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INSTRUCTIONS TO CANDIDATES 

I. 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 properties are attached. 

7. Make sure that this exam contains 8 pages including this one. 

DO NOT OPEN THIS PAPER UNTIL PERMISSION HAS BEEN GIVEN BY THE 

INVIGILATOR. 
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EEE331: SIGNALS AND SYSTEMS I 

QUESTION ONE (25 marks) 

(a) (i) (3 pts) Sketch the odd component of the signal shown in Fig. 1. Show your work! 

X(f) 

2 >( 

Fig. 1 

(ii) (5 pts) Calculate the energy of the signal x(t) given above. 

(b) (8pts) Define the following terms. 

(i) Linear system 

(ii) Causal system 

(iii) Dynamic system 

(iv) Time-invariant system 

(c) (9 pts) Fill 	in the following table (for each column, give a "yes/no" answer and 

briefly justify it): 

System Linear Time-invariant Causal 

yen) ::;: 3x(n + l)u(n)  x(n) 

yet) ::;: 2x(t)cos(t) 

f.t+l 
y(t)::;: t x(r)dr 

QUESTION TWO (25 marks) 

(a) (20 pts.) Consider the following circuit (fig. 2): 

L 
rv·'~.-,-_---, 

~.l 
c n 

1\, 

Fig. 2 
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EEE331: 	 SIGNALS AND SYSTEMS I 

Write down the input-output differential equation for this circuit in terms of the input 

voltage x(t) and the output voltage yet). 

(b) (5 pts) Consider a discrete-time system which has input of signal x(n) and output of 

yen) = cos (~x(n)). Evaluate and draw the impulse res~onse of the above system. 

QUESTION THREE (25 marks) 

(a) 	A signal x(t) is passed through an L TI system with impulse response h(t) where 

x t ={I, 0::; t ::; 3 and h t = {fr , 0::; t ::; 5 
( ) 	 0, otherwise ' ( ) 0, otherwise 

(i) 	 (15 pts) Find expressions for the output signal yet). The signal yet) may be 

divided into clearly defined time intervals. 

(ii) 	 (3 pts) Roughly sketch yet). 

(b) (7 pts) The periodic discrete-time signal x[n] has period 4. 


for n = 1 

x(n) 	= -1 forn = 3!

1 

o for n = 0,2 


Find the Fourier series coefficients and sketch their magnitudes. 


QUESTION FOUR (25 marks) 

(a) (3+4+5 pts) 	Find the Laplace transform (LT) of the following continuous-time 

signals. 

(i) 	 t 2 

(ii) 	 sin(2t) cos(2t) 

(iii) 	 te-2t cos(2t) 

(b) (5+8 pts) Find the inverse Laplace transform of 

(i) 

e- 3S 

(ii) F(s) --- 
5(52 +3s+2) 
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EEE331: SIGNALS AND SYSTEMS I 

QUESTION FIVE (25 marks) 

(a) (10 pts) Consider a continuous-time LTI system which has impulse response of 

h(t) = {1 0:5 t :5 	1 The input of x(t) = IL'-1 0(t 4k) is applied to thiso otherwise 

system. 

(i) Find the output. 

(ii) Draw both input x(t) and output yet). 

(b) (15 pts) Consider the signal x (t) with Fourier transform 

X(w) ={1, for Iwl 	::; 2?rr. 
o , otherwlse 

For the following signals, find a mathematical expression for the Fourier transform 

and plot its magnitude. 

(i) yet) = 2x(t)cos(lSrrt) 

(ii) 	 z(t) == x(t - 100) 

t


(iii) q(t) = x(--)
5 
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TABLE 	1 Fourier Transforms 

No. 	 x(t) X(w) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

eaIU(_t) 

B(t) 

1 

COS «lot 

sin Wot 

u(t) 

sgnt 

cos Wot u(t) 

sin Wot u(t) 

e-al sin UJot u(t) 

e-a/ cos ruot u(t) . 

reet (~.) 
W. (-smc Wt)
11' 

A (~) 
W. 2 (Wt)-smc 
2",' 2 

L 8(t -nY) 
n=-OO 

1 

a + jw 

1 
a - jw 

2a 
a2 +w2 

1 

(a + jw)2 

nl 
(a + jw)n+1 

1 

2.7r S(w) 

2.7r S(w - wo) 

Jr[S(w - aJo) +8(w +aJo)] 

j;rr{8(w +	w~) - 8(w - UJo}] 

1 
n8(w) +-. 

JW 
2 
jw 
1! jUJ
2" [S(w - UJo) + S(w + UJo)] + w~ _ w2 

n. [S(w -	 UJo) - ,s(w + Wo}] + -~ 
w22J 	 w~ -

Wo 
(a + jW)2 +w6 


a + jw 


(a + jW)2 + w5 

. (wt")

rSIDC 2" 

reet (27v) 
~ sinc2 (~r) 

a>O 

a>O 

a>O 

a>O 

a>O 

a>O 

a>O 

2.7r 
Wo=. T 
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Table 2, Fourier Transform Operations 

Operation x(t) X(<V ) 

Scalar multiplication kx(t) kX(w) 

Addition Xl (t) + X2 (r) Xt(CU) + X 2(w) 

Conjugation x'"'(t) X*(-w) 

Duatity X(t) 2)1xC -U» 

Scaling (a real) x(al) I~IX(:) 
Time shifting x(t  to) X «(v)e- jwto 

Frequency shifting (wo real) x(t)eiM)! X(w  wo) 

Tune convolution XI(t) *X2(t) X1{W)X2(w) 

Frequency convolution Xl (t)xz(t) 
1 

2Jt Xl (w) * X2{W) 

dllx 
Tinle differentiation 

din 
(jw)7I X(w) 

Time integration 1~ x(u)du 
X(w) . 

JCU 
+rrX(0)8 (a) 



TalLLe of Laplace Transforms 

.. d;ltafwlctio~ 6{t} .d-=} 1 
l .BbHted delta function· 6(t - a) ¢::==> e-al 

l·llIlitsiep •.. . u(t) ¢:::::=:} 1, 
<ra1DiJ •. tu(t) ~ 1 

$! 
", .',; '.,' 

2parabola· . t2u(t) ~ 83" 
tn n!~~hpower. ~ ;;q:r 

expcirientialdecl1Y 

,t-vf(]-8ided eXPonential decay 

.wcponential appfoa.ch .. 

..flin~· ..... . 

.oosine .. 

bypet-boUc sine :.: .. 
:bypetboli<: ·OO8ine 

, .~ .. . 

.~p'~rie~tiaJlyd~Ying sine . 

ap()~~tia.\lydecaying cosine . 

(1- at}e-ot 

e-at1 

sin (wt) 

coo (wt) 

sinh (wt) 

cosh (wt) 

e-oL sin (wt) 

e-111 cos {wL} 

~ 
d=:. 
~ 
~ 

t. 
~ 

~ 
~ 
~ 
~ 
~ 
~ 

_1_ 
s+a 

20 
a2_:,'1 

1 
(s+a)lI 

$ 

. (.ta):l .. 
fl 

,(.+a) . 

.., 
,2+vif 

•~. 
.., 

,2_1012 . 

!I 
,,!1_..,:I 

w 
(..+a)!l+w2 

1+0. 
. (s+a)!l+w2 

:·f'reqUeI1CY di.fferentiation tJ(t) ~ _F'(S) 

...freque~~~thdifferentiaUcin tn J(t) ~ (-It 
. 
F(n)(s)

. 

:ibnediff~nti~~n . . f'(t} = W. J(t) sP{s) - J(O) 
. .~~~~ddure~ntiatlon·· r(t) = ~J(t) s2 F(s) c- sJ(O}- f'(O) 

. gflF(s):'" sn.-lJ(O),- ... ..:.. J(n-l)(o)tin1e~th differentiation .. f(~)(t) = !: J(L} 

time integration .... . f~l{r)dt == (u * j)(t) ~F(s) . 

~uency iri~a.tion . t f(t) f.soo F(u)du
;,:. '.,'. .......... ". 


F(a-)-rl.. . . . . 

F(s) . ,-~(o)r'l~) .. '-"(0).time differentiation· 7'+ •. + J"- +"'+-,

http:appfoa.ch
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Properties of Laplace Transforms 

i) 

ii) 

iii) 

iv) 

v) 

vi) 

vii) 

viii) 

ix) 

x) 

Time-shift (delay): I(t --to)~ F(s)e- st
., 10> 0 

Time differentiation: dl(t) ~sF(s)- 1(0)
dt 

Time integration: J/(/)dt~ F(s) 
o s 

Linearity: a/(t)+bg(t)~aF(s)+bF(s) 

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

Frequency-shift: e aJ l(t)~F(s-a) 

tf(/)~- dF(s)MUltiplying by I: 
ds 

Scaling: f(at)~;F(~J. a>O 

Initial Value Theorem: lim {sF(s)} =1(0) 
14'" 

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