5.3.6 Time Reversal

—+00

Y (e!”) = iy[n]e‘j“’n = > X[-nJe7 "

N=—00

Y (e!) = io"x[m]e”“’)m = X (e71)

M=—0o0

X[-n]<«—— X (e71*)

5.3.7 Time Expansion

For Continuous-time signals

x(at) «—— 1 X(J—wj
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It is different for discrete-time signal.

X[n/k], if nisamultiple of k
X(k)[n] :{

0, If nis nota multipleof k
X[N]«—— X (")
Proof)

X (e') = Z X(k)[n]e_jwn

) _{rk N=—oo izl Xz (el) = X(eP)
k4L rk 42, rk+ (k=)
jork
Zx(k)[rk]e || H SQHQHQM?[
[=—o0

K

— z X[r]e—ja)l’k Xl X (e"”) X(g)
=—o0
x .
= > X[rle” !t
[=—0o0
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5.3.8 Differentiation in frequency

jo
nx[n] <« )jdX(e )

do

5.3.9 Parseval’s relation

00 5 1 Ja) 2
n;Jx[n]\ =], X )| da
\X (e)['; the energy density spectrun of x[n]

(a1 % b0 |
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341
Ex. 5.10) 5
Is the time-domain signal X[Nn] I S >
Periodic?
Real? X
Even?
Of finite energy?
‘LSIope of 2
+ —2x
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5.4 The Convolution Property
y[n]=x[n]*h[n] <= Y(e!?)=X(e'")H ()

Example : convolution of two sequences

o0

x[N]={3, 2,1, hn]={ 213 ynl=x[n]*h[n]= > x[m]h[n—m]
X(e'”)=3+2e7 +e7 % o
H(e'”)=1+2e +e7 1%
Y(e')=X(")H (")
=3+(6+2)e 1 +(B+4+De %2 +(2+2)e 3 o1t
Ex. 5.11)
h{n]=46[n—n,]

Y (e!?) =e 1" X (e1?)
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Ex. 5.12) Ideal lowpass filter

H(e™)
1
| I ! | 1
—-2% - —wy 0  wp ™ 27w
(a)
hin]
0 n

(b)

1 ¢# o i 1 oo sin w,n
h[n]=-—[" H(e")e " do="["e"do="—"
27 07 27T 9~ 7
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Ex. 5.13)

H(el") = — 1

1—ce™'®

1
1— Be1®

1
(1-oe™ )1~ pe")

X (e'?) =

Y(e!”)=H(e")X (") =

Y(e!) = A_. + B_.
A-ce ) (- pe )

_ (04 n _ ﬁ n
Il = el gl
== [a"u[n]- 4" u[n])

a_
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Fora = p, Y(ejw):( 1 j

1—ce™?
V() =de ( 1—1@)
a do\1-cae

. 5 1
o u[n]<——>( — j
l1-a e

" 5 : d 1
ne"un]«—— . i iation i
[n] Jda)(l—a e’”j (Differentiation in frequency)

(n+Da"Mu[n+1]«—— je'* d ( L - J
do\l-a e ”

s y[nl=(n+D)a"u[n+1] = (n+1)a"u[n]
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Ex. 5.14) ldeal bandstopfilter at Z <| w|< 3~

(=1

(1)

W, (e'”) = X (")

wlnl, [ g il o wel
X[n] — g Wo(8)=H, (™)X (")
m———{ H (") e W, (eja)) _ Hlp (ej(a)—n))x (ej(a)—27r))
@ = Hy ()X (e)
e W, (e') = H, (") X (")
YE) =W, (@) +W, ()
"N T =[H, @) +H, )X ")
4 4 4 4
o jo i(0-7) jo
- H(e™) =H_(e )+H, (')
O %
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5.5 The multiplication property
yIn]=x[n]x,[n]
Y(e)= D yInle " = > x[nlx,[nle” "

N=-—o00 N=—o0

= i Xz[n]{ijzﬂ Xl(ejg)e”“de}ej“’”

— 1 I N —j(w—-0)n
_E{J‘zyle(e )ZXZ[H]G dé

\ |

_ 1 | |
Y (") =2ﬂ{ [ X)X, (" ")do;

i
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Ex. 5.15)

X[l = x,[nJx,[n],

in(7M
] Sm(m n)

X (1) = i] X, ()X, (e!“9)do

X, (&) =

X,(e') for

otherwise

=7 X, (77X, (67 ”)do

[ X,(e")X, (€7 ?)dg

Result: Fig. 5.20, page 390

—T<wW<TT

in (37N

sin

X,[n] = ( A) (Text Correction)
m

X (&)
1
T 1 ™ T
—2% T -3 5 e 2w w3
X (€)
1
— 1y
By, - —Efq—“ %Tﬂ 27 )
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5.7 Duality
5.7.1 In the D.T. Fourier Series

x[n]«Z—>a, a
x[nl= > ae’ ™
k=<N>
1 k—n
_j2z _
a,=— > x[ne "1 a
n=<N>

5.7.2 Between the DTFT and CTFS

X (e!”) = ix[n]e"'“’n = io:x[—m]ej“’m

— Fourier series representation of X (e’*)

X" =Y x-mle™ = > x[-mle™" | @y ="- 2r _ 2%
— T, T

m=—o0

x[n] :i L,, X (e1*)e!"dw

A 1
< > — X[—k
N [—K]

== S x[-kJe¥*

Nk<N>

x(t)=> ae™"
k=—o0

:

1 — jkayt
== [ x(t)e*dt
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5.8 Systems characterized by linear constant-coefficient
difference equation

yln]—ay[n-1]=x[n]

H(e!”) = 1_: _ h[n]=a"u[n]
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3 1
yin]=ZyIn—=11+ 2 yIn—2]=2xn]

2

2 4 2

(1—1e"‘”j(1—1e"”’j (1—1e"“’) (1—1e"“’)
2 4 2 4

1Y 1Y
h[n] = 4&) u[n]—Z(Zj ufn]
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Ex. 5.20)

Y(e")=H(e")X(e")=
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