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Exemplo

Exemplo 5.1

Calcular a transformada Z e a RDC para um sinal x[n] = y"u[n]

Solu¢do exemplo 5.1

X[z] =

x[n] =~"u[n] =
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Exemplo

Solugcdo exemplo 5.1
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y
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Exemplo

Exemplo 5.2
Calcular a transformada Z e a RDC para os sinais indicados abaixo:
Q o[n]

Q u[n]

@ cos(Bn)uln]

© O sinal x[n] mostrado abaixo
xin]

L,

R —
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Exemplo

Soluc3o exemplo 5.2
on] < 1, Vz#0
] «— —2—, |z/>1
uln — |z
z—1
z(z — cos fB)
<~ 1
cos (Bn)uln] e el >
(ejﬂ’ure_jﬁ")
————un]
4 4 1 % 1 >
X = -n — — = Z = ]_ — -5
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Exemplo

Exercicio E5.2

Calcular a transformada Z inversa de:
z(2z - 1)
X =
= T
1
X =
2l2] (z—1)(z+0,5)
9
X
(7l (z+2)(z—0,5)2
5z(z—1)
X
al7] 22_-1,6210,8

Edmar J Nascimento (Univasf) Sinais April 25, 2021 6/32



Exemplo

Solucdo exercicio E5.2

Xz 2-1 _ kh, k
z (z—1)(z+0,5) z—-1 =z+0,5
Xilz) 2/3 4/3
"z z—1'"z+0,5

2 z 4 z

Xilz] = 2 :
el = 377132505
1
xafn] = 3[2+4(=0,5)"uln]
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Exemplo

Solucdo exercicio E5.2

X2[2] 1 ki ko ks
== = ==+ +
z z(z—1)(z+0,5) =z z-—-1 =z+40,5
Xle] _ -2, 23 4/3
z -z z—1 z+40,5

2 4
Xolz] = 242 42 %

3z—1 3z+0,5
xoln] = —26[n] + %[2 +4(—0,5)"u[n]
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Exemplo

Soluc3o exercicio E5.2

X3[Z] - 9
z  z(z+2)(z—-0,5)2
ke ko k3 k4
B z+z+2+z—0,5+(z—0,5)2
_ 18, 072 178 7.2
 z  z+2 z-05 (z—-0,5)2
z z
X: = — 17,2 2
3[Z] 77 82_0,5_‘_77 ( 0 )
x3[n] = 18d[n] —[0,72(—2)" + 17,28(0,5)" — 14,4n(0,5)"|u[n]
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Exemplo

Solucdo exercicio E5.2

Xa|z] 5(z—1) B 5(z—1)
z z2-1,6z+0,8 (z—0,8+,0,4)(z—0,8—,0,4)
ki N K

z—0,8+,0,4 z—0,8—,0,4
1’ 25\/gefj0,4636 N 17 25\/§ej0,4636
z—0,8+0,4 z—0,8—,0,4
0,5.2,5v/5e 04636 (0 52 5,/5¢/0,4636

X4[Z] - .
z—0, 4\/§e j0,4636 7 _ 4\@(_:.]0,4636

xa[n] 2,5v/5(0,4+/5)" cos (0, 4636n + 0, 4636)u[n]
5V5/ 2 \n
‘2[ (%) cos (0,4636n + 0, 4636) u[n]
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Exemplo

Exercicio E5.10
Resolver a equacao

y[n+2] — gy[n + 1]+ %y[n] = b5x[n+1] — x[n]

com y[—1] =2, y[-2] = 0 e x[n] = u[n].
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Exemplo

Solucdo exercicio E5.10

Colocando a equac3o na forma de atraso
5 1
vl = 2yln =11+ cyln—2] = Sxln—1] -~ xln 2]

com y[—1] =2, y[-2] = 0 e x[n] = u[n]. Tomando n =0 como a
referéncia de tempo, tem-se que:

yln = ylnluln]
yln=1 = yln—1]uln]
yln=21 = yln—=2]uln]
x[n—1] = x[n—1]u[n]
x[n—=2] = x[n—2]uln]
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Exemplo

Solucdo exercicio E5.10

A transformada Z de cada um dos termos vale

ylnuln] <= Y]
1
y[n—1Ju[n] <= . Y([z] +2
- 2uln] > Y[+
Y z2 z
z
= X =
x[n] = u[n] <= X][Z] p
1
-1
x[n—1u[n] <= P
1
_9 -
x[n—2lu[n] <= 2= 1)
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Exemplo

Solucdo exercicio E5.10
Aplicando-se a transformada Z a equacgdo de diferengas, tem-se:

Y[ - g(éY[z] +2) + %(2—12 Y[z] + %)

=5(;23) - ()

5 1 1-5z bz—-1
Y 1-— 4+ = =
[Z]( 6z + 622) + 3z z(z—1)
5 1 bz—-1 bz—-1
Y 1—-—+ =)=
[z]( 6z * 6 2) 3z * z(z—-1)
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Exemplo

Solu¢do exercicio E5.10

5 1 522 -7z 5z2_ 7
2—7 — | =
Y[Z](z 6z+6> 3 T 7.1
, 5 1y (52-2)z+2)
Y[Z](Z 6Z+6)_ 3(z - 1)

z(5z - 1)(z+2)

[T S Sy
YZ[Z] - 21—21 - 21_5% t 214_/2
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Exemplo

Solucdo exercicio E5.10

z z 14 =z
Y[z] = 12 —15 =
2] z—1 z—%+3z—%
1\n 14 /1yn
yln = [12-15(5) "+ 5 (5) Jull
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Solucao exercicio E5.10 - Separacdo das Componentes

E possivel separar as componentes da resposta total

A resposta de estado nulo depende apenas da entrada, enquanto que
a resposta de entrada nula depende apenas do estado (condi¢Bes
iniciais)

Equacdo de diferencas deve estar na forma de atraso
@ No exercicio E5.10, os termos da equa¢do em Y'[z] podem ser
reagrupados da seguinte maneira

5 1)_ 522 — 7z 522 — 7z

2_7 —
Y[Z]<Z z RS

6 6
cond. iniciais entrada
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Solucao exercicio E5.10 - Separacdo das Componentes

@ Continuando com os dois termos separados, tem-se:

Ylz]

Yo[2]

522 — z
+
(zz—%z—i—%)(z—l)

comp. estado nulo: Ygsy[2]

4/3

522 — z
3(22 - %z—l—%)

comp. entrada nula: Yy[z]

5z -1 3

Yo[z]

yo[n]
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Solucao exercicio E5.10 - Separacdo das Componentes

Yesn|z hz—1 18 6 12
S - 1 1 - 1+ Lt -1
R [ T A

18z 6z 12z

YESN = - 1+ 1+ 1
Z_f Z—g zZ—
6[2—3(1)" & (1)

yEsN[n] = |: - (5) +<§) ]u[n]
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Exemplo

Exercicio E5.11

Resolver a equacao

y[n] +3y[n—1]+2y[n—2] = x[n—1]+ 3x[n—2]

com y[0] =1, y[1] =2 e x[n] = u[n].
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Exemplo

Solucdo exercicio E5.11

Colocando a equac3o na forma de avanco
y[n+2]+3y[n+ 1] +2y[n] = x[n+ 1]+ 3x[n]

com y[0] =1, y[1] =2 e x[n] = u[n]. Tomando n =0 como a referéncia
de tempo, tem-se que:

yln = ylnluln]

yln+1] = yln+1]uln]
yln+2] = yln+2]uln]
x[n] = x[n]u[n]

x[n+1] = x[n+1]uln]
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Exemplo

Solu¢3o exercicio E5.11

A transformada Z de cada um dos termos vale
y[nluln] <= Y[Z]
y[n+1)u[n] < 2zY|[z] -z
yln+2uln] < 2*Y[z] —2* -2z
z
= X =
x[n] = u[n] <= X][Z] p—
z
1
x[n+1u[n] = p—
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Exemplo

Soluc3o exercicio E5.11
Aplicando-se a transformada Z a equacdo de diferencas, tem-se:

22Y[z] — 22 — 2z + 3(zY[z] — z) + 2Y[Z]

z z
= 1+3(9)
z—1+ z—1
4z
z—1

Y[z](z2 +3z+2)— (z2 +5z) =

Y[z](z> 4+ 3z +2) = (2> + 52) + =]
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Exemplo

Solu¢3o exercicio E5.11

4

YIZ(22 432 +2) = (2% +52) +
2 _

Ylz(2% +32+2) = Z(Zj_‘*zll)
z(z? +4z 1)

Y& = oo e o)
iz _2 1 1 51
z  3z-1 z+1 3z+42
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Exemplo

Solucdo exercicio E5.11

z n z 5 z
—1 z+1 3z+42

vl = [2 +20-1" = 2(-2)]ul]
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Exemplo

Exercicio E5.13
Para um sistema LIT com func3o de transferéncia

z—0,5

Hlzl = (z+0,5)(z—1)

@ Determine y[n] se x[n] = 37"t y[n] e o sistema estiver em estado
nulo.

@ D& a equacdo de diferencas que relaciona a entrada e a saida.
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Exemplo

Soluc3o exercicio E5.13

1/1\n 1 =z
—(n+1
X[n] = 3 ( +)U[n]:§<§> @X[Z]:gg
z(z—-0,5)/3
Y[zl = XzlH[z] = i
(z+0,5)(z—1)(z - 3)
Y] (z—0,5)/3
z (2405 (z—1)(z—3)
_ -08/3 053 01
~ z+05 z-1 z-1
1 z z z
Y = -10,6———-0,8 0,3
2] 3[’ z—1 ’ z+0,5+ ’ z—é]
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Exemplo

Solucdo exercicio E5.13

vyl = % 0,5—0,8(—0,5)”+0,3(%)"} uln]

A equacdo de diferencas é obtida fazendo-se:

Y[z] B z—-0,5
X[z] izl = 755, —05
22Y[z] — 0,5zY[z] —0,5Y][z] = zX[z] — 0,5X]z]
y[n+2] — 0,5y[n+ 1] —0,5y[n] = x[n+ 1] — 0,5x][n]
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Exemplo

Exercicio E5.18

Para um sistema especificado pela equacio

yln+1]=0,5y[n] = x[n]
Determine a resposta em frequéncia deste sistema. Determine a resposta

do sistema a entrada senoidal cos (1000t — 7/3) amostrada a cada
T =0,5ms
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Exemplo

Solugdo exercicio E5.18

1 : 1
H = = H[¢/ = ————
7] - 05 Ml =ga—g35
; 1
H[e? =
(€] cosQ — 0,5+ jsinQ
; 1 1
e = = V1,25 cosQ)
\/(cos Q—0,5)2 +sin’Q ’ cos
. inQ
ZH[@® = —arctan |[— 0
[¢™] arctan [cosQ—O,S}
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Exemplo

Solucdo exercicio E5.18
.
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Exemplo

Solu¢do exercicio E5.18

Para T = 0,5ms, a frequéncia discreta é
Q =wT = 1000.0,5.10~3 = 0, 5rad /amostra. Assim,

; 1 1
cos0,5—-0,5+,sin0,5 0,3776 +0,4794
= 1,639¢ /0904

Logo,

y[n] zlﬁ%w%QM—g—Q%ﬂ
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