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INSTRUCTIONS TO CANDIDATES 

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

2. Each question caries 25 marks. 

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

4. Start each new question on a fresh page. 

5. Useful Fourier and Laplace Transform properties are attached. 

6. Make sure that this exam contains 7 pages including this one. 
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EE331: SIGNALS AND SYSTEMS I 

QUESTION ONE (25 marks) 

(a) (10 pts) Define the following terms. 

(i) Periodic signal 

(ii) Discrete-time signal 

(iii) Memoryless system 

(iv) Time-invariant system 

(v) Linear system 

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

(i) x(t) = u(t + 2) +u(t - 3) 

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

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

(c) (9 pts) Draw a table such as given below and indicate with a 'yes' or 'no' 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 

yet) = x(-t) 

yen) = x2(n  1) 

yet) = tx(2t) 

QUESTION TWO (25 marks) 

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


x(t) ={2, 0 < t < 3 h() {t, 0 < t < 4 

0, otherwise' t = 0, otherwise 

01 (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) A causal digital processor with input response hen) is fed with input 

sequence x(n), as given below. Determine the output yen). 

hen) =[3 4 2 3], x(n) =2o(n) + o(n - 1) + 30(n - 2) + So(n - 4)
l' 
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EE331: 	SIGNALS AND SYSTEMS I 


QUESTION THREE (25 marks) 

t, 0 < t < 1 
(a) (13 pts) Let x(t) ={2 _ t, 1 $ t $ 2 be a periodic signal with fundamental period 

T = 2 and Fourier coefficients 8J.::. 

(i) 	 (3 pts) Detennine the value of80. 

(ii) 	 (10 pts).Detennine the Fourier series representation of d:~t). 

(b) (12 pts) 

(i) 	 (5 pts) Detennine the differential equation relating viet) and vo(t) for the 

RLC circuit below. 

.3Sl lh 

Ytttl 

(ii) (7 pts) Suppose that viet) = e-3tu(t), Detennine vo(t) for t > 0 

QUESTION FOUR (25 marks) 

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

signals. You can assume unilateral LT. 

(i) 5 

(ii) Ste-3t 

(iii) Se-3t cos(St) 

(b) (15 pts) Given the system defined by the following transfer function, find the output if 

the input is a unit ramp function x(t) = tu(t). 

s+l 
H(s) -	 ----- 

- (s + 2)(s + 3) 

QUESTION FIVE (25 marks) 

(5+6+7+7 pts) Lex x(t) be a possibly complex valued time signal with Fourier transfonn 

X(w). Express the Fourier transfonns of the following time signals in tenns ofX(w). 

(i) x*(t) 

(ii) lm{x(t)} 

(iii) x(t - 2) + x*(-t + 2) 

(iv) e j47rtx(3t + 3) 
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TABLE 1 Fourier Transforms 

No. x(t) X«(c) 

1 

2 

3 

e-atu(t) 

eatu(-t) 

e-a1tl 

1 
a + jw 

1 
a  jw 

2a 

a2 +w1 

a>O 

a>O 

a>O 

4 

5 

te-atu(t) 

tne-atu(t) 

1 
(a + jW)2 

nl 

(a + j w)n+l 

a>O 

a>O 

6 

7 

8 

9 

10 

11 

12 

13 

14 

oCt) 

1 
eJr»ot 

cos Wot 

sin Wot 

u(t) 

sgnl 

cos Wot u(t) 

sin wot u(I) 

1 

21r8(w) 

21ro(w - Wo) 

11' [8(w - Wo) + o(w +Wo)] 

j11'[0(w + (9) - 8(w - Wo)] 

1 
11'o(w) + -.

}W
2 
jw 
11' jw
I [o(w - Wo) +o(w +Wo)] + 2 w1 

Wo -
11' Wo 
2j [o(w - Wo) - o(w +Wo)] + ~ _w1 

15 

16 

eat sin Wol U(I) 

eat cos Wot U(I) _ 

Wo 

(a + jW)2 +w5 

a + jw 

(a + jW)2 +w5 

a>O 

a>O 

17 reet (~) .'[SIne (W!)T 

18 

19 

W sine (Wt) 
1r 

A (;) 

reet (2':v ) 
! . 2(Wt)2SlOe ""4 

20 W . 2(Wt)27r SlOe 2 D. (2':v) 

21 

22 

00

I: oCt -nT) 
n=:-OC) 

e-t2/2u2 

00 

Wo I: o(w 
n=-CXI 

q.f2ieq2W2 /2 

nWo) Wo== 
21r 
-T 



Table 2. Fourier Transform Operations 
JL 

VI 

Operation 	 x(t) X(Cb) 

Scalar multiplication 	 kx(t) kX(a» 

Addition 	 Xl (t) +X2(t) XI ((t) + X2 (€tJ) 

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

Du8lity 	 X(t) 2n'x(-w) 

1 x(W)Scaling (a real) x(al) j;i a 

Time shifting x(t - to) X(w)e- j&Jto 

x (I )eirAlglFrequency shifting (!do real) X. (w - wo) 

TIme convolution Xl (t) *Xl (I) Xl (w)X2(w) 

Frequency convolution 	 Xl (t)X2(t) 21t 
1 

Xl (<d) *X2(CtJ) 

dllx 
Time differentiation 	 - (jlJJ)" X ((J))

din 

Time integration 	 1~ x(u)du X.«(J}) +.rrX(O)o(w) 
}W 



Table of ldmlace Transforms 
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t; 
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~ 
t. 
~ 

<:b. 
~ 

e-at 
.t. 
~ 

e-al" ~ 
fe-at ~ 

... (1 - at)e-at 

l_e-at 

(. . 
<====> 

t.. 
~ 

sin (wt) .~ 

C(I'l(wt) ~ 
sinb(wt} ~ 
cosh(wt) ~ 

.e-IIL sin (~) ~ . 

e-dcos(wt) ~ 

1· 
e-a• 

!
•1.'i!" 
2
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1 

.+
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til 

(.t«)!i+w2 . 
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'Aequeilcy· n:.Uf~erentiatiOn:. 

,.:...... ; .. ',.;',' .. ' . 

1;.f{r)dT = (u ~ I)(t). 

ff(t) 

~ · -F'(s) 
· (_l}n p{nl(s) ..~ 

sP(s) - 1(0) 
g2F(s) "':'~/(O)~ r(O) .. 

· s"P(s) ~ 88 ;-1/(0) ,... .•. ..:.. I(n-l){o) . 

~. ~F(B) .. 

~. 1.00 F('II)du .. 

F(.r}-rl . .. . .. : . 
F~! . j-~(oi ·r2{~1 ... C"'!O} 
. II + II . + .1"- +." . + • 
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Properties of Laplace Transforms 

ii) 

iii) 

iv) 

v) 

vi) 

vii) 

viii) 

ix) 

x) 

'. 

Time differentiation: dl(t) -+-4 sF(s) - 1(0)
dt 

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


Linearity: al(t)+bg(t)~aF(s)+bF(s) 


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


Frequency-shift: eall(t)~F(s-a) 


MUltiplying by t : tf(t)~- dF(s) 
ds " 

Scaling: I(at)~ ~F(:). a>O 


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

. ,~. 

. Final Value Theorem: lim {sF(s)} = I(et:)
1-+0 

'1 
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