DSP- T2: Problems Prof. Dr. Dhafer R. Zaghar 2019-2020

Problem 7.1:
Find the z transform of the following sequences:

(@) x1(n) = (0.1)*3u(n)

(b) x2(n) = (0.1)™u(n — 3)
(¢) x3(n) = cos(0.5mn)u(n)
(d) x4(n) = —na"u(-—n—1)
(e) x5(n) = (cos(mn)) u(n)

(f) x6(n) = (sin(0.57n))? u(n)

SOL
A) x1(n) = (0.1)"3u(n)= (0.1) 3 (0.1)"u(n)=1000(0.1)"u(n)

z
z—0.1

7[1000(0.1)"u(n)]=1000 * from table

B) x2(n) = (0.1)"u(n — 3)= (0.1) ® (0.1)™3u(n-3)=0.001(0.1)™3u(n-3)
But Z[(O.l)“u(n)]:ﬁ from table

7[0.001(0.1)"3u(n-3)]=0.001 = {
from delay property

——27%+10z72 + 100z™" + 1000}

C) x3(n) = cos(0.5mn)u(n)
Z[COS(O.57tn)u(n)]—ZZZ_(Z:ZEE&?E)_1 from table

But cos(0.5m) = 0
Z[cos(0.5mn)u(n)]=

72

z2-1
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D) x4(n) = —na"u(—n — 1)
At first let k=-n
x4(k)= ka*u(k-1)

Then first let m=k-1
x4(m)=(m+1)a™*u(m)= (1/a)(m+1)(a‘1)mU(m)= (La){(m@"H)™ + (@)™ u(m)

Z[(1/a) (& 1)mu(m)]—az T = = —— from table

Z[(Wa)m (@)™ u(m)]=> — % - (az‘l from table

Z[Aa){(m@)™ + (@)™ Ju(m)]= 1)2 —— = Z((:Z_ff;l

Z [ka*u(k-1)]=z"1 Z((; a1))+21 = (1(;)_2)2 from delay property
z+(1 a)

Z[—na™u(—n — 1)]— from invers property

)2

E) x3(n) = cos(mn)u(n)

Z[cos(nn)u(n)]—zzz(zz zzzin;) - from table

But cos(m) = —1

z(z+1)
z2+2z-1

Z[cos(nn)u(n)]=

F) X6(n) = (sin(0.57n))? u(n)

At first we simplify the square function
(sin(0.51n))? = 0.5(1 — cos(2 * 0.5mn)) = 0.5(1 — cos(mn))

Z[0.5(1 — cos(nn))u(n)]ZO.S * {— + z(z—cos(m) } from table

z—1  z%2-2zcos(m)-1

But cos(m) = —
Z[(sin(0.57tn))? u(n)]—

Z/2 Z(Z+1)/2
z 2+2z-1
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Problem 7.2:
Find the inverse z transform of H(z) = 0.6z/[(z + 0.1)(z — 0.5)°].

SOL

H(Z) _ 0.6z

(z+0.1)(z-0.5)3

At first use the partial fraction to find A, B, C and D where
H(z) 0.6 A B C D

z  (z+0.1)(z-0.5)3  (z+0.1)  (z—0.5) (z—0.5)2 ' (z—0.5)3

A=-2.778, B=-5.556, C=-1.667, D=1

2.778 5.556 1.667 1

H(z) = (z+0.1)  (z-0.5)  (z—0.5)2 ' (z-0.5)3

h(n) = 2.778(—0.1)" — 5.556(0.5)" — 1.667 * 2n(0.5)" + 0.5n(n —
1)(0.5)"

h(n) = {2.778(-0.1)" — 5.556(0.5)" — 3.834n(0.5)" +
0.51n%(0.5)"}u(n)
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Problem 8.1:
Find the total response y(n) of the discrete-time system described by
the following difference equation
y(n) —0.3y(n — 1) + 0.02y(n — 2) = x(n) — 0.1x(n — 1)
where y(—1) =0, y(—2) = 0, and x(n) = (—0.2)"u(n).

SOL
yn) —03y(n—1)+0.02y(n —1) =x(n) — 0.1x(n — 1)

Y(2z) — 0.3{z71Y(2)} + 0.02{z7 %Y (2)} = X(2) — 0.1{z" 1 X (2)}
Y(2){1-03z"1+0.02z72} =X(2){1-0.1z"1}

1-0.1z~1
Y(z) =
( ) 1-0.3z7140.02z72 ( )
1
X(z) = 140.2z-1
1-0.1z~1 1
Y(Z) e Xk
1-0.3z7140.02z72 1+40.2z71
Y(z) = 1-0.1z771 . 1 .
 (1-0.1z"1)(1-0.2z"1)(1+0.2z"1)  (1-0.2z-1)(1+0.2z71)
2
VA

(z—0.2)(z+0.2)

Y(z) z . A B 05 0.5
z  (z-02)(z+0.2) (z-0.2) (z402) (z—0.2) = (z+0.2)
Y(Z) _ 0.5z 0.5z

(z—-0.2) (z+0.2)

y(n) = {0.5(0.2)" + 0.5(—0.2)"}u(n)
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Problem 8.2:
Derive the transfer function of the digital filter shown in Figure and

find the samples h(0), h(1), and h(2).

() Yl i .
~0.1
R g /;r
X(z) — >+ ) :@) l—»‘r’(z)
A Y3
~1.0
0.2 0.1

SOL

yl(n) = —0.2y3(n) — 0.1x(n)

— Y1(z) = —0.2Y3(2) — 0.1X(2) (1)

y2(n) = 0.1y3(n) — 0.1y1(n — 1) + 0.2x(n)

—Y2(z) = 0.1Y3(z) — 0.1z7Y1(2) + 0.2X(2) (2)

y3(n) =yl(n—1) +y2(n—1) + x(n)

—Y3(z2) =z7Y1(2) + z71Y2(2) + X(2) (3)

Substitute (2) in (3)

Y3(z) =z71Y1(2) + z71{0.1Y3(2) — 0.1z71Y1(2) +
0.2X(2)} + X(2)

Y3(2)(1-01z"H) =(z"1-01z79)Y1(2) + (1 + 0.2z H)X(2)
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Substitute (1)

Y3(2){(1—0.1z71) 4+ 0.2(z"1 — 0.1z72)}

= {=0.1(z"1 = 0.1z72) + (1 + 0.2z H)}X(2)
Y3(2){1+0.1z71 = 0.02z72} = {1 + 0.1z1 — 0.1z 2}X(2)

Y3(2) 1+0.1z71-0.1z72 0.08z72
H(Z) —_ —_ — — —_ 1 —_— — —
X(2) 140.1z71-0.02z2 140.1z71-0.02z2
0.08z72 0.08
H(z)=1- - —=1- =1-
140.1z71-0.02z2 z2+40.1z—-0.02
0.08z

z(z—0.1)(z+0.2)

8 8 8

— 4z 37 _ & __3 3
H(Z) =1+ Z (z-0.1) T (z+0.2) =5 (z-0.1) + (z+0.2)

h(n) = 58(n) — {g (0.1)" +§(—0.2)n}u(n)

h(0)=5-2+-=5
h(1) =0-2(01) +2(-0.2) =-038
h(2) = 0 —2(0.1)2 + 2 (—0.2)% = 0.08
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HW 7: Repeat the problems 7.1, 7.2 and 8.1 and with proposed questions.

HW 8: Repeat the problem 8.2 with for the following figure with any
additional path.

2.0

Y
N

X(2)

Y

b Y(z)
15 i

|
-0.5

HW 8.1: Find the error in the solved problems 7.1, 7.2, 8.1 and 8.2 if
found.



