Clno.[ifﬂ“? Solutions
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y5ﬂ= 3 ylr-1) -5 yln-2] - x(»)

Yiz)= L2'Y@) -52°Y(@) -X(2)

(1-52'+1&)Y(2)= -X(2)
H(z)= Y .

-—
—_

X(z) 1-4E'+5&°

C.\'\anﬁe. ‘o Fnai’rwe powers of 2 when
Findinﬁ Faklf. and ZEros.

H( 3 B FalEf. are ok
& > tj0.357w
=0.5774 €

Mumﬂral’bf 5 E"; so wWe

= T . 3 s
have +wo zerps ot €=0. ANGLE = L 64.34

sv *iz3rads

yy=5yh-1) -4y (n-2] -x[n-2]

F
H(l"): —li.'-'._‘ -, = = : o
-1 +Lg Ez_;ii,,,_i Same poles

T we take Lim H(Z2) we 43&'.'} H{z)—r-'é_"z_ so wé

2-»00
have 2 zemss at €=00
yini= Syln-) -5 yln-2] - x[n-4]

H[‘E): E — -

-\ o - e
meEleget 2 (@-4z+ y)

e ————

Now H(2)— Y2t as z oo, so we have 4 zes
at =00

We have 4 poles. The same twe as
awa-, plus 2 more  poles at z-=o0,
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yn)= —-ﬂ.‘i‘e);[n-r'] + 0.8 x[n) + x[n-1]

(&) Y(2)= -0.327'Y(2) +0.3X(2) +2'X(2)
Y@) _ og+2”

H{E‘}: =
X (=) | + 0.8 2"
- 0.8Z+1
Z+ 0.2
(‘b-) Pﬂ]e &J::' E-I-Ehg:ﬂ "-_-? E= ""GIE
Zepok: OBz+1=0 = 2= ~Yfg= -1.25

N

Z"‘PIME

(©) HEe?)= HE)|, e

= ﬂ-%%—E-‘j:J
| + 0.8 3%
F Y . * _—
(d) [H(e¥™)*= H(e*)H*(e*)
-~ 03+ 08+ed
1+ 0.8e3° | +0.8ei%

0.64 40,39 +0.8e’* + |
| +0.3e3% +0.8e3 +0.64

.64 + |.6cos S
.64+ 1.6 cos S

= 4




ynl= -3 yln=1] + x[n]

@ Yiz)= -LZ2'Y(®) + X(2)
(I+'—za")Y(E)=E:(E) = H(E):‘{iﬂ: )

X(z) I+12!
Te kind P9185 o% 2Cros change to
Paal"l-ivf; powers of =.
S ™ | 2eo ok Z2=0
H(z)= —>
Z+ Y one pole at 2=-'/;.

(\:') The impulse response of +he systew is the
inwerse +rawmsform of H(Z):

) v K= (LY ulm

|+4 2!
To 3&“2 -H\E nu{—Fqu- when )([ﬂ: é.[n‘\ .\—aLn-f] kg[h-l_,\
vse Sk.?t—rfc&i‘}'l'ﬁ“.

yin) = Riw) + Rn-1) rRn-2)
n-1
= ('!5. Tuln) + ('li- "'&[n—ﬂ + ("’"5—) un-2)
For n=o, ylo = { +yo+o =1
For n=i, yhj=-§+ivo=7%
n s | ned
Rv nz2, yln= (-5)'+(5) +(-3)
= -5V (1-2+4) = 3(-%)"

Eifmuln. F:r );[.q-‘

yin]= ([w] +L Sha] +3 (";:)ﬂu[h-zi



3,13
Characlerize each systew (S — 5)

L o |
&l' HI(E)= T_ ﬂIqE_I == Fﬂlf. al 2= 04
ra 2em ot Z=-|

H.{EF") is a LPF with o wll at O=T.

-1
;S;'. H,(2)= q+lo=z = [olead Z2=-09
j+ﬂ:q2i' ‘Egmdj' E:—l‘%

Ho(e3®) is om all-pass Filies

S5t Hy(@)= £0-2" o pole at 2:-09
| + 092" Zeo at 2= |

H:J.(e:"d}) is a HPF with a null at J=o0.
Sy He(2) = -};-(I+4E"+éz"‘+4z'3+z"')
=;'1:(I-I-E.")"r => 4 2erps ok 2~ -

W[EF‘) is a LPF with null at &=
DC valve : Hy(e¥) = 4.
Ss': He(@)= 1=+ 72 -3 ¢ 21 =
has 4 zers arovnd the unit
No zejo ol E:.—l) others at e

Hs(e¥®) /s a HPF with nulls at = *L, £3F
e
Sl - H‘{E) = | 'I-E-l $E qu = :-—;*'

has 3 Zeéros around the uat circle ot Z=%j -|

He (€5°) is a LPF with nolls at o=t , ™

1 _ 35 = - .
St Hp()= hEW Dt 2® = 2
- % ks

has 5 zeros around +the uwt circle ot 2=€
Hy (€3%) is a LPF with wolls at Q=+, t2r w

1+ 2>

1+ 2~

le.
Efi“fr - W/s)

Pza1: S, PZ#3: S, pz#s: S
pzr2: S, Pz#4: S PZ#&: Sa
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Characlerize each system (S, — 57)
-1

: _z¥zz
St H(2)= 1-06.92")

= Pnl: of 2= 09
2¢v ot Z=-|

H(e¥) is a LPF with a null at O=T.

-
L Ha@)s Atlo’ ot Z=-09
'5‘2 - ) ) + 0.9z ::"Da* E:—E%

Ha(e3%) is om all-pass Filles

Sse Hi(2) = 5(0-2") 5, pole at 22-049
|+09z" 2¢0 at 2= |

l'ls(E;":’) is a HPF with a null ad J=o0.
Spi Hy(@)= (144246521422 427)
=:'1:(|+E-l)4 = 4 zemps ak 2= -|

"'4[&3'3) is a LPF with null at =T,
DC valve : Hy(e¥) = 4.

-5
N _ i - + 2
SI H;'E:I—E'i—?'?‘—i?-a‘i‘E*: ]
] () 1+ 2"
has 4 zems arovnd +the unit circle.
Vark/e - /s)

No zejp al 2= -1; others id @
Hs[ﬂj"a‘) ‘s a HPF with nulls ad = tE_, t_%
|-z

|- 27!

has 3 Zéros around the vut circle ot z2=%) -|
H (€5°) is a LPF with noulls o =t

- . _ a6
S,: H,(2)= 1rE @ et 2° = : E*!
I R

hWas 5 zeros around +the uwit circle ot 2=€
H, (€3%) is a LPF with wolls at Q=+t ,t2r w

S: H(@)= 1427 432+ 37 =

(A) S, ) & () Ss
(B) S, (P) S, (F) S4



8.1b

PZ#\1: zero ot 2=1 => zep ok D=0
only (D) #as a zew ot DC

PE#E: Fo'l{'; vy Aml axvs bb‘r[' 'FM -ﬂ-tnv. Z= 1.
=> LPF with very wde passband. (B)

PZ#3: Palg uf.ry close o Z=1 => Warrow LPF
a't:iu, ZE€D ax zZ= -] => 240 oA u’fj‘:Tl' (A)

PZ4 4 Pnle. amgles one aPmeima}E.lj t T/
2 pads nas Betoh (B
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@ H(z)= —©73 427! = SBY FPKKING THE
THE DIFE. EGw.
b
( ) Toue @ 2=o.8 o N rvf..aem
2 — _"-J-. . _H_:__B___
€0 @ 2= 48 ; pele
=\.25 E—F"ﬂ-u.n_
(L‘ﬂ Hf&j""')z Hfi)) e g O.% + éjﬁs
2= T agk
{ — c.8e’™

(d) lH(_i'-‘iL)l;': H(EJQ)H‘-(&J.:’) —p M;.H.._TIPL‘T ?

CONTUGATE

= ("c“g +E_F"J“J)(—{}.$+E+J¢J)
(1-c.8e3*)(1 - 0.8€")

= .64 +1 - 03 —o.3eN?

—_——

| +.69 - c;,'ge:jé __G.?€+J..‘!‘a

- l.e4 — . 6costS

},L4 e ji 6 Lﬁbaj

‘U HE®) = L

(&) xM= /4 ¥ caa(%n) - 3,;:,.-_:.(1_;-".-.)
Need HIE®)  Nood H(&H) SNeed H(E™)
Since TH@®)) =1 for all fregs, only +he phase
of +Hhe cosine terms will chamge. Alse, +he

PM&E ol =0 is 2&4p, Se
)’M= 4 4+ ms(§n+£.i-l(e"“))._3u5(i_;:" +-I"-'-H(E;’w3))

r
ZH(€? ’f‘)= ~149.97° = -2.617rads = -0.333m rads
ZH(e*™?) = =)72.64°= -3.013 rads = =0.959w rads
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Mul+i|::-!7 ovt HI(7)
(=)= ED0-iEH0+iz)
(1-04&™™*Z)(1-09€"™3")
s 2D +ET)
| - 2(0.9) cos(?%3) &' + (0a) 2%
T e e
1-0.9% ' +0.81&E*

Q;l'] vse +he numevater ﬁdinnmimhr Pn'ahhuﬁﬂl

E.nEFFic.iEwH QaAs -‘:{H‘ﬁr cne,-[:ficfe-ni-s'-
ylh')= G-"Iy[n—l]-—b.%ly[n-z'] + x(n)= x(n-1] +x[(n-2) = X[n-3]

(b) Multiply numerato 2, demominator by &
(2-0(2-3)02+)

H(Z2)= . :
E(E-n.‘iEJ:'""‘-")(E-&-“IIEJJ"‘F‘)
“evoes, 'E:-I;,j M-j rl*j{ - ;
+ 14, [ .
?alesf &=0, 2—,=¢.1e," /3 - : ﬁ i
% L’
2-pla--f.

(¢) The 2erps of the no mevroto
polynewial are on the vait arele at

Z=e), Z~= P L Y | z:é’iﬁh

wkﬂﬂ x[ﬁ']"—; Aejq&}b“" +4ke_ bU*‘FU‘J’ y‘:l'q |h_5.
yil= H(ei®) Ak &

.T}'\E-T'E. He ﬂui’PU*' will be zero when H(eja):_&

Thad ¥5, for =0, H=Ty, awd SERL7%



