Chap. 3 Problems

(a) Find the differential equation relating x(r) and y(z).

(b) Determine the frequency response of this system by considering the output of
the system to inputs of the form x(¢) = e/,

(c) Determine the output y(¢) if x(r) = sin(#).

BASIC PROBLEMS

v
3.21. A continuous-time periodic signal x(¢) is real valued and has a fundamental period
T = 8. The nonzero Fourier series coefficients for x(¢) are specified as

ay = Cl*_l = jas = a-5 = 2.

Express x(¢) in the form

x(t) = iAk cos(wyt + ¢k)

k=0

3.22. Determine the Fourier series representations for the following signals:
(a) Each x(¢) illustrated in Figure P3.22(a)—(f).
(b) x(¢) periodic with period 2 and

x()=e" for —1<t<1

N A
s| /t

Vv

Figure P3.22




Fourier Series Representation of Periodic Signals
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(M Figure P3.22 (o
(¢) x(z) periodic with period 4 and‘

n = sinmrt, 0=¢f=2
X = 0, 2<t=4

3.23. In each of the following, we specify the Fourier series coefficients of a continy
time signal that is periodic with period 4. Determine the signal x(¢) in each cag
k=20
, otherwise
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© a {0, otherwise
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. Let
-5 O0=tr=1
x(t)"{z-—t, l=t=2

be a periodic signal with fundamental period T = 2 and Fourier coefficients a

(a) Determine the value of ap.

(b) Determine the Fourier series representation of dx(#)/dt.

(¢) Use the result of part (b) and the differentiation property of the continuous-
Fourier series to help determine the Fourier series coefficients of x(2).
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3.25. Consider the following three continuous-time signals with a fundamental period of
T = 1/2:

x(t) = cos(47rt),
¥(t) = sin(4t),
1) = x(@)y@).

(a) Determine the Fourier series coefficients of ¥(f). -

(b) Determine the Fourier series coefficients of y(z).

(c) Use the results of parts (a) and (b), along with the multiplication property of the
continuous-time Fourier series, to determine the Fourier series coefficients of
z(r) = x(O)y ().

(d) Determine the Fourier series coefficients of z(#) through direct expansion of z(z)
in trigonometric form, and compare your result with that of part (c).

Let x(¢) be a periodic signal whose Fourier series coefficients are

(2 k=0
U = j(%)"d, otherwise *

Use Fourier series properties to answer the following questions:
(a) Is x(¢) real?

(b) Is x(t) even?

(c) Is dx(t)/dt even?

A discrete-time periodic signal x[n] is real valued and has a fundamental period
N = 5. The nonzero Fourier series coefficients for x[n] are

T
3

ap=2,a =a', =2, a4 =a",=¢

Express x[n] in the form

x[n] = Ag + > Agsin(win + ).
k=1

Determine the Fourier series coefficients for each of the following discrete-time
periodic signals. Plot the magnitude and phase of each set of coefficients ay.

(a) Each x[n] depicted in Figure P3.28(a)-(c)

(b) x[n] = sin(2wn/3) cos(mn/2)

(¢) x[n] periodic with period 4 and

x[n] = 1—sin%’3 for0 =n =3

(d) x[n] periodic with period 12 and

x[n] = l—sinzrf for0 = n = 11




