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QUESTION 1 (25 marks) 

(a) Find the period of each of the following signals: 

(i) 
j(!E.t-l)

x(t) == e 4 (3 marks) 

(4 marks) 

(b) A half-wave rectified sine wave is defined by the expression 

(ii) 

T 
Asin(uV), Osts­

2x(t) == 
To -stsT 
2 

Given that the complex Fourier Coefficients Ckof x(t) are given by 
,. 

== ~ rx(t)e- jkoV 
,Ck 

Obtain expressions for the first two Fourier coefficients only, i.e. when k=O and k=l. 

You are not asked to get a general expression for all values of k, therefore simplify 

your integral by concentrating only on these two values ofk. 

(12 marks) 

(c) Three functions fi(t), f2(t) and h(t) , which are zero outside the interval (O,T) , are 

shown in the figure Q1 c. By taking a pair of signals at a time, determine whether each 

pair is orthogonal or not. Note that there will be three pairs of signals. (6 marks) 

2: -- - -:..- ---­, 
I 
I 

--f---I----t 

-3 ___ ..a...-_..... 

Fig. Qlc 
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QUESTION 2 (25 marks) 

(a) 	 (i) Find expressions for the convolution of the two signals sketched in Fig. Q2a. The 

convolution should be divided into clearly defined time intervals. (12 marks) 

x(t) h(t) 
1 


1 


t t1 

Fig. Q2a 

(ii) 	 Give a sketch of the convolution signal obtained in (i) and find the coordinates of 

the point where the maximum value of the convolution occurs. (3 marks) 

(b) (i) 	 Define the energy and the power in a signal x(t). (2 marks) 

(ii) 	 Determine the power and energy in each ofthe following signals: 

1. 	 x(t)=5e-3t 
, t>O (4 marks) 

11. 	 x(t) =7cos(5t+1r/4) (4 marks) 



EE331 SIGNALS AND SYSTEMS I 	 Page4ofl0 


QUESTION 3 (25 marks) 

(a) 	 Sketch the block diagram for the following impulse response. (5 marks) 

h(t) ~ [[~ (t) *~(t)+ ~(t)]J *h4 (t) +h5(t) 

(b) 	 The classification of signals may be based on how they are represented in tiI:ne and how 

their amplitudes are allowed to vary. Using one cycle of a sinew ave as an example, give 

clear sketches of how a sine wave may be represented in the following signal sub-classes: 

(i) Continuous-time and continuous-amplitude (1 mark) 

(ii) Discrete-time and continuous-amplitude (2 marks) 

(iii) Continuous-time and discrete-amplitude (2 marks) 

(iv) Discrete-time and discrete-amplitude (2 marks) 

(c) 	 Systems can be described by the terms: linear/non-linear, time varying/time invariant, 

causal/non-causal. 

(i) 	 Define these three groups of terms as used in the description of systems. (3 marks) 

(ii) 	 By applying your definitions, derive which alternatives of the above three 

descriptions apply to the systems represented by the input-output signal relations 

below: (for example a system might be nonlinear, time invariant and causal) 

i. 	 yet) =x(t+ l)sin(cot+l), co> 0 (5 marks) 

ii. 	 y[nJ=(-~r (x[nJ+l) (5 marks) 
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QUESTION 4 (25 marks) 

(a) Solve the following differential equation using Laplace Transforms. Assume all initial 

conditions are zero. 

x"(t) +4x'(t) +3x(t) = 48(t) (10 marks) 

(b) Find the initial value and final value of each of the following system responses: 

(i) F(s) = 50 (4 marks)
S(s2 +2s+l0) 


F(s) = (s + l)(s + 2) 
(ii) (6 marks)
(s+3)(s+4) 

(c) Find and sketch the even and odd components ofthe signal 

-t+1, 0 <t <2 

x(t) = -t +3, 2 < t < 3 as sketched below (5 marks) 

0, t elsewhere 

+1 

-1 
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QUESTION 5 (25 marks) 

(a) 	 A schematic diagram of a linear circuit shown in Fig.Q5a 

(i) Find the Laplace domain relation II (s) ,for the currents jet) and il (t), assuming
I(s) 

that all initial current and voltage values are zero. (8 marks) 

(ii) 	 Hence, if R =6 n, L =2 H and C = 0.25 F, find the response il (t) ofthe circuit to 

an impulse i(t) =o(t). (8 marks) 

... 
i(t) 

Fig.Q5a 

(b) 	 A signal x(t) is sketched in Fig. Q5b. Sketch the signal given by[x(t)+x(-t)]u(-t). 

(9 marks)
x(t) 

r-----i2 

1-+--...... 

t 
-2 -1 o 

-1 

Fig. Q5b 
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Table of Laplace Transforms 

delta function o(t) ~ 1 

shifted delta function 5(t - a) ~ e-as 

unit step u(t) ~ 1 
8 

£ 
ramp tu(t) ¢:::::::::::::} 1 

8Z 
2parabola t2u(t) ~ s:r 

tn ~ n.!n-th power -;nfT 

exponential decay e-at t:. 
¢:::=:::::> _I_ 

s+a 

two--sided exponential decay e-a1tl ~ 2a 
a.'1_82 

te-at ~ 1 
(s+a)2 

(1- at)e-at ~ 8 

(8+a)2 

exponential approach 1- e-at £. 
~ 

~ a 
s{s+a) 

sine sin (wt) ~ w 
s'1+w2 

cosine cos (wt) £. 
¢:::=:::::> s 

s2+w2 

hyperbolic sine sinh (wt) ~ w 
s'l-w2 

hyperbolic cosine cosh (wt) ~ Il 

s2_w2 

exponentially decaying sine e-at sin (wt) ~ w 
(s+a)2+w2 

exponentially decaying cosine e-at cos (wt) ~ 8+a 
(s+a)2+w 2 

frequency differentiation tf(t) ~ -PI(S) 
r.

frequency l1~th differentiation tn f(t) ~ (-ItF(n)(s) 

time differentiation f'(t) =; /(t) ~ sF(s) ­ f(O) 

time 2nd differentiation r(t) =~f(t) ~ s2FCs) ­ s/(O) ­ I'(O} 

time n--th differentiation f(n)(t) = :t: f(t) ~ snF(s) ­ sn-l /(O) ­ ... ­ f{n-l) (0) 

time integration I~ f(T}d:r =(u * f)(t) ~ ~F(s)
£. . 

frequency integration tf(t) ~ Is
oo P(u)du 

F(s)-rltime inverse . f-l(t) ~ s 
F(s) rl(O) r2(O} rn(O)time differentiation f-n(t) ~ ---sn + -----sn- +sn=r +... + -s­
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PROPERTIES OF LAPLACE TRANSFORMS 

i) Time-shift (delay): f(t-to)~F(s)e-S\ to >0 

ii) Time differentiation: df(t) ~sF(s)- f(O) 
dt 

iii) Time integration: Jf(t)dt~ F(s) 
o s 

iv) Linearity: af(t)+bg(t)~aF(s)+bF(s) 

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

vi) Frequency-shift: ealf(t)~F(s-q.) 

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

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

ix) Initial Value Theorem: lim {sF(s)} =f(O) 
S-+<Xl 

x) Final Value Theorem: lim{sF(s)} =f(oo)
s-+o 



EE331 SIGNALS AND SYSTEMS I Page90fl0 

TABLE OF BASIC FOURIER TRANSFORM PAIRS 


# Time Domain: x(t) Frequency Domain: X(jro) 

1 8(t) 1 

2 1 2n8(ro) 

3 8(t-td ) 
e-j(f)/d 

4 ej(f)·t 2n8(ro roo) 

5 1 
e-atu(t), (a> 0) a+ jro 

" 
6 

ebtu(-t), (b> 0) 1 
b- jro 

7 
u(t) 

1
n8(ro)+-.-

Jro 

8 

u(t+~T) u(t-~T) sin(roT /2) 

ro/2 
9 sin(rob t) 

1 

ret u(ro + rob) -u(ro ­ rob) 

i 10 
A cos(ro 0 t + 4» nAej~8(ro -roo) + nAe-j~8(ro + roo) 

11 
cos(root) n8(ro - roo) + n8(ro+ roo) 

12 
sin(roi) - jn8(ro -roo) +jn8(ro + roo) 

13 00L jkOJ.take 
00

L 2nak8(ro-kroo) 
k=-oo k=-oo 

14 00

L 8(t-nT) 2n I 8(ro- 2n k) 
k=-oo T k=-oo T 
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TABLE OF BASIC FOURIER TRANSFORM PROPERTIES 


TIME DOMAIN: x(t) . FREQUENCY DOMAIN: X(jro) ,PROPERTY NAME# 
! 

Linearity1 ax} (t) +bX2 (t) aX} (jOJ) +bX2(jOJ) 

Conjugation2 x*(t) X*(- jOJ) 

i 

Time-Reversal x(-t)3 X(- jOJ) 

~X(jOJ)
Time Scaling x(at)4 lal a 

5 f#Time Delay x(t -td) e- jOJtd X(jOJ) 

Modulation6 X[j(OJ-OJ )]x(t)ejOJi o 

Modulation7 x(t) cos(OJi) 
!X[j(OJ-OJ )] + !X[j(OJ+OJ )]
2 o 2 o 

dnx(t) 
8 Differentiation (jOJ)n X(jOJ)dtn 

Convolution9 x(t) *h(t) X(jOJ)H(jOJ) 

Multiplication10 x(t)y(t) 
1 X(jOJ)*Y(jOJ)

2rc 


