BY THE
INVIGILATOR.
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QUESTION ONE (25 marks)

(a) (9 pts) Draw a table such as given below and indicate with a *v* or ‘X’ whether the
term at the head of each column is a correct description of the system given by the

input-output equation on the left.

System equation Causal | Linear | Time-invariant

y(t) = x(=t)

y(m) =x*(n-1)

y(t) = 2tx(2¢t)

(b) (6 pts} Sketch and label carefully the following signals.
1) x(t) = u(t+3)+u(t—3)
) x@) = et(ut—1)—ult-3))
(i)  x() =2u(-n+2)—u(n-2)

(¢) (10 pts) Compute the convolution of the following two signals and plot the result.

QUESTION TWO (25 marks)

{a) (15 pts.) Determine the fundamental frequency, period and the coefficients of the
Fourter series for the following signal x(t).
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(b} (10 pts) Given a first-order system

y() +3y(n—1) = 2x(n)
n
Find the system response with initial condition of rest for x(n) = G} u(n).

Express your answer in closed form.
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QUESTION THREE (25 marks)

Let x, (t) = 2(u(t) — u(t — 1)) and x,(t) = e*(u(t) — u(t — 2)).

(i) Sketch x; (t) and x,(t).
(i)  Compute the convolution y(t) = x;(t) *x,(t). You must do the computations
either using the graphical or analytical method. '

(i11)  Sketch y(t).

QUESTION FOUR (25 marks)

(a) (10 pts) Determine the Laplace transform (LT) and pole and zero locations for the
following continuous-time signals.
i eu)
| (i)  S5te 3
(i)  Se 3t cos(5t) u(t) 7
(b) (15 pts) Determine x(¢t) for each of the following Laplace transforms X(s).

s+1

(1) el Re{s} > =2
.. §%-s+1
(ii) e 0 < Re{s}<1
2_
(i) *"(5;;‘2" . —1 < Re{s}

QUESTION FIVE (25 marks)

(a) (15 pts) Let x(t) be a signal, and let X(w) be its Fourier transform. Find the Fourier
transform of the signal y(t) = x(a(f: - b)). Wherea # O and b € R.

(b) (10 pts.) Using the definition of the Fourier transform, compute the Fourier
transform of the following:
(i) e®u(—t), where a > 0.

(i) —u(t+ 1) +ut)



TABLE & Fouriér Transforms
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No. x(f) X(w)
1 e u(t) 1 a>0
‘ ‘ a-+ jo
2 e u(—t) ! a>0
a-— jw
2a
~altl
3 e o) +m2 a>0
1
4 ~aly(s
re~u(t) G jar a>0
n -t _......__'.1_!.._..._.
5 e u(t) @+ joy™ a>0
6 5() 1
7 1 28 () _.
8 et 28 (w — wp) ’
9 cO8 (wy! w[8(ew — wy) + 8w + )]
10 sin wot Jre (8w + wp) — 8w — @)l
1
11 u(s) nd{w) + j}-;z;
2
2 o
1 sgnt o
13 cos wof u(t) L1800 — w0) + 5w+ )] + ”cho 5
2 L'I)o — Q¥
, n @y
14 sin wot u (1) —[8(w — wo) — 8(w + wol] + ———
2} '{30 bl ¢}
15 e~ sin wot u(r) -—-——-(—L—,D——-v—--2- a>0
(a+ jo) +wj
a a-t+ja
1§ e~ ¢os wor ult) - m a>0
17 rect (i) 7 sinc (fﬁ)
T 2
w &
18 - sin¢c (Wt t (—”)
- sine (W1) rec W
t T Wt
1 Al = sinc? (———)
9 (r) 2 sioe 4
w Wt @
o Fae(Z) o)
0 27 S ( 2 ) Aaw
o ) o ”
> 8t —nT) W Y 8w nay) @y = id
HRR—O0 f it v v
22 e~ o imeotiin




"Table:2 Fourler Transform Operations

e

Frequency convolution

Time differentiation

Time integration

Xy (8)x,()
d?x
dee

/ x(u)du

f-_,'(gﬁeration x(t) X(w)
‘Scalar multiplication kx(t) kX (w)
Addition nO+x0 X+ X(w)
Conjugation x*(t) X*(~w)
Duélity X@) 2nx(—w)
Scaling (a real) x(at) -—1-- X ( 3}-)
. lal \a
Time shifting x(t — to) X (w)e /v
Frequency shifting (wo real) x(t)e/@o! X (a; —~ wg) |
Time convolution X1 (1) % x9{2) Xi{w) X1 (w)

1
57 K1(@) & Xa()

(jo) X (w)

@) | X O)8(w)




Table of Laplace Transforms

delta functlon ) 8t} - et 1
'shlfted delt,a funct;lon 6(t~a) 4:-:9::?» e
. | B :
;umt. step uft) ===
fr"mp nt) <= 4 |
}pambnla. But) == 2
‘methpower R
et oy v L
iwo-sided exponential decay ol et B
AR —at L 1
te c 4 (s-}»a)fz
J (1..03)3’“ _(s-:a)ﬁj'.
exponential approach - e ot i
o PYPI R
' ,AVL »sm - cos (wt) ot ;gf;g -
{hypemohc sme ',A sinh (wt) <:€~::> Ty
'ihyperbohc cosme cosh {wt) PN ot
: _@expmentxally decaymg sine €% sin (Qt) P AN m‘}@gm
iexpnnent:al]y decaymg cwne e~ cos (wt) P SN gﬁﬁw :
_ };frequency d ;ﬁ‘erentlatwn ‘ tf(t) et P (s)
i frequency M.h difreren*mtxon o - tPf(t) AN (=1 ) (8)
itnn*”dﬁ“renmamn 7= -%f; ) = sF(s} HON
* time 20d differentiation | f"(t) R?I fit) == P - sf(0) - 10)
& A c
,mne mn deferentmtxcn gy = 4 a4 f(t) == n;‘(a)-q@ Lf(0) - ... — fn-10)
,yltlme integravjn fo T;J* (we f)() - ety %F(s) , ,
';frequeﬂcy i mgrat;on : 1 Hioe ety [ Fluydu
’.f;ftime mverse Fal() PN ﬂf}-}{:i B , t : ,
S ) Cop=liay - ’ —12
;‘txme mﬁ'erentxat}on () PN i‘;%‘l + L;“@l + f_;; L0/ _me;@




Properties of Laplace Transforms

i) Time-shift (delay):  f(t 1) <2 F(s)e™, £,>0

iiy  Time differentiation: gf%{———’-’-—» sE(s) - f(0)

' .
iii) Time integration: '{ f(O)dt L Fs)
s
o
iv)  Linearity: af () +bg(t) <~ aF (s)+bF(s)

v) Convolution Integral: x(¢) * h(t) <= X (s)H (s)

Cvi)  Frequencyshift: €™ f(f) et F(s~ax)
vii)  Multiplying by 1: tf (f)é—éﬁ—gf;(f)—
s
viii)  Scaling: f(at)(—-’i--}l F(»S-J, a>0
[#4 a

ix)  Initial Value Theorem: lim {sF(s)} = f(0)

x)  Final Value Theorem: lim {sF ()} = f()



