PROBLEM 8.5:
y[n 3 Y1) =5 yln-2] - x[)
le) = LZ'Y@) -52°Y(2) -X(2)
(1-L2'+ L&) Y(e)= X (2)
He)= Y@ -

X(?) |I-s &'+ 52

Cha“ﬁe ‘o Fosi\'we powers cf 72 when
ch\mﬁ ?o\es and ZEros.

-z*
Hiz) = 2%-L 2 + 1L 2=0,251)0-5%
< E tj0.357m
=0.57174 ¢

Mum@ra\'br is 27; so we
have +wo zesps ak €=0.

// x\\
| )
¢ (@) '
1 [
1 X //
4 - Z—P‘Ane

yim= 5y [V\—ﬂ -3 59 [(n~2] -x[n-2]

-1
%)= =

Tf we take Lim H(Z) we 39} H(z)——) ze S© we

2700
have 2 zeres at 2=co

ying= -"y[n-l—) -5 yn-z] —x[n-4]
H(‘Z)“ z* = -

“3E 'Lt Z(2f-Lz 4+ )

Nows H(z)— Yzt 6s z-»o0, S0 we have 4 zemps
at &=o0c

We have 4 poles. The same twe as
above./ Plus Z more Poles a,{‘ 2= 0,
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ANGLE = T 64.34°
s+ 023 rads




PROBLEM 8.7:

yW)= —0.3y[n-1] +0.3x[n] +x[n-1]

(@) Y(2)= -0.32"'VY(2) +0.83X(2) +Z'X(=)

H(z)= @& _ o03+rz"
X(& 1+0.32"

0.82 + )
Z2+ 0.3

(5) Pole ot: z+0.850 = z--0.3
Zewok: 03z +1=0 = 2= -ljpg= —1.25

|

It

Z-Plcu\e

(©) W)= HE)| s

= 0%+ 8'5\'
‘ + O.S e".j":’

(d) [H(E)* = HE)H ()

- 0B+eIV _ 0.3+ e
I+ 0.8e3% 1 +0.8ei
0.64 40,863 +0.8e3 + |
| +0.8e9% 4 5.8ed° +0.64
.64 + |.6 cos S
o4+ 1.6 cos S

=1
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y[nl= =5 yln-1] + x[n]

@ Yiz)= -L2'Y(®) + X(2)
(1+52)YE) =T (2) = H(z)=T&) . 1

X(z) I+i&!
Te Find Po'-es 2‘ ZE€ros ckans-e o
POSf‘Hve. powers of =.
H(z)= Z _ 1 zem ok 2Z=0
2+, one pole at 7=-%.

(\D) The iMFu|se_ response sf Hhe s\jg«'-ew\ is P
nverse hMS?DTM o": H(Z) ¢
HE)= ——— o ReI= () ul
|+4 2!
To 36’5 the ou{—rd‘ whewn X[v(\z S[v\'\ .\—S[j\—ﬂ %S[n»ﬂ

use s\,?er?csi hen.

giw) = Rix) + A1) +RIv2 )
= (ul+ (B he) + (5T um-2)
For n=o, ylel= { +o+0 = !
For n=i, yhij=-5+1+0="%
For n=2, ylx)= (-‘—z)"+(~';)n—‘+(—'1)n#z
= -5V (1-2+4) = 3(-%)"
Formula For ):[u’] |

Vin]= (] +L §n] +3 (-1 lr‘u[m—z'l
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PROBLEM 8.13:

Characlerize each system (S, — 5;)

Loy -
Sit H(2)= 2222 = et 2=04
1 -06.92"! P
' 2e¢m ot Z=-I

H.(eia’) s a LPF wth a wll ot L=T.

Syt Hy(2)= 3102 o poleat 2=-o09
) + 0.927! 2em at Z:_‘OA

Hy(e3®) is am all-pass Fillea
5‘3: HB(Z)-; Ji('—z_') __—_> FDle C\i Zz“an
|+ 09z 2¢i0 at 2= |
H3(€3G)> is a HPF with a null ad S =0.
541 (2)= L (1442 + 622+ 423214
4
:'z(lw"?_')4 = 4 zerns at 2= -|
He(e®) is a LPF with noll at =T
DC valve : Hy(ed) = 4.
-5
Sst Hs(@)= 1-2'+ 22 -2+ 2% - _____:;
has 4 zerps arouvnd +he vt air le..
No zejp ol 2= _|) others at Rwr/s -5

Hs(e¥®) s a HPF with nulls ad =T, £30
- - - ‘_2-4
S+ H(@y= 1+2' +2%2+ 2% = —

has 3 Zeros around e uvait circle ot z=%) |

H, (€®) is a LPF with nulls ot = L, T

- - - - — -‘
S,I H,(2)= I+ 242 2% 24 2° = ' Zq
1-Z2 .i'"‘k/i

Was 5 zeros around +the vwit circle ot 2:=€
H7 (e)":’) s a LPF‘ N\+k nolls QA‘ &:t'_Is)tQ_L{)Tr

Pz#1: S PZ#3: S, P245: Sc
Pz#2: S| Pz#4: S, PR#6: Ss
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PROBLEM 8.14:

Characlerize each sjslrem (S, — 57)
: _z+tzz" - o, )
St H(2)= TToga = Fz:baifzfj
H.(e-‘“’) is a LPF wwth o vwll ot L=T.
S', H2(2)= .ﬂ_t_lg_-_a:.'

) +0.92"! F°'<°‘i .

Zepat Z=-194
H;(e—":’) is oam all-pass Cillen

$5: Hy(a)= £(-2

l q ' fD)e C\i 2=-0.9
+09Z

2¢o at 2= |
Hs(e:)a)) is a HPF with a null ad $=o0.

He@)= £ (1442116221427 +2?)

=x(1+2Y = 4 zensat z--
He(e¥) is a LPF with null at O=.
DC valve = Hy(ed?) = 4.
-g

: A, - - ¥ 2
S¢: Hs(@)= 1-2'+ T2 -2+ 7% - '

I+ 27!
has 4 zerps arovnd the unit circle

No zejo ol Z=-1, others ak e',amé/;-w/;)
Hs(e¥®) s a HPF with nolls at 5 =

t3m

+T
5 ) S

- - - 1-z4
S+ H(2)= 142" +2%+ 23 = —
has 3 zZeros aroumd the uvmt circle of z2=ty, -\

H, (e—"“A’) is a LPE with nulls ot &= L, W

-6
8,0 Hy(2)= I+Z2 425 2% 24 2% = " i“' y
- “_ X
hWas 5 zeros avound the unid circle ot 2=
H, (e¥®) is a LPF wih wolls at &= TT t2r

3

(A) S, ©) & () Ss
(BY 3, (P) S, (F) S4
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PROBLEM 8.16:

PZ#1: zero ot 2z=1 = zejop ok L=0
only (D) {Has a zep ot DC

PE#2: Fo\e on aeal axis but for frowe 2= 1.
=> LPF with very wde passband. (B)

PZ#3: Po\e ve.ry close o 2=\ => narrow LPF
also, Zero at z=-| => zep o W=T (A)

PZ# 4. Fo\e_ &Mj‘ﬁf oNne o’;rmxiwm’re\j r 1'76
=> peoks hear =TV (E)
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PROBLEM 8.18:

CBY Picking THE
COEFFS From
THE DIFF, ER N

@ H(z)= —-o8+2"
1- o0.82"

(b) Pore @ z2-0.8

Zero @ 2= 14 g ]
=\.25 Z“P\Q—vu:_

©) )= HER)| 4 = ToEr el
Z=e) 1 - O:Béjw

(@) |HE®)*= H(e?®)HHE™) m
CONIVGATE

= Cog+e¥®)(co.g+e®)

(1 —-0.8¢ ‘:’)( | — 0.8 e*J‘:’)

64 +1 - 03e3% —o.5eN”
| +.64 - 0.3e3° _03eh®

!

— 1'64 - l-é(.oS‘:\) .‘

YO HERI= L
.64 — |6 cosd

(e) xwl= 4 + cos(’{-n) - 3¢os(2—g——n)

VA 1 21/3
Need H(<") :f;eed H(e%) N\ need H(€™)

Since |H(E®) =1 for all treqs, only the phase
of the cosine +erms will chamge. Alse, the

Phqse od =0 is 2D, ‘90 -
yinl= 4 + cos(EnJrl—H(e’m))—-3QOS(2%I'| +LH(e )>

LH(€™)= ~14997° = -2.417 rads = -0.933T rads
LH(e3) = —)72.6¢°= =3.013 rads = =0,959w rads
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PROBLEM 8.19:
MU!-HFly out H ('E)
H(z)= EDC-iZH(+izh)
(l -0.4 e)lﬂ/‘sil)( \ -09 é)2"’5i')
= FHO+ES)
| = 2(0.9) cos(?%)Z' + (0) 2%
-2y Z -2
1-0.92 ' +0.81 €%

(@) Lse the nvme vater {\denow\iv\o&vr polynmia'
coefficientrs as {ilter coefficiemts:
Yinl= 0Qy(n-1]-0.81 y(»-2] + x(n)- x(n-1] +x[n-2] - X[n-3]
(b) MuH-.‘plxj nume rato }; denominator by Zz>
H(z2)= (2-N(2-3)X2+)) '
Z(2-0.9¢)37)(2-04€77>)

Zevoes. Z=1, ) amd -) KT T
+ ;2. ! ;
?olesi '&—-—O, E—“—o'ﬁeJ > .\ ~¢-———4
\“5 ,,
Z~Pla—~\e

() The Zerps of the numevodot
Pelynowmial are on +he uvnit f-irc|e at
Z= e,'l)o, 2 = eSV/z QMA 2:6_)11/7.

whem  x[w)= Aeweﬁ“, the ov*’?"* yl s
\/[v(] = H(e.\':’).Ae.)"e e:)w“

There Hhe outpot will be zero whew H(&”)=0.

Thad ¥, for D=0, H=Ty, awd S=-T,,
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