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Continuous-Time Signals and Systems Che

Procedures are developed for expressing certain types of signals as mather

ical functions. Nonsinusoidal periodic functions are introduced, and a technique
writing equations for these periodic signals is presented.

A general technique is then given for expressing the output of a continu

time system that is an interconnection of systems. An example is given of a feedb:
control system. Several important properties of systems are defined, and proced
are given to determine whether a system possesses these properties.

This chapter is devoted to continuous-time signals and systems. In Chapte

the same topics are developed as they relate to discrete-time signals and syste
Many of the topics are identical; however, in some cases, there are significant dif
ences. (See Table 2.4.)

PROBLEMS

2.1. The signals in Figure P2.1 are zero except as shown.

(a) For the signal x(¢) of Figure P2.1(a), plot
(1) x(=2/3) (i) x(—1)
(i) x(3 + 1) (iv) x(2 = 1)

Verify your results by checking at least two points.

x(1) 4
3 <

x(r)

3+

Figure P2.1
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(b) Repeat (a) for the signal x(z) of Figure P2.1(b).
(c) Repeat (a) for the signal x(¢) of Figure P2.1(c).

2.2. The signals in Figure P2.1 are zero except as shown.
(a) For the signal x{r) of Figure P2.1(a), plot
(i) 4x(r) -2 (i) 2x(r) + 2
(Gid) 2x(2r) + 2 (iv) —4x(t) +2
Verify your results by checking at least two points.
(b) Repeat part (a) for the signal x(¢) of Figure P2.1(b).
(¢) Repeat part (a) for the signal x(¢) of Figure P2.1(c).
2.3.) You are given the two signals in Figure P2.3.

(a) Express y(¢) as a function of x(r).
(b) Verify vour result by checking at least three points in time.

(2.4.] You are given the signals x(¢f) and y(¢) in Figure P2.4.

(a) Express y(r) as a function of x(z).
(b) Verify your results by chec'kmg at least three points in time.

(e) Express x(t) as a function of y(r).
(d) Verify the results of part (c) by checking at least three points in time.

3 ( 2.5.) Given
x(e) = 4(c + Dur + 2) — drufr) — du(r — 2) — 4(t — 4)u(t — 4) + 40t — Su(r — 35),
3 find and sketch x(2t — 4).

x(1) 4

(b) Figure P2.3
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2.6. Given

AT

x(0) = Su(t +2) — w(t) + 3ult — 2) — Tu(t — 4),
find and sketch x(—2t — 4).
2.7. Plot the even and odd parts of the signal of

{(a) Figure P2.1(a)

(b) Figure P2.1(b)

(c) Figure P2.1(c)

(d) Figure P2.4(a)

(e) Verify your results, using (2.11).

LT W ’i

; 2.8. For each of the signals given, determine mathematically whether the signal is even,
odd. or neither. Sketch the waveforms to verify your results.
a) x(r) = —4
w | W p=
& /b) x(t) = €™
:‘_" Te) x(r) = Scos 3t
g (d) x(r) = sin(3t — J)

(e) x(r) = ult)
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2.9. The average value A, of a signal x(r) is given by
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Az = lim / x(t)dz.
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Let/x,(¢) be the even part and x,(¢) be the odd part of x(¢).

(a) |Show that
T
R
P87 [ 04 = O
{(b) Show that
N
lim_; T,te(l)dt = A,

T—o2

(¢) |Show that x,(0) = 0 and x,.(0) = x(0).
Give proofs of the following statements:

(a) | The sum of two even functions is even.
(b) | The sum of two odd functions is odd.

(¢) |'The sum of an even function ard an odd function is neither even nor odd.

(d) | The product of two even functions is even.
(e) | The product of two odd functions is even.

(f) | The product of an even function and an odd function is odd.
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.| Given in Figure P2.11 are the parts of a signal x(r) and its odd part x,(¢), fort = 0 only;

that is, x(7) and x,(¢) for r < 0 are not given. Complete the plots of x(f) and x.(t), and
give a plot of the even part, x,(t), of x(1). Give the equations used for plotting each part

of the signals.

Prove mathematically that the signals given are periodic. For each signal, find the fun-

damental period 7} and the fundamental frequency wy.

(a) | x(r) = Tsin3t
(b) x(t) = sin(8 + 30%)

x(t) 4

(5]

ra |

x.(7) 4

'

Figure P2.11
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. For each signal, if it is periodic, find the fundamental period T; and the fundamenta]

\(b)/x(r) = cos 61 + sin 8¢ + e/, !

- ( (a)/ Consider the signal

Continuous-Time Signals and Systems ~ Chap. 2 -:

(e) x(r) = ™

(d) x(1) = cost + sin2t
(e) x(1) = ,.‘tfH—.‘.‘}

) x(r) = ¢ '¥ 4 /1%

frequency wy. Otherwise, prove that the signal is not periodic.
q

(a). x(r) = cos 3¢ + sin 5¢.

(c) x(r) = cost!|+ sin .

(d) x(r) = x;(r)|+ x5(31) where x,(1) = sin(%) and x,(1) = sin{zfl

x(r) = dcos(12r + 40°) + sinl6r.

If this signal is periodic, find its fundamental period Tj and its fundamental
~, frequency wy. Otherwise, prove that the signal is not periodic.

u__(h) Repeat Part (a) for the signal

x(t) = cosdt + 3¢~ 1%
(¢) Repeat Part (a) for the signal
x(t) = cos 2t + sin 6r.

(d) Repeat Part (a) for the signal x,(1) = x1(f) + x3(r) + x5(¢), where

g ; S [t +n 5 T
xy(t) = cos(mt), x5(1) = E rt’cr( = |, and x3(¢) = 4~m =
n=-—0oc U'L - 4 /

5. Suppose that x,(1) is periodic with period T and that x5(r) is periodic with period 7>.

(a) Show that the sum
x(t) = x;(r) + x5(1)

is periodic only if the ratio T,/ is equal to a ratio of two integers ky/k,.
(b) Find the fundamental period T, of x(z), for TVT, = kylk,.

. Find

/ &(at — b)sin®(t — 4)dt,

where a > 0, (Hint: Use a change of variables.)

- Express the following in terms of x(1):

¥(t) =

/ x(D)[8(r — 2) + 8(r + 2)]dr.

1
2
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(a) Write a mathematical function for this waveform.

| :

Figure P2.18

i
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% 2.18/ Consider the triangular pulse of Figure P2.18(a).

i (a) Write a mathematical function for this waveform.

; (b) Verify the results of Part (a), using the procedure of Example 2.12.

i (¢) Write a mathematical function for the triangular wave of Figure P2.18(b), using the

E results of Part (a). i

: ¢

i o . s oo i

i 2.19. Consider the trapezoidal pulse of Figure P2.19(a). l

¢ fed
|

(b) Verify the results of Part (a), using the procedure of Example 2.12.

xy(0) 4
:‘, -
] | |
1 2 3 4 5 6 7 8 9 t
(a)
x3(1)
8= e ———
I | | ]
=1 1 2 3 4 5 6 7 8 9 4

Figure P2.19
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(¢) Write a mathematical function for the waveform of Figure P2.19( b), using the re.
sults of Part (a).

2.20. (a) Prove the time-scaling relation in Table 2.3:

00 [ p OO
/ d(at)dt = */ é(r)d:.
—00 lﬂl J=nc

(Hint: Use a change of variable.)
(b) Prove the following relation from Table 2.3

u(t — tg) = f 8(7 = 1y)dr.

(¢) Evaluate the following integrals:

-

(i) / cos(2)5()dr

: e <]
(ii) / sin(20)8(r — T4 )dt :
J—00 "?
(iii) / cos[2(r — Tl))8(t — T4 )dt

ﬁw/swu—mw—bm

) /smu—ummﬁmm
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Express the following functions in the general form of the unit step function

u(t — tp):

(a) u(2r + 6)

(b)) u(-2t + 6)

(e) wu(i + 2)

(d) u(; —2)

In each case, sketch the function derived.

2.22. | Express each given signal in terms of u(t = ty). Sketch each expression to verify the
results.
(@) u(-1)
(b) u(3 — t)
(©) tu(-1)
(d) (r = 33 - t)
2.23) (a) Express the outpul y(t) as a function of the input and the System transformations,

in the form of (2.56), for the System of Figure P2.23(a).
(b) Repeat Part (a) for the system of Figure P2.23(b).
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(b) ! Figure P2.23

1
(c) Repeat Part (a) for the c;:sc.j that the summing junction with inputs ys(¢) and va(t) is
replaced with a multiplication junction, such that its output is the product of these
two signals.
(d) Repeat Part (b) for the cas¢ that the summing junction with inputs ya(¢), yy(r), and
ys(r) is replaced with a multjplication junction, such that its output is the product of
these three signals.

Consider the feedback system gf Figure P2.24. Express the output signal as a function
of the transformation of the input signal, in the form of (2.58).

|
Consider the feedback system gf Figure P2.25. Express the output signal as a function
of the transformation of the input signal, in the form of (2.58). The minus sign at the
summing junction indicates that the signal is subtracted.

a : | §
(a) Determine whether the system described by

o1+ 1
lv(z) = / x(r—a)dr

Figure P2.24
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[ Figure P2.25
(wWhere awis a constant) is
(i) memoryless, (ii) invertible,
(iii) stable, (iv) time invariant, and
(v) linear.
(b) For what values of the constant « is the system causal?

- J/(a) Determine whether the system described by

¥(1) = cos[x(t — 1]

is

(i) memaryless, (ii) invertible.
(iii) causal, (iv) stable,
(v) time invariant, and (vi) linear.

(b) Repeat Part (a) for

y(t) = 3x(3t + 3).
(c) Repeat Part (a) for

¥(1) = In[x(r)].
(d) Repeat Part (a) for
y(t) = ),

(e) Repeat Part (a) for

¥() = 7x(t) + 6.
(f) Repeat Part (a) for

) = / x(57)dr.
(g) Repeat Part (a) for
¥it) = ek‘f‘”‘/‘ x(r)e 74,

(h) Repeat Part (a) for

y() = /:lx(?)u"r.

iy
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Problems

x5(2)

Figure P2.28

228. (a) You are given an LTI system. The response of the system to an input
x1(8) = u(t) — u(r - 1)
is a function y(r). What is the response of the system to the input Xx5(1) in
Figure P2.28 in terms of nle)?
(b) You are given another LTI system with the input shown in Figure P2.28. Find the
output y,(t) in terms of the System’s output, y(z), if y1(r) is in response to the input
xi(t) = 2u(t — 1) — ufr - 2) = u(t — 3).
2.29

Determine whether the ideal time delay

¥e) = x(t — 1)
is
(i) memoryless,

(ii) invertible.
(i) causal,

(iv) stable.

(¥) time invariant, and (vi) linear.

™
i
=

Let (7) denote the response of a system for whic}

1 the input signal s the unit impulse func-
tion 8(¢). Suppose that h(z) for a ca

usal system has the given even part h(r)forr > 0

ho(t) = tu(t) — w(r — D]+ u(t — 1), > 0.

Find k(1) for all time, with your answer expressed as a mathematical function,

2.31. (a) Sketch the characteristic y versus x for the system y(r) = [x(r)|. Determine
whether this system is

(i) memoryless,

(iii) causal,

(¥) time invariant, and
(b) Repeat Part (a) for

(ii) invertible,
(iv) stable,
(vi) linear.

(1) = Xl’f ) x=0
Y= 0, x< (@
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(¢) Repeat Part (a) for

-10, x < -1
y(t) =< 10x(0), |x] =1.
10, x>1

(d) Repeat Part (a) for

2 2<x

1 I<x=2
yt) =40, O0O<x=1 .

-1, =-l<x=0

-2, x=-1

Chap. 2




