FE2S11
Exercises Ch.5



Problem 5.1

A causal signal x(t) having a Laplace transform with poles in the open-
left s-plane (i.e., not including the jQ-axis) has a Fourier transform that
can be found from its Laplace transform. Consider the following signals

xi () = e Mut), x) =1(), x3(t) = x;(0)x,(0)

(a) Determine the Laplace transform of the above signals indicating
their corresponding region of convergence.

(b) Determine for which of these signals you can find its Fourier
transform from its Laplace transform. Explain.

(c) Give the Fourier transform of the signals that can be obtained from
their Laplace transform.

5.1 (a) The Laplace transforms are

1

r1(t) = e Hu(t) <  Xi(s) = P o> =2
za(t) =7r(t) & Xao(s) = slz o>0
z3(t) = te ?u(t) < Xa(s)= ﬁ o> —2

(b) The Laplace transforms of x(¢) and of x3(¢) have regions of convergence containing the j2-axis,
and so we can find their Fourier transforms from their Laplace transforms by letting s = 52

(c) The Fourier transforms of z; (¢) and z3(¢) are

X)) =

2+ 50

2@ = Gjap



Problem 5.2

5.2 There are signals whose Fourier transforms cannot be found directly by
either the integral definition or the Laplace transform. For instance, the
sinc signal

_ sin(t)

x(t) =

is one of them.

(a) Let X(R2) = A[u(2 4+ Ry) — u(2 — Q] be a possible Fourier trans-
form of x(t). Find the inverse Fourier transform of X(£2) using the
integral equation to determine the values of A and €2,

(b) How could you use the duality property of the Fourier transform to
obtain X(£2)? Explain.




Problem 5.2 (cont’d)

5.2 (a) In this case we are using the duality of the Fourier transforms so that the Fourier transform of the sinc

is a pulse of magnitude A and cut-off frequency €2y which we will need to determine.

The inverse Fourier transform is

1 [ :
ot) = o Alu(Q + Qo) — u(Q — Q)] dQ
™ J _o0
Q
= £ ' eI 4Q)
27 —Q
= é sin gt
7t
sothat A = 7 and Qg = 1, i.e.,
sin(t)

; & wu(@+1) —u(2—1)]



Problem 5.2 (cont’d)

(b) The Fourier transform of x4 (¢) = uw(t + 0.5) — u(t — 0.5) is

Y O ENE ()
0= [5 [ —e o 050
Using the duality property we have:
xq(t) = u(t +0.5) — u(t — 0.5) YEN X,(Q) = M
Q/2
Xi(t) = 8111(/1‘,2/2) & 27[u(Q2 + 0.5) — u(2 — 0.5)]

using the fact that =1 () is even. Then using the scaling property

sin(t)

Xi(2t) = =

2§[u((9/2) +0.5) —u((2/2) - 0.5)]
o mlu(Q 4+ 1) —u(Q —1)]

so z(t) = X;(2t) = sin(t)/t is the inverse Fourier transform of X (2) = w[u(Q2 + 1) — u(2 — 1)]



Problem 5.6

5.6 Consider a signal x(t) = cos(t),0 <t <1,

(a) Find its Fourier transform X(£2).

5.6 (a) x(t) = cos(t)[u(t) —u(t — 1)] = cos(t)p(t), so
X(Q2)=05P(Q+1)+P(Q2—1)]

where

—5/2(p8/2 _ p—5/2 . 75 5IN(£2/2
P(Q) __ € (C € )ls:jQ _ 26_39/2%

s




