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Energy Signals #

e If x(t) is an energy signal with normalized energy E, :

— then y(t) = x(t)xAe27°t is also an energy signal with
E, = A’E, ;
- And z(t) = x(t)xAcos2f t is also an energy signal

with E, = (A%/2)E, ; (this assumes that f, > B, where
B, is the bandwidth of x(t))

o Y(f) = AX(f-f,). Donc G/(f) = |Y(f)|? = |AX(f-f,)|? =
A2Gx(f-f,). E, est donnee par :

E, =4 [G.(f = f,)df
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Energy Signals

Replace f-f, by f"and we obtain :
E, =4 [G.(fdf' = 4E,
For z(t) = x(t)xAcos2af t , we note that z(t) can be

expressed as:

2(t) = L x(t)e’*7" + 4 x(t)e /7!
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Power signals #

e Similarly, we can show that if x(t) is a power signal with
normalized power P, :

— Then y(t) = Ael2#otx(t) is also a power signal with
power P, = A%P, ;

- And z(t) = x(t)xAcos2f t is also a power signal with
power P, = (A%/2)P, ; (for f, > B, where B, is the
bandwidth of x(t)).




Symmetry of autocorrelation functions &

o If x(t) is a real signal, its autocorrelation function is an
even function.

e Assume that x(t) is an energy signal and that x(t) =
x*(t), o (7) is given by :

o0

p.(7) = [x(0)x"(t —7)dt

—0Q0

e Remplacons t-r par t’ et on obtient :

p,(0) = [x(t+0)x ()dt'= [ x(t+0)x(t)dt'= 9, (-7)
e Similarly, we can show that R,(7) = R (-7) if x(¢t) is a
real power signal.
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Symmetry of Energy and Power

Spectral Densities -~

o If x(t) is a real signal, then its ESD or PSD is an even
function.

— Since x(t) is real, its autocorrelation is even.

— The ESD or PSD is the Fourier Transform of the ESD
or PSD.

— The FT of an even function is always even.
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Symmetry of Energy and Power
Spectral Densities —

e Assume that x(t) is a real power signal with

autocorrelation function R, (7).
Its PSD is :

Sy(f)= [Ru()e T dr

S.(f)= [R,(@e " dz

Replace r by -u and we obtain

S, (1) == [ R (e Wy = [R (e Wdu =5, (1)
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Multiplication by cos(24f,t) #

e Suppose that x(t) is an energy signal and that y(t) =
Ax(t)cos(2f, t) (for f, > B, where B, is the bandwidth of

x(t)).

e The autocorrelation function of y(t) is :

?, (r)=A° Tx(t)x* (t—7)cos(2rf t)cos(2af (¢t —1))dt

—00
2

= AT x(t)x" (1 —7)cos(2Af,7)dt + A? .[ x(t)x" (t = 7)cos(27f, (2t — 7))dt

—00 —00

:A—zcos(Z@p T)_[x(t)x (t— T)dt—A_%(T)COS(z’y{ 7)
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Multiplication by cos(24f,t) #

e Similarly, if x(t) is a power signal then the
autocorrelation o; y(t) = Ax(t)cos(2af,t) is :
A
R, (7)= 7Rx (r)cos(27f,7)

e (forf, > B, where B, is the bandwidth of x(t)).
o Therefore G (f) = (A%/4)G,(f-f,)+(A%/4)G,(f+f,) if x(t) is

an energy signal and S (f)= (A%/4)S,(f-
f.)+(A2/4)S (f+f,) if x(t) is a power signal.




