


Chapter 4 Problems

The first section of problems belongs to the basic category and the answers are pro-

vided in the back of the book. The remaining three sections contain problems belonging
to the basic, advanced, and extension categories, respectively.

BASIC PROBLEMS WITH ANSWERS

4.1.

Use the Fourier transform analysis equation (4.9) to calculate the Fourier transforms
of:

(@) e~ Du(t =1y  (b) e 2"
Sketch and label the magnitude of each Fourier transform.

4.2.

4.4.

Use the Fourier transform analysis equation (4.9) to calculate the Fourier transforms
of:

(a) 8(r+ D)+ 8t =1) (b} %{u{—z =1+ u(r — 2)}

Sketch and label the magnitude of each Fourier transform,

Determine the Fourier transform of each of the following periodic signals:
(a) sin@we + 3) (b)) 1+ cos(bmt + )

Use the Fourier transform synthesis equation (4.8) to determine the inverse Fourier
transforms of:
(a) X|(jw) = 27w 6(w) + 7w 6(w — 47) + 7 b(w + 4m)
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4.2, Use the Fourier transform analysis equation (4.9} to calculate the Fourier transforms

:[J:} B+ 1)+80—=1) () {u(—2— 10+ ult—2)}
Sketch and label the magnitude of each Fourier transform.
(a)
Consider the following signals.
x()=6(r+1)+8(r-1)
Determine the Fourier transform of _r{.f}.

X(jo)= }x{’]‘f ™

4]

[S(r41)+8(r=1) " dr

S(r+1)edr+ I S(r=1)e"™dt

o

L\—‘;d ,.Iq'-—r.‘i

Recall the time shifting property of the impulse function.

TE[I-T}.f[t)m:{f(Tl a<T< b}

. 0, otherwise

X(jo)=e "™V 4

=g[ﬂ]
2

=2 Ccosn
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Thus, the Fourier transform of ;‘5‘{;+|}+ 5[1_1} is




(b}

Consider the following signal.

(1) =Llu(-2-1)+u(i-2))
o
Simplify further by using the relation in (1)=6(1)- Fren he magpinsiaplea? X{ ok
a [ (o)
.r[.f]——[r.' -2- .*}]+ u{r 2)) A
=—5{—:—2]+a‘{r—2}
=-8(-(2+1))+5(r-2) 2__
Since, the impulse function, 5{.-] is even function.
x(r)=-8(2+1)+8(r-2) (- &(¢) is even function)
=8(1-2)-8(1+2) T 0
2
Determine the Fourier transform of x(r).
X(jw)= _[x[.':lc e
=]' (1-2)-(r+2)™ar
= [a(r-2)e ™ dr- ja{;+2}e ™y
i fsnetga-{f: 27
0, otherwise
. ) _e—.lzﬂ+£.lzﬂ
X[J"-‘}=‘ZJ[2—J.]
=-2jsin2em

Thus, the Fourier transform of r[f]:%{u[—l—.'}ﬂ.-[f—z]} is .

The magnitude of the Fourier spectrumis |.X ( je)| = 2|sin a|

ra | =
Sl









[ 4.23. Consider the signal

_Jed isis]
%olt) = { 0, elsewhere °

Determine the Fourier transform of each of the signals shown in Figure P4.23. You
should be able to do this by explicitly evaluating only the transform of xy(#) and
then using properties of the Fourier transform.
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4.26. (a) Compute the convolution of each of the following pairs of signals x(z) and A(t)
by calculating X(jw) and H(jw), using the convolution property, and inverse

transforming.
) x(t) = te 2u(t), h(t) = e Mu(t)
(i) x(t) = e Hu(r), h(t) = ‘e Mu(r)
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4.33. The input and the output of a stable and causal LTI system are related by the dif-
ferential equation

d>y() dy(r)
N + 6—=— + 8y(t) = 2x(1)

(a) Find the impulse response of this system.

(b) What is the response of this system if x(¢) = te” > u(t)?

(c) Repeat part (a) for the stable and causal LTI system described by the equation

dzy(,) fdy(r) dx(1)

——= 4 y(t) =2 R 2x(t)
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Us the Fourier Transform properties (shifting and differentiation) to find the Fourier transform of
y(2) (50%)

X(i—1,) e " X (jw)

x(9)
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4.31. (a) Show that the three LTI systems with impulse responses

hl{” = u“_}:

ha(r) = =28(0) + Se Zu(1),
and

hay(t) = 2te  uir)

all have the same response to x(f) = cost.
(b) Find the impulse response of another LTI system with the same response to
COST.
This problem illustrates the fact that the response to cos cannot be used to
specify an LTI system uniquely.

4.32, Consider an LTI system § with impulse response

_ sin(d{r — 1))

O = =D
Determine the output of § for each of the following inputs:
(a) xy(r) = cos(br + 3)

(b) x2(n) = > ;_o(3)* sin(3kr)

— sinidir+ 1))
() x(n) = =TT

(d) xy() = ()2

i

4.33. The input and the output of a stable and causal LTI system are related by the dif-
ferential equation

d’y(r) | dy(t)
dr +6 dt

+ 8y = 2x(n)

(a) Find the impulse response of this system.
(b) What is the response of this system if x(1) = te Mun)?
(c) Repeat part (a) for the stable and causal LTI system described by the equation

d*y(ty  dy(r) L d?x(n)
PTER v2 dr ¥ =2 dr?

- 2x(t)

4.34. A causal and stable LTI system § has the frequency response

. Jjw + 4
HUe) = e ¥ Sj
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ADVANCED PROBLEMS

X (1)
4.37. Consider the signal x(¢) in Figure P4.37.

(a) Find the Fourier transform X(jw) of x(¢).
(b) Sketch the signal 1

(1) = x(1) * Z 8(t — 4k). / \ N

== -1 0+ t  Figure P4.37

(c) Find another signal g(¢) such that g(z) is not the same as x(¢) and

() = g(nyx > 8(t—4k).

=—x

(a) Note that
z(t) = x(t) » za (1),
where ; il < i
Sl 3 L -1
#i(¢) = { 0, otherwise

Also, the Fourier transform X (jw) of z1(t) 1s

i sinf{w/2
X (w) = zi_f.;ﬂ_
Using the convolution property we have
L sin(w/2)1?
X (i) = Xulw) Xy jw) = [z—‘—w{—)] ‘

(b) The signal Z(t) is as shown in Figure 54.37
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Figure S4.37

(e) One possible choice of g(t) is as shown in Figure 54.37.





