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* Representation of Aperiodic Signals:
the Discrete-Time Fourier Transform

= The Fourier Transform for Periodic Signals

= Properties of(Discrete-Time Fourier Transform

= The Convolution Property

= The Multiplication Property
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= DT Fourier Transform of an Aperiodic Signal: -

e Define X (e/%):

Xtajm]e]um

. +00 .
X(ejw) = Z w[n]e_]wn
e [ hen, 1
= —X(ejka) _ 2_71'
N w = kw Qﬁo N
= L = \/
N 270
e Hence, . | | —QE—ON T
= Y [Rx(Ehvoeivon
— k=<N>__L
- o)
1 jk’wo Tkwns
= 5 (e/70) e 0% wg

N )



Feng-Li Lian © 2013

Fourier Series Representation of CT Periodic Signals NTUEE.SS3.£S.30

sin(k27r%)

ki u;,r;‘_’/' Z

= Example 3.5. 7T q, =

T = 4T, sin(kZ) T Tu
T(Ik — lor
":_|__T_l___a__2___._|n___'T| I SR, I ! |2|J|2| I ey - _
ot .
o~ 2
T = 8T1 sin(kz%) Ta,k
T(Ik —
' km

it
1

. . — _‘ VI R

T ] = T T2 T 1

TOLk —




. . . . : . Feng-Li Lian © 2013
Fourier Series Representation of CT Periodic Signals NTUEE.SS3.£S.33

= Example 3.5:
2 sin(kwoTy)
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= DT Fourier Transform of an Aperiodic Signal:

e AS N — oo, z[n] — z[n] woN = 27

- Inverse Fourier transform egn

- synthesis egn

- X (&™) Fourier transform of z[n]
spectrum
- analysis eqgn

wo = —
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= Periodicity of DT Fourier Transform:

zln] = % [zﬂ X (e?™)el"" dw ,l
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= HightFrequency & LowAreqguency Signals:
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O<a<l —1<a<0
= Example 5.1: |
z[n] :‘U[n], |a,| <1 ‘m‘““"

Representation of Aperiodic Signals: DT Fourier Transform
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= Example 5.2: rln] = "l 0<a<1 X = 3 alnle

too —1<a<0 z[n]
= X)) = ¥ @ ~jun [/[m

Z n —j'wn _|_ Z —jum

oo

Z(ae—]w)n _I_ Z (aejw)m

A= _m=l ——
1 aelV

1 — ge—Jw 1 — qelw

. 1—a?
1_a2 T (1—-a)?
_1—2aCOSw—I—a2 142

— -~ Ty




Feng-Li Lian © 2013
NTUEE-SS5-DTFT-10
o0

Representation of Aperiodic Signals: DT Fourier Transform

= Example 5.3: (@) = 3 alre
1, [n|] <N .
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Representation of Aperiodic Signals: DT Fourier Transform

= Example 5.3: o
. N | \ ;

= X (V) = Z e Jvn ‘ ‘
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= Example 3.12:
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= Convergence of DT Fourier Transform:

1 —
z[n] = — | X(e?")e!""dw
mJ2r
. —I_m .
X( )= > z[n]e’™"

= The analysis equation will converge:

« Either if x|n] is absolutely summable, thatis,

« Or, if x[n] has finite energy, that is,

ss4-13
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= Example 5.4:
x[n] = 6[n], i.e., unit impulse
455
= X(dV) = Z z[n]e 7% |
jroo _.——+
== Z S[nle 7" =1 }

e % 2k N}

1 o
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= Approximation
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= Approximation of an Aperiodic Signal:

T
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* Representation offAperiodic)Signals:

the Discrete-Time Fourier Transform

= The Fourier Transform fomnals e

= Properties of Discrete-Time Fourier Transform
= The Convolution Property

= The Multiplication Property

= Duality

= Systems Characterized by
Linear Constant-Coefficient Difference Equations
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= Fourier Transform from Fourier Series: —
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* Fourier Transform from Fourier Series: 0o = =

N
e More generally,
2 (2.
N zln] =3 *& = Z akejk(N)

Fourier Transform for Periodic Signals
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= Fourier Transform f
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= Example 5.5: (‘)
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x[n] = iy IR
= Example 5.6: ] Z}\, e
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* Representation of Aperiodic Signals:
the Discrete-Time Fourier Transform

= The Fourier Transform for Periodic Signals

= Properties of Discrete-Time Fourier Transform |ss-z

= The Convolution Property
= The Multiplication Property
= Duality

= Systems Characterized by
Linear Constant-Coefficient Difference Equations
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Section Property
5.3.2 Linearity
5.3.3 Time Shifting
5.3.3 Frequency Shifting
5.34 Conjugation
5.3.6 Time Reversal
5.3.7 Time Expansion
54 Convolution
5.5 Multiplication
5.3.5 Differencing in Time
5.35 Accumulation
5.3.8 Differentiation in Frequency
5.34 Conjugate Symmetry for Real Signals
5.34 Symmetry for Real and Even Signals
5.34 Symmetry for Real and Odd Signals
5.34 Even-Odd Decomposition for Real Signals
5.3.9 Parseval’'s Relation for Aperiodic Signals
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Property CTFS |DTFS | CTFT DTFT LT zT
Linearity 3.5.1 4.3.1 5.3.2 9.51 | 10.5.1
Time Shifting 3.5.2 4.3.2 5.3.3 9.5.2 | 10.5.2
Frequency Shifting (in' s, z) 4.3.6 5.3.3 9.5.3 10.5.3
Conjugation 3.5.6 4.3.3 5.34 9.5.5 10.5.6
Time Reversal 3.5.3 4.3.5 5.3.6 10.5.4
Time & Frequency Scaling 3.54 4.3.5 5.3.7 9.54 | 10.5.5
(Periodic) Convolution 4.4 54 9.5.6 10.5.7
Multiplication 355 | 3.7.2 4.5 5.5
Differentiation/First Difference 3.7.2 | 4.3.4, 5.3.5, 9.5.7, | 10.5.7,
4.3.6 5.3.8 9.5.8 | 10.5.8
Integration/Running Sum (Accumulation) 4.3.4 5.3.5 9.5.9 10.5.7
Conjugate Symmetry for Real Signals 3.5.6 4.3.3 5.34
Symmetry for Real and Even Signals 3.5.6 4.3.3 5.34
Symmetry for Real and Odd Signals 3.5.6 4.3.3 5.3.4
Even-Odd Decomposition for Real Signals 4.3.3 5.34
Parseval's Relation for (A)Periodic Signals | 3.5.7 | 3.7.3 4.3.7 5.3.9
Initial- and Final-Value Theorems 9.5.10 | 10.5.9
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x[n]

ss4-29

= Fourier Transform Pair: (_”—LH i

e Synthesis equation: o

1 . _
x[n] = __.f X (7 e duw

™ J 27

« Analysis equation:

Ky

. +o0 | :
X(ev) = Z z[n]e 7vn \ m /
‘ = N\ /N

* Notations: 2 \ /1" \J ’ \VERVIEE
la| < 1
- ) )
X (&) = F{z[n]} = Fa"uln])
.’L'[n] — jC'_l{X(ej’w)} a"u[n] :j—__l{ 1 .y
1 — ael¥
DT FT . . N )
ZL’[TL] ¢ ? AXv(E’,j ) a"u[n] < S T
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= Periodicity of DT Fourier Transform:

ss5-6

1 , .
X(e/20) = X () oln) = o [ X(e™)e duw

. T |

' ' X)) = > x[n]le™"
= Linearity: eln] T X(e) n=oo
— $54-30
- - F .
y[n] +— Y (&)

= a z[n] + b y[n] PN X&) +bY ()

- Wo Moy
1554'31

* Time & Frequency Shifting: b

10N,
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= Example 5.7: -
H lp(ej.w) ‘
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= Conjugation & Conjugate Symmetry: [y = 35 e

n—=—0co

F .
x[n] +— X(%) ss4-34
* F * —Jw il , ‘
L [TL] — X (6 ) x[n] =g , X (7)) e’ duy
o x[n] = z™[n] = X (e v) = X* (V)
ss4-35

IF x[n] is real = X (e’*) is conjugate symmetric
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Properties of DT Fourier Transform

= Conjugation & Conjugate Symmetry:  Xe)= 3 «nle™
1= L ] X

F . X F R
37[?7'] — X(ejw) £r [n] +— X (8 ) ss4-34

o IF z[n] = z*[n] & z[—n] = z[n]
= X(ev) = X*(e?) & X(ev) = X(e/*)
= X ) = X (&)

o IF z[n] is real & even = X(&’¥) are real & even 554-36

e IF z[n] is real & odd = X (&%) are purely imaginary & odd
e IF z[n] = %[n] & z[—n] = —=z[n]
= X)) =X%e¥) & X)) =-X(e")
= X* (%) = — X (V)
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= Conjugation & Conjugate Symmetry:

F

z[n] —— X (V) 554-37

Ev{xz[n]} s Re{X (™)}

Od{x[n]} N j Im{X (")}
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: : : 1 o o
= Differencing & Accumulation: o) = o= [ X(e™)e " du
. too |
X [?’L: (i} X ( ej'w ) X(ejw) — n_z_oo ;r:[n]e_i“"”

x[n] — x[n—1] PN X(eﬂw) —_—C ij(ejw) '{Q —A 0 2

A=dR
T MTM

dc or average value

vl = 2. elm] = yln] — yln — 1] = o[n)
~—=" —
n—1
yln—1] = m;wa:[m] = (1 — e_jw)Y(ejw) = X (/%)

\/‘\/\/\—\/ —_
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= Differentiation in Frequency:

x[n] PN X (™)

1 d -
—ng[n] <F> y X (")

J J— ~

a

F \ @ -
nx[n] +—— %X(ejw)
—_ w

= Time Reversal:

x[n] PN X ()

x[@ PN X (47w
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-

d A d \Ix® |
- =

= Y (jalale

n=-—oo

QI
SR
1

“+o0

X () = Z z[n]e vn

n=—oo

X)) = Y afnle e

n——oo
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ss4-45

= Time Expansion: sin (@M1 +3))

sin(w/2)
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= Time Expansion:

x[n]

l-—é

0 \,\ /\ T

: —217\/ \_/ V 2

XI:E] [ n] ! }{{2] K{EJ 21.13}

L AUM

L,LﬂL%P

] —

D

>

ss3-71
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= Time Expansion: ‘(\,?j%_ \ézg

a:(k)[m =

\1/ { Jm/k i@ls a multiple of k

O’_ if m is not a multlple of k
L=




Properties of DT Fourier Transform

= Time Expansion:

T\ = U

— X(k)(ejw) = Z :c(k)[m]edi’wm
- =/
o0

- £ ot

ropln] = X(*)



Properties of DT Fourier Transform

= Example 5.9:

2y An—1]

sin(5w/2)

Y(ejw) — (e—JQw)

sin(w/2)

Feng-Li Lian © 2013
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sin(5w/2)

sin(w/2)

33[7?,] Y2) [?’?,

_ J yIn/2], if nis even
@_ { O, if n is odd

F _a..sin(5w)
n] J<— e 7%
y(z)[ | — _sin(w)
2y(2) [?’L— 1 (L) 28—jwe_j4w5in(5w)
sin(w)
rf
X(ejw) = (]_ _|_ 2€—jw) . e_j4w . sin(5w)
| sin(w)
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ss4-50

= Parseval’s relation:

x[n] PN X (%)

i

1 .
— [ |1 X (e™)|?dw
27
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= Example 5.10: oM

s Slope of 2

e x[n] is BeI’IOdIC, real, even,

and/or of finite energy? ®

— X(J%)#£0 = x[n] is NOT periodic
— even magnitude, odd phase = x[n] is real

— X (™) is NOT real = z[n] is NOT even

— X (%) is finite = z[n] is finite

pu—
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/'- Representation of Aperiodic Signals:
the Discrete-Time Fourier Transform

Gy 6“‘Q6

¢ &5‘@"\5

= The Fourier Transform for Periodic Signals

= Properties of Discrete-Time Fourier Transform

= The Convolution Property ssd-51

= The Multiplication Property
= Duality

= Systems Characterized by
Linear Constant-Coefficient Difference Equations



Convolution Property & Multiplication Property g

= Convolution Property: \ A\ /
y[n] = z[n] * hln] s Y () = X () H ()| VAAVEARVENVES
400
= > [z[k]h[n — K] s
_ m an e
ﬁ '
X (&) Y (e7%)
lieat pln]
= Multiplication Property:
s[n] r[n]
— —

il = slalpln] " R(e™) = [ B (e 0)ap
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L Jw ejw'n W
= Example 5.11: A= = [ X
X(ejw) = §O x[n]e—jum
h[n] nN=—0oc

o1 — [ — - )41

hin] = 8[n — ng] Wn] X & Th-hs ]
T X~y

+o00
= H(V) = S5ln — nnle 7¥" =| e Iwn0
s = £ sz =)

= V(") = H(M) X ()

@X(ejw) = yln] = 2l — no]

e




Convolution Property
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= Example 5.12; =
H(™)
1 1 ,m L
— - hln] = —/ H(e?) el " dw
| | | | 2w J—7
—2 —w_wciﬂ wc T 2
aj
1 we
— 2—/ e/ " dw
h[n] s —We
¢ o ¢&§ n - ™m

(b)

- not causal

- oscillatory



Convolution Property

= Example 5.13:
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ss4-63

()= D) X b2

hn

hn) = ,15—1 = H(J") = — i@})
— —

= Y (V)

/

. 1
<1 = X (V) = —
b €)= )
= H(ejﬁ)X(ejw)
1 1

1 —ae /¥ 1 — e~ 7w
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= Example 5.13:

| y |
| . W) s |
it a # b Y(e ) = [( —b A 1 — ge—i¥ T (i:f) Ne— be—ij
b
= yln] = ( ¢ )anu[n] — ( \1 b u[n)
a—b a4 — 0/
1 E 1 .. d 1
Ifa—bY :( ) — e ( )
D (jw) 1l —ae v a o dw \1 — ae™ ¥
1
since  a"u[n] <« 7, .
1l — e v
d 1
and n a"uln] PN j . }
dw L1 — aqe W

- d 1
and  (n+1) a" T lu[n+1] PN g el [ . ]
dw L1 — ae™ ¥

= vl Tt Datuln+ 1]
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- Example 5.14: G
Xamp e . . [A\ . $s5-27
D G Ny -

@—— B (+ )= ¥In]

N “; Hlp {EJ W&[ﬂ] 7

wiln] = (—1)"[n] o ¢ )Lw 7 @ —
— = . . |

: : JWN = H Jwy ¥ (eIw
— Wl(ej'w) — X(e;}(w—?r)) W4(e ) Z'p(e ) (6 )

~_

Wa(e") = Hyy(@") W) = = Hyp (") X (™ 7)

~

—7C
wsn] @wz [n] —Q l/

= Wa(e") 2= Wa(@ D) = (/) X (20

= Hp (/™) X ()
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= Example 5.14:

Y (") = W3(e!) + Wa(e!™)

Hy, (/=) X (7Y + Hp () X (/)

Hip(e/“7) 4 Hypy ()] \ X (eY) | HLI’/

H(e") = Hy(e“™ D) + Hy(¢”) T
g N— R
highpass <+ lowpass I Jﬁ |
—27 — _\{T_wc) . rrmcl 2m ®
— |Dandstop e '_T'\_l : y'.,; 0
(r—a) (¥ o)
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= Example 5.7: -
H lp(ej.w) ‘
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Convolution Property & Multiplication Property NTUEE.SS5.DTRT.48

= Convolution Property:

W

2\/\/0\/\/2m

(b}

yn] = z[n] * hin] s Y (/™) = X (/) H (™)

400 Hyle")
= Y z[k]lh[n — K] 1
k=—00
—2|rr ‘-l‘ﬁ -0, o *r!r 2|¢r W
= Multiplication Property: :

Ss4-67

ol = slalpln] < R(™) = - [ sy p(ee)ds
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Multiplication Property T ST T40

T —
= z[n) = =— [ X(&*)e’"dw
r[n] s[n]p[n] > f%

— — | N .
+00 X(e") = _Z_ x[n]e 7"
e R(e]w) — Z r [n] e—]wn —
— —
— i (ejﬁ)s(ej(w—ﬂ))dg — i (ej(w_e))S(ejg)dé)
27T 27 27-[- 5




Multiplication Property

y(0)

C
:f H)h(0 — T)dr
@

—

T2 (Ph(6 — 7)dr

g

|
—
g T

—27

™ —ing 0 2m w

Feng-Li Lian © 2013
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periodic convolution

aperiodic convolution

()

& / w

A
1 (2
1
]
—m ar

“ﬂ\\<}/ﬁ,/ﬂ



Multiplication Property g

ss4-71

= Example 5.15:

z[n] = x1[n]ra(n]

1

sin(Zn) é
z1ln] = . ~
cﬂ“—_" (~
_anm 55
332[”] B —FT
' L fftm 0 (w—0)
X)) = — X1(e?7) Xo(e! )do
27T T —_— L —
. X1(edv), for —m<w<w
2, (e) — 1(e?) | <
0, otherwise

. 1 +r . .
X(e™) = - / X1(9) X5 (/=9 dg
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Multiplication Property

= Example 5.15:

. 1 +7 . .
X(e") = = ] X1(e7) X5 (/)46

1 +oo . .
= = / X1 (99) X0 (7Y 46
271’ —00

B 2




TABLE 5.1 PROPERTIES OF THE DISCRETE-TIME FOURIER TRANSFORM Li Lian © 2013
Section  Property Aperiodic Signal Fourier Transform -SS5-DTFT-53
x[n] X(e”"‘”)} periodic with
y[#] Y(e/"}] period 27

532 Linearity ax[rn] + by[n] aX(e™y+ bY(e!™)
533 Time Shifting x[n = npl e /X (e/)
533 Frequency Shifting e’ x[n) X(e/lo oy
534 Conjugation x*[n] X (e )
5.3.6 Time Reversal x[—n] X(e ™y

. . x[n/k], if n = multiple of & "
537 Time Expansion xpln] = { 0 if n ¢ multiple of X Xl:ejik ) |
5.4 Convolution x[n] * y[n] XYY (e!™)
55 Multiplication x[n]y[n] % ] X(e®) ¥ (e M)
535 Differencing in Time x[n] — x[n — 1] (1 — e ) X&)

) n l -
915 Accumulation :Z;}.[k] T X(el)
+mX(e") Z 8o — 27k)
h=—rx
Jua
538 Differentiation in Frequency  nx[n] 'd)ﬁz )
[ X(eh) = X*(e i)
RelX (e} = RelX(e ™)}

534 Conjugate Symmetry for x[n] real $ Gm{X(e™)} = —Im{X(e )}

Real Signals |X(g_.im)I _ |X(e—jm]|

IX(e™) = —LX(e™ ™)

534 Symmetry for Real, Even x[#] real an even X(e/*) real and even

Signals
534 Symmetry for Real, Odd x[n] real and odd X(e*) purely imaginary and

Signals odd
534 Even-odd Decomposition x.[n] = 8{x[n]} [x[n] real] RelX (e}

of Real Signals x[n] = Od{x[nl} [x[n] real] JSm{X (™))
339 Parseval’s Relation for Aperiodic Signals

H=—

b a 1 o [
> talf = 5o | K)o
. 25

T




TABLE 5.2 BASIC DISCRETE-TIME FOURIER TRANSFORM PAIRS

Feng-Li Lian © 2013
NTUEE-SS5-DTFT-54

Signal Fourier Transform Fourier Series Coefficients (if periodic)
, : = 2k
ZI cllkej-';[z.li'l".".-lu :Zﬂ' Z ﬂ,t-ﬁ (EL:' _ Tj ay
-'t='.|"|'!' b=—x L,
(@) wy =28
) L . k=mm=Nm=>2IN .
e ot 2 Bl — wp — 27) ap =
;;’z ’ 0, otherwise
) ;‘—i irrational = The signal is aperiodic
3
() wy = =7
i 1 F =+ N tm
COS Wyt T z 160 — ey — 2700 + S(ew + g — 2971} =142 = 8500, BRI B34, B0 S8 Ao
f—— 0, otherwise
{by 5% irrational 2 The signal is aperiodic
2
fa) wy = 57
+ %1 -ﬂw:=?'.?'t£"'r"..?'i2N,...
$im i ? Z{Efa)—wu—ﬂwh—ﬁf_w + wo — 27} a, = m"‘lj‘ k= —r—r+N —r+2N ...
[=—u -
(}, otherwise
5] ‘:*d_f; irrational = The signal 1s aperiodic
I 1. k=0 =N 22N, ...
x[n] = 1 2 > Bl — 2mi) a, = o
[ {1, otherwise
Periodic square wave 1
I, = N sin[(27kINHN| + 35
x[n] = I : 3 2ok ap = [(:r- ! ,'} ; 3}]. k=0, =N 2N, ..
0 M<hl=N2 | 27> @b (w . F] N sin[2m ki2N]
and k== 2N + 1
gy = al =1, 2N 2N,
!

x[n+ N = x[n]

4
" Kla — LAN

21 sl - 2R

e — i Frv all L



S I, k=0 2N £2W, . ..
x[n] =1 2 Z il — 2] ap = )13
e 0. otherwise .55
Feriodic square wave 1
I, |n| =N sin[(27kIN KN + 3)]

xXlal = +% ; a; = = = EED EN iZN, L

PI=10 m<p=nn | 20> s (w - "";—*") N Sin27A2N]
and k== 2N + 1

far = —— k=0, 2N 2N,

x[n+ N] = x[n] N

A 27 = 2k I

;xﬁ[n — kN] N ,'\;;.ca (m Y ) ax = o for all k
a'wln]  lal <=1 . _

b [ — e

1, |ﬁ| = J?'\'r1
x[n]
0, |0 =N,

sinfw (V) + 1)]
sinfe/2)

I, 0=|w=W

sin W W . Wi
M = 2 sinc [ =) Kw) =

i oo (--I 0, W<lw =n —
D=W<m X{w) periodic with period 27
&[n] 1 -

1 = .
H{H] m b o Z #5{&: — g kjl —_
& — gl e~ ftoiy .
(n+ Da"uln],  |al <1 ; —
(1 —ageiw)2

(r+r—13 1

Y a'uln], ol =1

{1 — ge—Joyr




E Feng-Li Lian © 2013
Outline | NTUEE-SS5-DTFT-56

* Representation of Aperiodic Signals:
the Discrete-Time Fourier Transform

= The Fourier Transform for Periodic Signals

= Properties of Discrete-Time Fourier Transform
= The Convolution Property

= The Multiplication Property

= Duality —

= Systems Characterized by
Linear Constant-Coefficient Difference Equations

7 C
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Duality
= DT Fourier Series Pair of Periodic Signals:

7S . . .
o z[n] «—— ap: DT Fouries series pair

z[n]) = Z a.lelEwon — Z akejk(Zﬂ/N)n
k=<NZ k=<N>

1 : 1 :
. Z —7kwon _ Z —7k(27/N)n
C'EG,E N N :L‘[n]e

n=<N> n=<N>
) S
F Ik =~ > glale 2 /Mm gln] —— fIK]
n=<N>
1 .
fln] = ~g[—k]edk2m/N)n . 1
k:255>fv ajp =: Dfm[ nj



Duality

= Duality in DT Fourier Series:

e—l—jm(er/N)n

FS

x[n] +—— ay

x[n—ng]

> =] yln —r]

r=<N>

z[n] yln]

FS

FS

FS

FS

ay e—jk(Qﬂ/N)nO

Nay. by

> ap by

[=<N>

Feng-Li Lian © 2013
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Duality NTUEE-SS5-DTFT-59
= Duality between DT-FT & CT-FS:
z[n] ===, X (&) 2(t) < a

. _ 1 .
= e’) el dw = / z(t)e I Fwol g
o] = o [ (™) ax = ([ #(®

X&) =Y |Je[n]e?™n x(t)y = > ajel kot
=— k=—0b
i
z[n]
Xl hin] 1
B 2 ™ ( rj’w) (; ) T T I " o :
X (e

\ A\ / | Nl .|H|.

—2a \_/_Tr \/ (Z) \/ \/ 2m o 7211 —ar —wg 0wy o Fo— N s I Loppretlio -
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TABLE 5.3 SUMMARY OF FOURIER SERIES AND TRANSFORM EXPRESSIONS

P

/CE ntinuous tim\ Discrete time
Ti}nﬁ omain Frequ%ﬂnn}éin Time gpm‘ain Freqﬁtncf domain

N 2N
Fourier
Series
periodic iw" cy
Fourier

Transform |\
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* Representation of Aperiodic Signals:
the Discrete-Time Fourier Transform

= The Fourier Transform for Periodic Signals
= Properties of Discrete-Time Fourier Transform
= The Convolution Property

= The Multiplication Property

Ss4-75

= Duality

= Systems Characterized by
Linear Constant-Coefficient Difference Equations



| Systems Characterized by Linear Constant-Coefficient Difference ZHNAARREY

Ss4-76 [t

| = A useful class of DT LTI systems:

apy[n] + a1y[ln — 1] + -+ + any_1y[n — N + 1] + any[n — N]
=" — -

= boz[n] + biz[n — 1] + -+ + by—1z[n — M + 1] + byz[n — M]|

S awyln—k = 3 baln — k]
k=0 k=0

- 5 \ T :
= XTn) X h0n

Y (e??)

V() = X () H (™) H(e™) = X (erv)




Systems Characterized by Linear Constant-Coefficient Difference Euafions-.

f . .
r[n — ngl «—— e 70X (")

N M ss4-79
S awln— k(= (F]S bgaln — & J
k=0 . k=0

- i

N M
Z aj. %y[n@‘L g]qa:[n — k]
k=0 > k=0

||
(]




Systems Characterized by Linear Constant-Coefficient Difference EHUafibhg:

= Examples 5.18 & 5.19: z[n] —>-—> yln]

la] <1
ss4-81

y[n] — @= z[n] = H(eV) = =

<fz(')> ”@ = h[n] = a"u[n]
Cﬂy[nl - Zyln-1] 4 ;y[n2]l@7%w[n]/l,

- v

. 2 2
H(eY) =
= H() 1—%6 Jw+%e—ﬂ'2w (1— se ]i)(l__e jw)
_ 4 2
(L3em)  (L_geom)
= h[n] = 4 (%)nu[n] — 2(%)nu[n]



Systems Characterized by Li

near Constant-Coefficient Dw
= Example 5.20: = °
1 n

ss4-82

= Y (V) = X(Y)H (™) = z[n] * h[n]

= yn]

|

1 2 _ B
1 —ge | [ (L= 3e9)(1 = zeIv)
- <

(1 — Jeiw)(1 — zeiv)2

8 4 2 $85-45
(1—3ev)  (1—zedv)  (1—eiv)2

1 i

8 <5>nu[n] — 4 (Z)nu[n] —2(n+1) (%)nu[n + 1]

) - +(2) - 200 ()t
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Chapter 5: The Discrete-Time Fourier Transform | NTUEE.-SSE-DTRT.66

* Representation of Aperiodic Signals: the DT FT
* The FT for Periodic Signals
: Propertles of the DT FT

Linearity Time Shifting Frequency Shifting
« Conjugation Time Reversal Time Expansion
« Convolution Multiplication
 Differencing in Time Accumulation Differentiation in Frequency

» Conjugate Symmetry for Real Signals
« Symmetry for Real and Even Signals & for Real and Odd Signals
« Even-Odd Decomposition for Real Signals

Parseval’s Relation for Aperiodic Signals

- The Convolution Property
= The Multiplication Property
= Duality

= Systems Characterized by Linear Constant-
Coefficient Difference Equations
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