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Sec. 1.1 Continuous-Time and Discrete-Time Signals 5
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Figure 1.7  Graphical representations of (a) continuous-time and (b) discrete-
time signals.

autopilot or speech and music for an audio system. Also, pictures in newspapers—or in this
book, for that matter—actually consist of a very fine grid of points, and each of these points
represents a sample of the brightness of the corresponding point in the original image. No
matter what the source of the data, however, the si%nal x[n] is defined only for integer
values of n. It makes no more sense to refer to the 35th sample of a digital speech signal
than it does to refer to the average budget for a family with 2% family members.

Throughout most of this book we will treat discrete-time signals and continuous-time
signals separately but in parallel, so that we can draw on insights developed in one setting
to aid our understanding of another. In Chapter 7 we will return to the question of sampling,
and in that context we will bring continuous-time and discrete-time concepts together in
order to examine the relationship between a continuous-time signal and a discrete-time
signal obtained from it by sampling.

1.1.2 Signal Energy and Power

From the range of examples provided so far, we see that signals may represent a broad
variety of phenomena. In many, but not all, applications, the signals we consider are di-
rectly related to physical quantities capturing power and energy in a physical system. For
example, if v() and i(7) are, respectively, the voltage and current across a resistor with
resistance R, then the instantaneous power is

1
p(t) = v(Di(t) = k—vza). (1.1)
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28 Signals and Systems Chap. 1

According to eq. (1.56), the signal e/0" is periodic if wo/27r is a rational number and is
not periodic otherwise. These same observations also hold for discrete-time sinusoids. For
example, the signals depicted in Figure 1.25(a) and (b) are periodic, while the signal in
Figure 1.25(c) is not.

Using the calculations that we have just made, we can also determine the funda-
mental period and frequency of discrete-time complex exponentials, where we define the
fundamental frequency of a discrete-time periodic signal as we did in continuous time.
That is, if x[n] is periodic with fundamental period N, its fundamental frequency is 27/N.
Consider, then, a periodic complex exponential x[n] = e/“" with wy # 0. As we have
Jjust seen, wo must satisfy eq. (1.56) for some pair of integers m and N, with N > 0. In
Problem 1.35, it is shown that if w( # 0 and if N and m have no factors in common, then
the fundamental period of x[n] is N. Using this fact together with eq. (1.56), we find that
the fundamental frequency of the periodic signal e/0" is

2 Wy
— = —. L.
N - (1.57)
Note that the fundamental period can also be written as
2
N = m(—”). (1.58)
wo

These last two expressions again differ from their continuous-time counterparts. In
Table 1.1, we have summarized some of the differences between the continuous-time sig-
nal /0" and the discrete-time signal e/“0", Note that, as in the continuous-time case, the
constant discrete-time signal resulting from setting wy = 0 has a fundamental frequency
of zero, and its fundamental period is undefined.

TABLE 1.1 Comparison of the signals e/’ and e/«".

elwot elwon

Distinct signals for distinct values of w,  Identical signals for values of w,
separated by multiples of 27

Periodic for any choice of w Periodic only if wy = 27m/N for some integers N > 0 and m.
Fundamental frequency w, Fundamental frequency” w/m
Fundamental period Fundamental period”

wo = 0: undefined wo = 0: undefined

(1)()7501‘%—: (1)()?502m(z—;—:)

*Assumes that m and N do not have any factors in common.

To gain some additional insight into these properties, let us examine again the signals
depicted in Figure 1.25. First, consider the sequence x[n] = cos(27n/12), depicted in
Figure 1.25(a), which we can think of as the set of samples of the continuous-time sinusoid
x(t) = cos(27t/12) at integer time points. In this case, x(¢) is periodic with fundamental
period 12 and x[n] is also periodic with fundamental period 12. That is, the values of x[n]
repeat every 12 points, exactly in step with the fundamental period of x(z).
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