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INSTRUCTIONS TO CANDIDATES 

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

3. Each question carries 25 marks. 

4. Show all your steps clearly in any calculations/work 

5. Start each new question on a fresh page. 

6. Useful Fourier and Laplace transform propel1ies 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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EE331: SIGNALS ANO SYSTEMS I 

QUESTION ONE (2~ markiJ. 

(a) 	 (9 pts) Draw a table such as given below and indicate with a 'V' or 'x' whether the 

tenn at the head of each column is a conect description of the system given by the 

input-output equation on the left. 

equation 

(n- 1) 

(b) 	(6 pts) Sketch and label carefully the following signals. 

(i) x(t) = u(t + 3) +u(t - 3) 

(ii) x(t) = et (u(t - 1) - u(t - 3)) 

(iii) x(n) = 2u(-n + 2) - u(n - 2) 

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

X(I1J v[n] [ 

I 	 1 . 
J 

" 	 it il>.---.." III • • • •• 11 	 !) .II0[ -1 

QUESTION TWO (25 marks) 

(a) 	 (15 pts.) Determine the fundamental frequency, period and the coefficients of the 

Fourier series for the following signal x(t). 

\"1/, 

I 

I 	

[l 
11 

"" 4 I 

"". ~ 	 ~, i'".1 
I,--'..J 
i 
. 

I" D-I ; 

(b) 	 (10 pts) Given a first-order system 

1
yen) + zy(n 1) = 2x(n) 

Find the system response with initial condition of rest for x(n) = G)n u(n). 

Express your answer in closed form. 
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EE331: 	SIGNALS AND SYSTEMS I 

QUESTION THREE (25 marks) 

Let Xl (t) =2(u(t) - u(t - 1)) and xz(t) =et(u(t) - u(t - 2)). 

(i) 	 SketchXl(t) andxz(t). 

(ii) 	 Compute the convolution yet) = Xl (t) * Xz(t). You must do the computations 

either using the graphical or analytical method. 

(iii) 	 Sketch yet). 

QUESTION FOUR (25 marks) 

(a) (lO pts) Determine the Laplace transform (LT) and pole and zero locations for the 

following continuous-time signals. 

(i) 	 e-3tu(t) 

(ii) 	 Ste-3t 

(iii) 	 Se- 3t cos(St) u(t) 

(b) 	(15 pts) Determine x(t) for each of the following Laplace transforms Xes). 

(i) 8+1 Re{s} > -2 
s2+5s+6 ' 


s2-s+1 }

(ii) S2(S--1) ' 0 < Re{s < 1 

s2-s+1
(iii) 	 -C-2 . -1 < Re{s}S+l) , 

QUESTION FIVE (25 mark~) 

(a) 	(15 pts) Let x(t) be a signal, and let X(w) be its Fourier transform. Find the Fourier 

transform of the signal yet) = x(a(t - b)). Where a"* 0 and bE 1?. 

(b) (10 pts.) Using 	 the definition of the Fourier transform, compute the Fourier 

transform of the following: 

(i) 	 eatu(-t), where a > O. 

(ii) -u(t + 1) + u(t) 
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. Table;t Fourier Transform'Operations 
... 

,:;4: . 

gperation x(t) X(6)) 

.Scatar multiplication kx(t) kX(w)
f ", . 

'Addition Xl (I) + X2{t) Xl (w) + X:z(l() 

Conjugation x"(t) X*(-w) 

Du8J.ity X(t) 21!x(-tJ) 

Scaling (a real) x(al) 1 X ("')
~. a 

Time shifting x(t - to) X (Ct))e-jt»t{) 

Frequency shifting (W() real) x (t )ej(s}(Jt X(w-wo) 

TIme convolution XI (t) *X2(t) Xl (to}Xl(W) 

Frequency convolution Xl (t)X2(t) 2it 
1 

Xl (<'l» * X2 {CcJ) 

dllx 
Time differentiation - (j(r))n X(cu)

dI" 

Time integration 1~ x(u)du X~w) +rrX(O)8(cl) 
)(J) 



Table of Laplace Transforms 

c' , {=:::::::}~~ltaJunction ''" , o(t) 1 
C 

,~h.ift~d delta function' o(t - a) , ~ 
L•UAit step", u(t) ¢::=::> 1 

I 

f,!',mp', ' tu.(t) ~ ,~ 
1I 

parabola " t2u(t) , ~ '83" 
2 

; ," ":. ", 

, n!,.n-:thpower ' tn ~ ~ 

eXpoile~~aldecay , 


t"';lHlided exponential decay , 


.~ponential approach 

.: .... -

"sine' 
,,: ,."",, 
,'t')s1ne 

~)()lic sin~ 
hyperbolic cosine .." ,,". ',' . 

,·exPOpell~iallydecayjng sine, 
, ..... '. '. ' ..' 

"exponentially decaying cosine 

e-at 

e-(lltl 

fe-at 

(1- at)e-at 

1 - e-at 

sin (wt) 

cos (wt) 

sinh(wt) 

cosh (wt) 

e-at sin (wt) 

e-0.1cos (wt) 

C 
{=:::::::} 

~ 
~ 
~ 
~ 

~ 
<k 
<:=b 
~ 
~ 
<=b 

_1_ 
Bta 

20. 
/12_.2 

1 
(sto.fJ 

s 
(.to.)2 

a 
8(8+0.) 

w 
s'ltr-i! 

/I 
,2+w2 

w 
,2_w2 

s 
,,2_,.,:1 

w 

' 
, ' 

, 

' 

, 

,frequency differentiation , tJ(t) ~ _pt(s) 

.rrequen~y~th<lHferentiation , tn f(t) d=:> (_1)" p(n)(s) , 

'. tiIn{Jdllferimtiation !,(t) =!! f(t) <b. sF(s) - 1(0) 
, ~t 

ih~2h4differentilltivn ' r<t) =1?rf(t) ~ 82p(S) .-'-8/(0)",,:, nO) 

tilna&thdifferentiatiol1' '/(n) (t) =~: f(t) s7lP(s) ;..sn-11(0) - ... - j(n-l)(o) 

tune integration ," 1;J{1}:r =(Ut J)(t) ~F(il) 

Isoo.freqUe!lci k;;egration ' if(t) F(u)du
", . " .. ,', .. 

,time inverse . ," ' 
:. ':' ". .. , ,,' " . 

"time differentiation 

(:; 




Properties of Laplace Transforms 

ii) Time differentiation: 

iii) Time integration: 

iv) Linearity: 

dl(t) ~sF(s).:- 1(0)
dl 

I F( )
JI(t)dt~-~ 
o s 

al(/)+bg(t)~aF(s)+bF(s) 

v) Convolution Integral: x(/) *h(t) ~X (s)H(s) 

vi) Frequeney-shift: eal/(t)~F(s-a) 

if() L dF(s)vii) Multiplying by t : t t~--- ,.
ds 

viii) Scaling: l(at)~~F(;;} a>O 

ix) Initial Value Theorem: lim {sF(s)} :::: 1(0) 
$ ...., 

x) Final Value Theorem: Iim{sF(s)}::::; 1(00) 
$ ...0 


