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Single-Sided Spectrum

x(t) = a, + Z(an cos(nw,t) + b, sin(nwot)) x(t) = g, + D, g,cos(nwyt + ¢,)
n=1 n=1
I T _
S = a
a, T J'Ox(t) dt &o o2 :
2 (7 g = Va,tb,
a, = = fox(t) cos (nw,t) dt b
2 T . q)n = tan ——
by = % J,x(t) sin (nwyr) di z
=1 2 n =12
cos(o+p) = cos(a) cos(p) — sin (o) sin(B)

g, cos(nooot + q)n) = g cos(q)n) cos(nooot) - g, sin(q)n) sin(nooot)
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Two-Sided Spectrum
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_ 2
b, = = J, x(2) sin (nw,t) dt 4 (a0
n=12 .. C, =44 (n>0)
B, (n<0)
x(t) = 4y + 2[4, + B, "]
n=1 A
C,| = 2" (n # 0)
4, = a,
| b,
An:l(an_jbn) +¢n=tan1—a— (n > 0)
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Periodogram

x(t) = a, + Z(an cos(nw,t) + b, sin(nooOt))
n=1

1 o7 2 o1
ay = & fo x(t) dt a, = & fo x(t) cos (nw,t) dt
7 or
a, = = _fo x(t) cos (nw,t) dt
2 T :
b, = T fox(t) sin (nw,t) dt
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Positive Frequency Only
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Single-sided Spectrum

ai+bi
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Constant Periodic Signal

instantaneous power X (1)
_|_
1 T
1Q v(t) = x(1) average power Fj" X2 (t) dt
0
- T : period
v(¢) = x(¢) Continuous Periodic
) CTFS (Fourier Series) Parseval’s Theorem
+00 . 1 T +o0
x(t) = ), C, e’ ?J‘ X()dt = 2, |C,|°
n=—oo 0 n=-—oo
c = %j"jx(t) LI average power  sum of
power spectrum C,
n= -2,-1,0, +1, +2, ..
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CTFS and CTF

Continuous Time Fourier Series

T | i |
C, = % fo x(t) e’"™" dt = x(t) = Z C e’
n=0

Continuous Time Fourier Transform

L™ x(jw) e dw
21T Vo

X(jw) = Ii:x(t)e_jwtdt = x(z)

X(f) = fi:x(t) e g wm o x(t) = Ii:X(f) e d f
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Constant Aperiodic Signal

instantaneous power X (1)
_|_
1Q % v(t) = x(t) total energy fxz(t) dt
0
- T : period
v(¢) = x(¢)  Continuous Aperiodic
) CTFT (Fourier Integral) Parseval’'s Theorem
. Py = J X0 df
x(t) = [ _x(f)e”af { _fw
» | total energy integral of
X(f) = [ x(t)eat energy spectral
density |x(f)|?
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Periodogram

A truncated sample function
x.(t) = x(t) -TI2 <t < +T/2
= 0 otherwise

Fourier Transform

X (o) = ToxT(t) e’ dt x. (1) = =— fXT(oo) e’ dw

X,(f) = [ x () e ar ole) = [ X,(f) e g

Parseval’s Therorem

+o0o

[ b0 de = [ 1x, (7 ar

—0o0

Average Power

1°¢ s vl
?_fwa(t) dt = det
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Average Power

A truncated sample function
x.(t) = x(t) -TI2 <t < +T/2
= 0 otherwise

Fourier Transform

X (o) = ToxT(t) e’ dt x. (1) = =— fXT(oo) e’ dw

X,(f) = [ x () e ar ole) = [ X,(f) e g

Parseval’s Therorem

+o0o

[ b0 de = [ 1x, (7 ar

—0o0

Average Power

1°¢ s vl
?_fwa(t) dt = det
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Raw Power Spectral Density

Average Power

i CIE
Raw Power Spectral Density
RE1VD

T Sxx(f)

+ o0 400 X 2

lim lfsz(t) dt = lim f' /) df

T —o0 T_oo T—> o 0 T

. 177 2 : i |XT(f)|2
Ellim — t) dt =

— T_[oxT() E;Tl J; r Y
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Power Spectral Density

Average Power

+002 +o0 XT 2 | +OOA
Flowa = Py < Tsa

T

Raw Power Spectral Density

X

T — xx(f)
E ;1_12 %_wxi(t) dt = E ;1330 I'XT;f)l df
Var(x(t)) = o = lim T E“X;(f)' ] df = fogxx(f)df
Power Spectral Density
jim EMAE] o

T — o
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Power and Power Density Spectra

Average Power
E[x*(1)] = %J.sz(t) dt

Average Power of N sample of x(t)

N NAt N-1

1 v 1 ) 1 2
e 7 = — X
v 2 o { x*(t) dt 2 X, |
N—-1 1 N-1 ’
o= 21X, w=o01,, N—1
n=0 N m=0
Periodogram: Average Power Total Energy
1 5 N-1 1 N-1 N-1 N-1
— 2 2
n=0 m=0 n=0 m=0
m=0,1,---, N—1 N A
~ | XP(e) dt
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