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QUESTION ONE (25 marks)

(a) (10 pts) Define the following terms.
) Periodic signal
(i)  Discrete-time signal
(iii) Memoryless system
(iv)  Time-invariant system
A (v)  Linear system
(b) (6 pts) Sketch and label carefully the following signals.
@ x®=u@+2)+u(t-3)
i) x@®)=et@ut-1—-u(t-3)
(i) 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 thé system given by the

input-output equation on the left.

System equation Causal Linear " | Time-invariant

y(t) = x(-t)

y(n) =x*(n—1)

y(@) = tx(2t)

QUESTION TWO (25 marks)

{a) Asignal x(t) is passed through a system with impulse response h(t) where

2, 0<t<3 i<t <4
0 ={> 2 me =[5

0, otherwise ' 0, otherwise
{i {15 pts} Find expressions for the output signal y(t). The signal y(t) may be divided
into clearly defined time intervals.
(i) (3 pts) Roughly sketch y(t).
(b} (7 pts) A causal digital processor with input response h(n) is fed with input
sequence x(n), as given below. Determine the output y(n).
h(n) = [i 42 3], x(n) =26mM)+on—-1)+36(n—2)+56(n~4)
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QUESTION THREE (25 marks)

t, 0<t<1

@)UBmQLax@)z{z_nlstsz

be a periodic signal with fundamental period

T = 2 and Fourier coefficients aj.

) (3 pts) Determine the value of ay.

(i) (10 pts) Determine the Fourier series representation of %—(t-t—).
(b) (12 pts)
)] (5 pts) Determine the differential equation relating v;(t) and vo(t) for the
RLC circuit below.

(i) (7 pts) Suppose that v;(t) = e 3*u(t), Determine v, (t) fort > 0

QUESTION FOUR (25 marks)

(a) (3+3+4 pts) Find the Laplace transform (LT) of the following continuous-time
signals. You can assume unilateral LT.
@ 5
(i) Ste~3t
(iii) 5e73¢ cos(5¢t)
(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+1
(s+2)(s+3)

H(s) =

QUESTION FIVE (25 marks)

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

X(w). Express the Fourier transforms of the following time signals in terms of X(w).

@® x7(t)

(i) Im{x(t)}

(i) x(t-2)+ x*(-t+2)
(v) e/*™tx(3t +3)



TABLE 1 Fourier Transforms

No. x(t) X(@)
1
1 —-at
e~ u(t) it o
2 e*u(—t) ! -
a- jw
2a
3 ~ajt]
¢ a? + o
1
4 ~at P
te % u(t) TENTD
S t"e " u(t) @t joy
6 8@ 1
7 1 ‘ 2mé(w)
8 e/t 2n8(w — wp)
9 cos wot m[8(w — wo) + 8( + )]
10 sin wot jn[d(w + wp) — §(w ~ wp)]
1
11 u(t) : wé(w) + —
2 e
12 sgnt? 3;
i1 jo
13 cos wot u(t) —[8(w — wo) + 8(w + wp)] + —
2 a)o han wz
14 sin wor u(t) T [8(e — @) — 8@ + wp)] + —p—
| Sin @ 2 @ RGP Jpr
-at of ______..__wo 7
15 e™ sin wot u(t) Gt jor ol
a+tjw
1 -t X ————ep—————
6 e~ cos wot u(t) | Gt R Tt
17 rect (1) 7 sinc ((—‘E)
T \ 2
W )
18 ;;- sinc (W1) rect (Eﬁ;)
t o Tind? (.‘i’f.)
19 A (r) 3 sinc 7]
w Wt W
20 o gine? = ()
I sing ( ) ) A W
oo o0
2 Y st-nT) @ Y 8w nw)
' P e O Rz OO

22 e’ o oy 2me o'




Table 2 Fourier Transform Operations

Y

Operation x(¥) X{(w)
Scalar multiplication kx(t) kX{(w)
Addition x1 () + x2(2) X (@) + Xz (w)
Conjugation x*(t) | X*(—w)
Duality X(@) 2nx(~w)
Scaling (a real) x(az) Ly ( 9)
laj \a
Time shifting - x(t — tp) X{w)e ivn0
Frequency shifting (w real) x(t)e/ ot X (w — wy)
Time convolution x1 () % x2(8) X ()X (w)
I ,
Frequency convolution x1{t)xs(t) i";X i (0) x X2 {(w)
Time differentiation Z: (jw)" X (w)
£ .
Time integration / x () du X (@)
‘ -0

e 4t X (0)o ()
jo




Table of Laplace Transforms

i) == 1
ét-a) ¢=£=¢» e
o) e 1
w) = ok
- Buft) e -.-25
" et g
et 4 4—:-_-—:?-..5 ;—1;
AU
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;nme nth diffrentiaton - f(’*}(t L5 <L . oPE) =P - - f00)
fn f(r)d'r @ef)) . £ lpe) .
| by s [CFad
) L, F-gt B
time differentiation Ty S ﬂﬁ+£¥9+—1331+ +£'—'1'19l
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Properties of Laplace Transforms

i)

vii)

vii)

v

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

Time differentiation: i’f-}flé—np(s)- £(0)

4
Time integration: I f(O)dt <——‘"—-—>£§—Q-
0

Linearity: af (£)+ bg(t) <+ aF (s)+bF(s)

Convolution Integral: x(t)*A(t) «L— X (s)H(s)

Frequency-shift: e f() > F(s—a)

Multiplyingv byt: ()« _5_‘%@
Scaling: f(ar)e-’:-»-l-F(i), a>0
a \a

Initial Value Theorem: lim {F (5)} = £ (0)

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




