Homework #7 — Chapter 5 — Z-Transform and Its Inverse

Problem 5.4
The Euler formula gives

cos (wkT) = (6J'wkT + e—jwkT)

N | =

Using the resultthat (ej“’T)ku[lc] — z/(z — e/“T), we have

. U ke 1 2 L d
2 {sin (wkT)} = Z{Q—j(e’“’” —e “”’“T)} = (5) p T (z) PR
B ( 1 > z(efeT — e=iwT) B zsin (wT)

2j ) 22 —(edWT 4 e=iwT)yz 41 22 —2cos (WT)z+ 1
Similarly
Z{cos (wkT)} = Z{%(ejw” + e‘jwkT)} = (%) j + <%> Hﬁ
- (3) 2:2 (T 4 e9l) 2 scos(wT)
2) 22 —(edvT +e=iwT)z+1 22 —2cos(wT)z +1
Problem 5.5
k] = 2*ulk] = Z{f[k]} = 5 = F()
= 7ZdF(z) = fzi z __ % ime multiplication
2t = = = { g = o ime it
Z{akf[k’]} = F(%) = z 5 5= 3 i 5 frequency scaling
_ 272z 21 1 . . .
Z{flk —2ulk - 2]} = 27°F(2) = 5=, 9" -y right time — shift
Z{flk+1 => flk =" flilufi — 1]e=6
k=0 i=1
(Zf 4 f0] - []) = () — 0] = 2 .
Problem 5.6
A = kulk] = )} = 5 = F(:)
B B _7ZdF(z)7 z——zi z .z
E{(k -~ DK} = ZkH) - 20 = =) = dz{ = 1)2} —



:z(z—i—l)_ z _ 2z
(=17 (z=-1° (2=1)°

Z{s I} = P () = :-1° (-5
-1, 1
Z{fTk— ulk — 1]} = z~'F -
U = Qulk — 1]} = =7 P(2) = -0 (-1
5Z{fk + 3Ju [k}—5ka+3]u[k "“‘5Zf Juli =5l
k=0 =3

(Zf T I0] A+ fIe T f[207% - 0] - ) - f[2]2_2>
=5(F(2) = 2°f[0] — 2 f[1] - =f[2])

4 27
:5 ZS : 2722:722702'3 = : 2722’72'2 :M
(z—1) (= 1) (z_1)

Problem 5.7

_ 12 19
> k=19 z “ 0 otherwise

11 k=17 7 R

_ — 11 16 5 - 7 9

fl[k]{ 1 k=12 :’Fl(Z)éz_?—ﬂL—,h[k]:{g k=12 > R(:)2 5 5
0 otherwise

Problem 5.8
(@

2{26[k — 1] + 3+ Lkulk] + sin (k;r)u[lc — 9]} =22{6[k — }+32 {3 kulk]}+2 {sin ((k -2+ 2)5) k- 2]}

'y 3(2 - 3)2 + Z{ (sin ((k — 2)%) cos () + cos ((k — 2)2) s1n(ﬂ'))u[k — 2]}

2 3z . T 2 9z _y zsin (I) 2 9z 271
- ;_1—3(2 _ 3)272{8111 ((k a 2)§)u[k a 2]} o ;+ (z — 3)272 22— 2zcos (Z)+1 Z—I— (z—3)? 22+1
(b)
Z{5F(ulk] — ulk — 11])} = Z{5*ulk]} — Z{5F -1+ 1ulk - 11]}
_ % _ 511Z—IIZ{5ku[k]} _ ;_5 i1, 41% = - i - (1 _ 5112—10)
(©
Z{kulk — 1)} = 2{(k — L+ yu[k — 1]} = Z{(k — Dulk — 1]} — Z{u[k — 1]} = z_l( 51)2 — 71 - -
I S S
(z-1)°" z-1  (z-1)
1 -Lok=1 1 A 105
—g(ulk =1 —ulk =3]) = {00.5 lgtiel?wise = Z{E(U[k — 1] — ulk - 3])} =

2



efemi=ran i = S (1) e} - S B -
Z{56[k — 2]} = 5272
(d)
. Z{(li_ Dulk] — kulk — 3]} = Z{kulk]} — Z{ulk]} — Z{(k — 3 + 3)u[k — 3]}

) W b Ay L) = (z — 1)2 -1 Z_S(z - 1)2 + 3Z_3z -1

The Z-transformof the lastterm in this Problem5.8(d) is found in Problem5.8(a).

Problem 5.11

C)
1 z+1 c1 Co z+1 2 z4+1 3
“Fi(z) = - _ Aty 2 _
) = s Tz T o0 T Io05TR T 2T ryghs TG

AlH = 2= (=)} = z—l{ff; + ZOGOZE)} — 0.4(—2)" ulk] + 0.6(0.5) u[k]

(b)

1 6 6 8
;F2(z) _ C11 C12 C3 ¢s

+ + : S
(z=1%(z405) z-1 (z—1)% 2405 (z—1)2| 05— 3

o= —o =4, o= (o= —— iy = -2
12= gt = A n=o\7505 z:l—(z+0'5)2z=1— 3

falk] = Z7H{Fy(2)} = Z‘l{ (;) Z%l + (24—1)2 + (;) . :0.5} = (g + 4k + 2(0.5)k>u[k]

(©
;F3(z) = m = C;—l-l-cl—Z%-ZfEl—l- o — 4= z2(22+ 1)|z=1 =1, 3= ﬁb:q =-1
2 d 2 —4z
c12 = m|z=0 =-2, cu1= e (m) l-=0 = mb:o =0
fslk] = 271 {F3(2)} = Z{O— P 1} = 28l — 1] = (~1)*ulk] + ulk]
(d)
2 2
% a(2) = (z+0.5§§(z 0.5) = Zi1;].5 E :102.5)2 + z—030,5’ €3 = (zi%lﬁ)'z 05 =12
C12 = i (2) 5 |2——0 5 = —1.25, C11 = di <%> |z=—0.5 = 103(@_062) i |z——0 5 = Z5
fall = 271 {Py()} = z—l{zlfi + (zf;z ¥ Z%Z%} _ 3{3(%)k Qk( }

(€

bz 15} zsin
F5(Z) = = (

2_2+1 s (T) 22 2zcos?é) 1 %Z{sin (kg)u[k] = %sin (kg)u[k]




Problem 5.12

(@
1 1 1 et 9/7

pu— — _|_
(z2+z+1)(z+%) z—p1  Zz—p; z+%
3

V8 =, |1l =1, £py = tan™" (\/5) = 240°

_1
1?1—2]2

i V3 AL , £cq = tan~ (?) =190.9°

=1 g 7 lal=10

k
fi[k] = 9(%) ulk] + %\/8_46%(]«:240" + 190.9°)u[k]

(b)

1 z c1 i cs s

—F = =

P e 1 ¢ i) 3 ST Sy S
1
2
1

. 1
) K - QO pP3 =1 =, |p3| = g) ép3 :900

L il
131—]2 Pl =

18 8 18 18
61:—?3|61|—5,:{61—1800 63:?:>|63|— KCg—Oo

k
filk] = ?;)—6 (%) cos (k90° + 180°)ulk] + 35—6 <%> cos (k90°)u[k]

(©
1 c ct 1/2
1 1 /

.y = =
z 5(2) 2(2242242) z-p * z—p} z
pr=-1—j1 = |pi|=V?2, £p; = tan~! (1) = 225°

1
e = 7% —jZ = ey = i\/ﬁ, deyp = tan™! (1) = 225°

falk] = %5[1«] + ?(ﬁ)k cos (k225° + 225°)ulk]

(d)
1 741 c1 ct 3
ZF(z) = 2 1
z 4(2) (22—z4+ L)z -1 zfp1+zfp’{+zfl

V2 “1(1) = 45°

=ty = Il = =
pl—2 J n 2,p_an

3 1 1
c1 = ~3 +j§ = || = 5\/10, Ley = tan™! (§> = 161.6°

k
falk] = 3ulk] + m(?) cos (k45° + 161.6°)u[k]

Problem 5.13
(@
2

2z —1 2z 1 1 22 9 22 z T
z2—|—1:z2—|—1_z2—1—1:22 Z2+1—z PR from the Table m(—wos(kzg)

= 2cos ((k - l)g)u[k* — 1] — cos ((k - 2)%)11[](: — 2]




(b)

22 — bz C11 C12 C3 22 — bz
— zZ) = - + + ) 3 = =— =3
s (z-2%(+1) 2-2 (z-2° z+1 7 (z72)2|z :
. _2275z| 4 . _i 22 — b5z | 2T | _ 4
12 — Z—|—l =2 — %, 11 — dz Z+1 2=2 — (Z+].)2 z=1 —

-1 ) —3z 4z 3z
K= 27 P} = 2 {2,2+(Z2)2+Z+1

} - (73(2)’“ +2k(2)" + 3(—1)’“)u[k]

(©)
2 2

k T oz L, oz P T

a’ cos (kg)u[k] = ore = 2 i AT 2"~ cos ((k - 2)§)u[k’ — 2]
(d)

z 271 2?2 1/ 1\*! -

16211 = Ww — E(E) ulk — 1] cos ((k — 1)5) see Problem 5.13(c)
22 -1 B 22 _, 22

T T
por Ml e v s — ulk] cos (k§) — ulk — 2] cos ((k72)§)

(e) Using the fact that 22/ (2% 4+ 4) « 2¥ cos (kw/2), we have

7= = e (1 )l
(f) 2 k=1
LS R st st = = B =
0 ’ otherwise
Problem 5.14
(@ z(z 4+ 1)
Al = Jlim {F()} = lim, {(+2)(—05)} -
(b)
bmzlmw&un=ﬁm{ - }:“
z2—00 200 (Z - ]-) (Z + 05)
(©
f3[0] = zlLIIOlo {Fs(2)} = )E{,g {z(z +1)(z — 1)} =0
(d)
- . 523 _
Mm_ﬂ&”“”‘ﬁﬂ{@+ﬂ%o&}_
(€



Problem 5.15

(8 Sincethe function (z — 1)Fi(z) = % hasa pole outsideof the unit circle (p = 2) the final value
theoremis not applicable.

(b) The function (z — 1)F»(z) = (f) (13?_20 5 (2_1)?;0.5) hasa pole on the unit circle (p = 1), hencethe
final value theoremis not applica Ie

(c) The function (z — 1)F5(z) = Z(z(jl)tf 5 = z(zil) hasa pole on the unit circle (p = —1), hencethe final
value theoremis not applicable.

(d) Thefunction (z — 1)F4(z) hasall polesinsidethe unit circle so thatthe final value theoremis applicable

. z—1 T z—1 52° _
f4[00]—211__n}( e F(z)>_zh_IH( z (z+0,5)2(20.5)>_0

(€) Thefunction (z — 1)F5(2) = (2 — 1)z hasthepolesz; » = 0.5(1 + jV/3) = cos () £ jsin (§), hence
the final value theoremis not appllcable




