(?rou.e/m t2.]

() “The Af78,.,:u,a‘° yote s Somx2 = lboT
Lot UJS = 1.5 x lbo ® = 2 ¥o Tl\tym
XS(JN)
—24W —§eV 2407 w
Lb) L—-Q.‘_ (A];--.IS'OT?
Xs(}u‘)
A
< ) /\—‘:{/\N ¢ o = .
-5t B 1501 30Tt w

o\,Q:o.sc.\a occurs  bacausa o A§favent X Gy may

vesult (n +he Same Xs(jw) oas  obove, for J/KWH-QJ

KGw> o givem ac Sellows (shown with Lovgar sank )
Ay X4

p

A FoT
ToTl



(c)

/A Q")
/' 157 —

oW



Problem 12.2: ECE-2025 Spring-2004

(&) Lse }ons divisiom ds in Example 2.1

-3 ‘——'1_3
- @
0.77 Z.' +1)-27" 4+ UOTIENT
—=1 )
2.3

Ha(2) = -1.3 + 2.3 Use Z-Transform pair:
+0.772"! b ., b o]

I-ag!
hlr)= ~1L3616) + 2.3 (c0.77) )

(b) vse long division :

“L(Z)= [+o2% = -
| —-0.9z"

= R,00= -3 401 + T (09 u]

NOTE *

) ~).
Poit . 2??7..!3

l‘7/q
| ~0.92"

2
5 t

(€) Lse +he shifting property : Z *H(z) e R[n-n]

2( 1 -2
Re@)= & (1550m) = 2 GE) g (09} ul

'Rr.[“]-'- ﬂ.-.[“ “2-_‘= (D'q)h.zu[n-Z] "-—ii’s sianal ?
- T at n=2

(3) This is an FIR filter
Lavert term by term:

Hy () -—-/1 -z +22% -3t
X S~— _ =
$]  ~&fn-1] N 2 §{n-3) 38[-4)

hyIn)= S[K)— E(n-1) +26(n-3]) - 34(n-4)




Problem 12.3:

Characlerize each systewm (S,— 35,)
&‘. H|(?_): ii__f_'_;".-_?_:' =

-0 qz_. rOlc 0.{ 2= 09

2em ot 2=-|
H(C-":’) isa LPF wth o nll ot L=T.

S'. H,(2)= j:_.’o_z_:. _ ot Z2=-019
2 M@= TRSe T B Tie
Ha(ej‘?’) is an all-pass Cilles
S3° Hi(2) = £(0-2) 5 pole at 2=-09
l+09z" 2¢/0 at 2= |
Hy(e3®) is a HPF with a null ot S=0.

Spt Hy(@)= (1442 46524423 12Y)
=‘:'f(l-h'!‘.-')4 => 4 zemps ok 2= -

He(e®) is o LPF with noll at D=
DC valve : Hy(ed®) = 4.

-5
- - - - +
S¢: Hs(2)= I-2'+ 222+ 2% - '..é-.

has 4 zerps arovnd the unil circle.
M - T
No 2zepp ol Z=-1), others at e e/ =)

Hs(e¥) s a HPF with wulls ad =L, £30

- - - 1-24
S: H(2)= 1+2" 422+ 272 = |—§-'
has 3 Zeros around tHhe uvnt circle o z=1+) ,-1
H (e.j'c) is a LPF with nolls ot = L,

- - _=-b
S0 Hp(2)= 14248 8% Eh 2° = 8

-2 irkfs
hWas 5 zeros avound +he uwt circle ot z=€

H, (e¥®) is a LPF with wolls at D=t y 12, ™

Pza1: S PZ#3: S, P2#5: Sg
Pz#2: S, P2#4: S, P2#6: Ss



Problem 12.4:

Characlerize each system (S — 57)

L 4 5
12 zem ot Z=-|

H(e3) is a LPF with a wll ot L=T.

St Hy(z)= drlo=! ot 2=-04
2t Ha(2) I+ 0.9z ::D“t z = - 194

Ha(e3®) is am all-pass €illes
S3: Hs2)= £0-20 5 pole at 2--09
l+092) 2¢io at 2= |
Hg(e-"c") is a HPF with a null ad L =0.

Sy’ Ho(@)= ¥ (1442746524423 4 z"')
=5 (1 +2) = 4 zens ot 2=
“'4(83'3) is a LPF with null at D=
DC valve © Hy(ed) = 4.
-5
Syt Hs(@= -2 e F2-P gt s 25
Was 4 zems arovnd Hhe unit circle.
No 2epp al Za-l) others ak e";fﬂﬂ/r-ms)
Hs(e®) s a HPF with nulls at 5= 2L, 30
1-z4
-2
has 3 Zeros aroumd the uait circle of z=t+), ,-1
He (e.j“") is a LPF with nolls ot = te, W

- - _ _a2-6
Syt Hp(2)= 142485 8224 2% = HE

I-'Z' ‘-u-k/‘
e

has 5 zeros avround the unit circle ot 2=
H, (e3®) s a LPF with wnolls at Q=tE,t2r, T

St H(@)= 1+2" +22+ 23 =

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



(Problw (2.5

LoX = 0.25

(o)
— < D o \ 2 3 Y 5
g[y\] o \ Io) O O O O
l/\l:n-l - | o o o az o
n/z
= )/\ [nl = ﬁ o) wn’ T N
O “r oako(

(b LEJ[M: 6.25 4 Ln-2) + X Cn7)

= N(z)= ©0.25 z Y(z) « X(2)

= ( \— o.25 =) Y(z) = X(z)
= H(2) = T ———w]
X (2) l— 0.25 77 %2
_ Z_'Z ?61&5@ i\ro_;;

2

Z _0.25 é}\/os @ o, O



(c) Ffrs‘\' Sol\/.q Ny Ul.sfrxa 'Z —-'i'row\s—jorm

|
Y(z) = H(@ X(z) = \ .

e ——-——"—'—':T‘
|—0.252 1t 2
A-Z-"‘-k-& C
jrems —“+ =
|~ 0.25 2 © (+ 2
.
W hars A = _-&;_ ) R= __..\3— , C = =
1 49
Racall ‘ —~ <> o win)
|- az
| GaTwinl M e
—_— <> é
|- a2 o " adlkd
"
-D*j‘“'\-‘ w Ln—] - 0525 Win) YL Qarern
O L oa(o(
"‘(’Ms,

\ L owinl + R L-\)V\(Atnj
"3[."‘]’—' ] wIn-t) — 3 3

Sac end 'ft\‘WL 'a{n] b7, oUr-e,cHy ,Q_usm(uw."'-‘mg
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N+l
> - o e
= BEV\_J - o Uln] | 24 <a:o.25>
- ‘a (n-1) " o dd
A) |
( i) T l/5
|
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