
Power Spectral Density function PSD chapter 10.1

Definition If Xlt is a WSS RP w R It

then the power spectral density of Xlt is
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A measure of the average
as a function of frequency

It is only defined for WSS Rps
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Intuition and power spectral density function
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PSD is just auto correlation in another form

so it's a different way to represent the

same thing
Sometimes we can get more insight from

one form than another But intuition can be

obtained from either

Rx It E Xlt Xlt TD t represents how

far apart the samples
if there is still a we're considering one

high correlation when T is large
then Xlt must not vary quickly
If Xlt doesn't vary quickly it must be

comprised of mostly Lowfrequenais
Ifa low correlation when I small then
Xlt typically varies quickly

comprised mostly of high frequencies



Properties of PSD

Swf is a real function

because Rx It is even symmetric
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Cannot compute s lf unless Xlt bW

Sx tf O always

Average power oo

EL X'It Rilo Sx f df
UO

computed by integrating
the PSD over all frequencies

which is consistent with the notion

of a power spectral density
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PSD is also a measure of the

average distribution of signal
power as a function of frequency
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Examples of PSD

a constant RP Xlt A where 1 is
a RV

This is WSS because E Xlt constant
and El Xlt Nta a function f te t
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PSD and LTI systems chapter 10.2

mainresulth
Xlt is a NSS RP and it is input

to a stable Linear Time Invariant LTI

system with input response htt

then the output Yle is also a Nss RP

And if Xlt has PSD S If
then Ylt has PSD
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where Hlf htt e
ft
dt

Note a stable LTI system is one for which

1hAM is finite



Example Xlt is WSS RP

Mx to volts E Xlt

LTI impulse response

htt
exp Yaz oft so I see

else

what is expected value of output Yle
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This is a constant
not dependent on

t or I since
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Proff yet htt Xlt
of WSSof
yet Ihle Xlt F de

we're going to have
trouble w T notation's so let's use t for the
autocorrelation and I and or I for convoluta

To Show WSS need
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constant
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Also need Ry t t t to be depend only
on T not t
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does not dependon t
because Xlt is WSS

htt htt Rx 1 t t th de dtz

this depends on I but not on t

so Y t is WSS



Power Spectral Density of yet
00

Sylt f Ry t e
J ft

de

TO

htt hEz Rx Lt t E e
THE

dt dt dt
hrm previous page

fff htt htt Ry t e
524ft it E

using a change of variables
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now separable
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