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x[n] = cos (O-n) = 1 x[n] = cos (1Tn/8) x[n] = cos (wn/4)

(o) (©

x[n] = cos (mn/2) x[n] = cos mn x[n] = cos (31n/2)

(@) C

x[n] = cos (7mn/4) x[n] = cos (157n/8) x[n] = cos 2mn

O

Figure 1.27 Discrete-time sinusoidal sequences for several different frequencies.
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Chap. 1

1.17.

1.18.

1.19.

1.20.

Problems 59

(a) Is the system memoryless?

(b) Determine the output of the system when the input is Ad[n], where A is any
real or complex number.

(c) Is the system invertible?

Consider a continuous-time system with input x(¢) and output y(¢) related by

y(@) = x(sin(z)).

(a) Is this system causal?
(b) Is this system linear?

Consider a discrete-time system with input x[n] and output y[#] related by

n+ng

yinl = > xlk],

k=n-ngy

where ny is a finite positive integer.

(a) Is this system linear?

(a) Is this system time-invariant?

(¢) If x[n] is known to be bounded by a finite integer B (i.e., |x[n]| < B for all n), it
can be shown that y[n] is bounded by a finite number C. We conclude that the
given system is stable. Express C in terms of B and ny.

For each of the following input-output relationships, determine whether the corre-
sponding system is linear, time invariant or both.

(@) y(n) = x( - 1) (b) yln] = x*[n—2]

(©) ylnl = x[n+ 11— x[n—11 (d) y[n] = Od{x(n)}

A continuous-time linear system S with input x(¢) and output y(#) yields the follow-
ing input-output pairs:

. S .
x(1) = e/ = y(r) = &,
, S .
x(1) = e /¥ — y(t)y = e .

(a) If x;(r) = cos(2t), determine the corresponding output y;(f) for system S.
(b) If x,(t) = cos2(t — %)), determine the corresponding output y,(#) for sys-
tem S.

BASIC PROBLEMS

1.21.

1.22.

A continuous-time signal x() is shown in Figure P1.21. Sketch and label carefully
each of the following signals:

(@ x(tr—1) () x2-1 (€) x2r +1)

@ x@d -5 (e [x(@) + x(=Dlu@)  @® x(OB¢+3)— 81~ )]

A discrete-time signal is shown in Figure P1.22. Sketch and label carefully each of
the following signals:

(@ x[n—4] (b) x[3 —n] (©) x[3n]

d) x[3n+ 1] (e) x[n]ul3 — n] ® x[n—2]6[n — 2]

(® 3x[n]+ 3(=D"x[n]  (h) x[(n — 1)]















































































































































































































128 Linear Time-Invariant Systems Chap. 2

2.5.1 The Unit Impulse as an ldealized Short Pulse

From the sifting property, eq. (2.27), the unit impulse 8(z) is the impulse response of the
identity system. That is,

x(t) = x(1) *6(1) (2.133)
for any signal x(¢). Therefore, if we take x(r) = &(r), we have
8(r) = 6(t) * 6(1). (2.134)

Equation (2.134) is a basic property of the unit impulse, and it also has a significant im-
plication for our interpretation of the unit impulse as an idealized pulse. For example, as
in Section 1.4.2, suppose that we think of 6(r) as the limiting form of a rectangular pulse.
Specifically, let 84(1) correspond to the rectangular pulse defined in Figure 1.34, and let

ralt) = 0a(1) * 8a(1). (2.135)

Then ra(t) is as sketched in Figure 2.33. If we wish to interpret 6(¢) as the limitas A — 0 of
8 (1), then, by virtue of eq. (2.134), the limitas A — 0 for r4(¢) must also be a unit impulse.
In a similar manner, we can argue that the limits as A — 0 of ry(¢) * ra(z) or ra(t) * 6a(1)
must be unit impulses, and so on. Thus, we see that for consistency, if we define the unit
impulse as the limiting form of some signal, then in fact, there is an unlimited number of
very dissimilar-looking signals, all of which behave like an impulse in the limit.

The key words in the preceding paragraph are “behave like an impulse,” where, as
we have indicated, what we mean by this is that the response of an LTI system to all of
these signals is essentially identical, as long as the pulse is “short enough,” i.e., A is “small
enough.” The following example illustrates this idea:

)

L=

Figure 2.33 The signal ry(t)
0 2 U defined in eq. (2.135).

Example 2.16

Consider the LTI system described by the first-order differential equation

dy(n)

dt

together with the condition of initial rest. Figure 2.34 depicts the response of this system
to 8 (1), ra(r), ra(t) * 8a(1), and ra(r) = ra(r) for several values of A. For A large enough,
the responses to these input signals differ noticeably. However, for A sufficiently small,
the responses are essentially indistinguishable, so that all of the input signals “behave”
in the same way. Furthermore, as suggested by the figure, the limiting form of all of these
responses is precisely e u(r). Since the limit of each of these signals as A — 0 is the
unit impulse, we conclude that e” > u(r) is the impulse response for this system.’

+2v(1) = x(0), (2.136)

*In Chapters 4 and 9, we will describe much simpler ways to determine the impulse response of causal
LTI systems described by linear constant-coefficient differential equations.
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