














206 BANDPASS SIGNALING TECHNIQUES AND COMPONENTS

where x(1) = Re{g(r)} and y(r) = Im{g(t)}. x(r) is said to be the in phase
modulation associated with v(¢) and y(¢) is said to be the quadrature modulation
associated with v(t). Alternatively, the polar form of 8(1), represented by R(¢)
and 0(1), is given by (4-2), where the identities between Cartesian and polar
coordinates are given by (4-3) and (4-4). R(?) and 0(z) are real waveforms and,
in addition, R(z) is always nonnegative. R(7) is said to be the amplitude modu-
lation (AM) on ©(t) and 6(7) is said to be the phase modulation (PM) on o(z).
It is also realized that if v(7) is a deterministic waveform, x(¢), y(r), R(¢), and
8(2) are also deterministic. If v(z) is stochastic, for example representing band-
pass noise, x(1), y(z), R(z), and 6(z) are stochastic baseband processes. Thus, in
general, bandpass noise includes both AM, R(r), and PM, 6(z), noise compo-
nents. This will be discussed further in Chapter 6. The usefulness of the complex
envelope representation for bandpass waveforms cannot be overemphasized. In
modern communication systems, the bandpass signal is often partitioned into
two channels, one for x(z) called the / (in-phase) channel and one for y(r) called
the Q (quadrature-phase) channel.

Bandpass Filtering

In Sec. 2-6 the general transfer function technique was described for the treat-
ment of linear filter problems. Now a shortcut technique will be developed for
bandpass filters. It is emphasized that this technique is applicable only for band-
pass filters and waveforms. Here the complex envelope can also be used to
describe bandpass filter characteristics. Since the impulse response of a bandpass
filter A(z) is a (deterministic) bandpass waveform, it may be represented by a
complex envelope k(r) as shown in Fig. 4-2.

Theorem. Referring to Fig. 4-2, the complex envelope out of a bandpass
filter is given by

8at) = 2g,(0)k(r) (4-9)

where g,(7) is the complex envelope of the input and k(z) is the complex
envelope of the impulse response. It also follows that

Gy(f) = 3G,(HK(S) (4-10)

This theorem may be proved by using the properties of linear systems (Sec.
2-6) and is given as a homework problem at the end of this chapter.

v (t) =Re telwct 1) = Re[g,(r)eiwct
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h(r) = Re[k(t)efct] o

FIGURE 4-2 Filtering bandpass waveforms. -
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