Lecture 4

TABLEZ.1  SYMMETRY PROPERTIES OF THE FOURIER TRANSFORM
Sequence Fourler Transform
x[n] X e}

I. a*[n] XK e~ ™

2, x*[—n] X*{ede)

3 Relx[n]} Xele!™)  (conjugate-symmetric part of X (e/))

4. iTmix[n]) X alel® {conjugate-antisvimmerric partof X (o))
5 aeln]  (conjugate-symmwetrie part of x[=1) Xpie'™ = RelX (o™}

6. xaln]  (conjugnte-antisvmmetrie part of x[m]) X (o) = fEm[X (25}

. Agln]

» Xaln]

The following properties apply only when x| is real;

. Ay real x(n]
. Any real xn]
, Ay real x(n]
. Any real xq]

. Any real x[n]

(ewven part of x[r])

(o et of x[m])

X (o'} = X* ¢~/ (Fourier transform s conjugate symmetrich

X gie!™) = Xple= /™) {real part is even)
Xp{e®) = = Xp{e™=)  (imaginary part is odd)
| X (e = |X (™™  (magnitude is even)
LX) = =L X (67 [phase is odd)
Xpie™)

FXp(ed™)

Property 1:

Proof -

Whevre

FT )
X1 — X)) =

F‘_’ ~o
¥ — X (e Jw)

S xCnl. e TN

N=-p0

o i
> alm- e

N=-oco

I

y= f’ejo = P Cosh + PjSinO .
= Pusg ~ pysimg = pe’
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Table 22 FOURIER TRANSFORM THEOREMS
TABLE 2.2 FOURIER TRANSFORM THEDOREMS

Seguence Fourier Transiorm
] X (™)
] Fieley
L. wx[n] +by[n] ak (el 4+ h¥ied ™
= X xm—ny] imy an ibeder) g Uy X e )
L, ptoipn -.[r.l] X jpiie— iy
4. x[—n] Xie™d
.'l,.' ™y b a Il. | reil,
5 nxfm] _r":'ll"ll' e}
|f||"
= 1, v[e] = vlw] -!'..“'-'.'"I:'III'-':"'I
| : :
7. l.[r.lI '.'Ill | ‘|_ ‘( "II_I:I'-:n:"rI'"_”I:"'-r"I

Parseval's theorem:

1 {7 )
Z lx[n]? = Tf | 2™ )| des

P e a8

1 = . e
o, E '-[’-']'- [#] = -._Ir‘ X e e e

i Sz

Properly 2 : nd =

x(n) 2, X(el*) . )
ypy = i)~ YM) = X
Proof - Y(@‘Jw) = Z “»]En] e-jwn = z X[n—l")ei"j“m
N= w0 N=-00 ‘N~
m=n-)
et m=n-1, khen n=m+)

-0 <N 0 =5 _com=n—-]<e

(0 = § agm. oo e

m:_'co /\A—\
oo ~‘w ""4) "'J’w § ~jWW\
= S xlm)- e eI = € xlm)-e

M= -co
M= - oo
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qu — lnELn] — LJEAJ = x(n) ?m

Ve x Heew) = Ye)

Com/, Sumn

quuenq RQSPOY\SQ of +the Sysjrem:

Hieiwy = L&)

Y (e)
l ¥17!
™ . .
hin) = "»E S H(e) e dw
~TC
Example: L _ L
Yoy + Sy0n-3 te = xd - Laleor) 4.
} | \ N
V) + YWD e w e = X - ) eIy

Y (it 3 e e ) = X&) [-gedvy g

] L o-jw
wy —  1(e") I~ Z e+
H(eJW) - — = -
X(e1*) |+ Lervy
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- Eigenfunctions of LTI Systems

jwn

x(m=e" —| hi] |—=yim =2

Yty = 2 xUn-k1-hie) = 3 W00 e

=-00 K=-00 w,&) .
eawn’ e\owk
jwn  — “Jwk
= ¢f Z{e:’ 'thJ}
K=-o00
—
ywn -
yo = e’ Yo
e~ e~

x(n) Frequency Response
Yin) = %) H(e™)

C/W \-—\/—-‘
E{genfw\dnbn ™ EfﬁenVa[we

E)(a,mple, : vin) = e;j Tn

Yiny = xbn) Hied ©)

—
Constant
a- 1 © 4
Another Example - x(n) = S (175") = é(ﬁﬁ:" + c‘ffn)

wi = eEn — yfy= a0 )

. .
wE) = €T — um = wbHET)

X = 'li Qx, n]+ ‘)(;[n‘]) —_— lj(v\') = AZ'QJ;W + ‘J»@\]) )

e 1 I e
S,‘mi‘aylj, ‘XEV‘] - S{n(_q?:n) — ,l_(e.] no_ eJ n)g
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- Discrete-Time Random Signals
Random Process X(t)

X(t) X&)

] )

‘ ‘ /Sawfl@, #WV‘C}'I:JW

|

X |
\\5_> .

‘t’o Jc'

Random Variable: X
Discrete random variables
Continuous random variables : X ~N (Ib )

mean  Standard deviation

Auwto corvelation Funchion E [X(‘{‘o)' X(’c:)] - 'F('('o,t,)
F’of‘ wide~§_zn$e §+&’HOY\0Y7’ raV\(’JOM PVOC€$S€$:
Wss)
gEtx&w X)) = fh-t) = fo@
\——

T
E Q(('l'o)‘) = E [XUZ\)} = mx (‘b . COY‘S"‘W'"' , 'mde,pencien* O'P 'é‘

- Autocorrelation of the output Y (n)

E { ytn- Ylnamly = ¢U‘J (n, ntm)
1

fanddom Sequence
Given the autoconyelation Funchon of +he vnput Sequence, determine

the auboconelabon of the owtput .
- Given the mean of the input, determine the mean of the output

Review some ConCepts in probabilily -
Two fandom variables @ A and B

E{A-RY + E(AY. £ n general 5 However, if Aand B are incdependent
E (A-B) = E[A] E(B)
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