Signal power and power spectral
density,
properties of power spectral
density



Motivated by situations in which x(t) is the voltage across (or current through) a
unit resistor, we refer to *(t) as the instantaneous power in the signal z(t). When
r(t) is WSS, the erpected instantaneous power is given hy
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where Sy (jw) is the CTFT of the autocorrelation function Ry,(7). Furthermore,
when x(t) is ergodic in correlation, so that time averages and ensemble averages
are equal in correlation computations, then (10.1) also epresents the time-average
power in any ensemble member, Note that since Ry,(r) = Ryy(~7), we know
Sez(jw) is always real and even in w; a simpler notation such as Pyy(w) might
therefore have been more appropriate for it, but we shall stick to S, (jw) to avoid
a proliferation of notational conventions, and to keep apparent the fact that this
quantity is the Fourier transform of R, (7).




The integral above suggests that we might be able to consider the expected (in-
stantaneous) power (or, assuming the process is ergodic, the time-average power)
in a frequency band of width dw to be given by (1/27)S;;(jw)dw. To examine
this thought further, consider extracting a band of frequency components of x(t)
by passing x(t) through an ideal bandpass filter, shown in Figure
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Because of the way we are obtaining y(t) from z(t), the expected power in the
output y(f) can be interpreted as the expected power that x(f) has in the selected

passband. Using the fact that
Syyljw) = \H(jm)|25m(jw) ;

we see that this expected power can be computed as
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s indee the expected pover of o(t) n the passhand. It i therfore reasonable to
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s useful to have a name for the Laplace transtorm of the autocorrelation fmction;
we shall efer to 3, (s) as the complez PSD.
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