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0 t—2 2
@ 4=<t<6:

@D 6=t<8:

A ()

45,(0)

—~V
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b ,(0)

—~Vv
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(c) ylz(t) = (t) % hsy (t)

t
Do=st<1: y12(t)=/d7:t

@ 1=t<2: ym(t)Z/dT de—l*(tfl) —t+2

t—2
@2=t<3: 912(75):*/ d7'+/ dr— f d7+/ dr=—1t+2
t—2 ,
@ 3=t<4: y,t) / dT+/ dT—/ d7'+/ d’T—/ dr=t—4
t—2 2 3
t—2 3 4
®4=t<5: 3/12(1?):*/ dT+/ dT*/ d7+/ dT*‘/\ dr=—t+4
t—4 . 3
t—2
® 5=t<6d ™ yp,(t / dr— /d7+/ dr— f dr=t—6
t—4 t—2

@6=t<7d W y,t)= / dT+de=t—6
t—4 3
4
T=t<sd o ylz(t)=f dr=—1t+8
t—4
Yor (8) = a5 (8) % hy (2)
t
Do=st<l: y2l(t):/d7:t
0

t—1 t
@1=t<2: y?l(t):_/ dT+f dr=—t+2
0 t—1

t—2 t—1 2 t
®2=t<3: 921(t):/ dT*/‘ dT+f dT*/ dr=—t+2
0 t—2 t—1
t—3 t—2 t—1
@3=t<4: 921(”:*/ dT+/ dT*/ d7+/ dr— / dT—t*
0 t—3 ‘—
t=3 t—2 t—1
®4=t<5: ygl(t):—/ dT+/ dT f d7+f dT—/ dT__t+4
t—3 t—2
® 5=t<6: gyt f dT—f d¢+/ dT—f dT—t—
t—3 t—

-3 4
@D6=t<T: 921(t):—/ dT+/ dr=t—6
t—4 t—3

4
T=t<8: 921(t):/ dr=—1+8
t—4
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Hz Brsle

Ay,(t)

1

0 1 AN A 5 /6 17 8 T
-1

Ay, (1)

1

0 1 AN A 5 /6 17 8 7
-1

4.17 (@) A7 () =06(t—3)°12Z h(t)=0, t<0 - QI Al

a3q [ o la= [ 1s6-s)ld=1<w - o3P A

— — o

() 1A h(t)=ut—3)°]EZE h(t)=0, t<0 — Q13 A~HE

A / |h(t)|dt=/ lu(t—3) |dt=c0 — - Borgsh A~

(©) A4 - ht)=r(t—3)°]2= h(t)=0, t<0 — ooolal Al xE
@dq [0 la= [ 1o ld=o > o B A

(d) 1A ht)=¢" " tult—1)°)2E h(t)=0, t <0 — ooolmp Al

QrA / Ih(t)ldt:f e~ ut—1)dt=c0 — .. EoFgd

— o — oo

) 0, t<0
418 (a) A7A h(t)=7u(t)= 1 — h(t)=0, t<0
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0, t>0
(b) 13+ hlt) = (t_l)zu(—t){ 1 — h(t)#0, t<0

SEREEIPES

%@%1/‘|hw|ﬁ=f

— o

0
wQHERE Al

@)%ﬂ%:iM)zJ%ﬁ—ﬂz&Mb%pﬂDz{gtiza ) %0, t<0

SEREEIPES

o [e9) 1
oL f |h(t)|dt=/ |62t1t(1—t)|dt:/ ethtZ%e%

QA% A

R “

>
juiit}

(d) 234 : hit)=0, t<0

°l

i RS

[ee] [e'e] _ 1 B
oFH A / Ih(t)ldtzf te” Mdt=— Ste 2

— 0

EERE

oo

*/ *lefgtdt:l< 0
0 0 2 4

oA

1l

=

Al

[>
et

(e) 214 : h(t)=0, t<0

LA AT

A / |h(t)|dt=/ |cos(2t)] dt =

— 0

L R E A xw

(f) 2AAFA : h(t)=0, t<0

SR AR

ﬂ@@:/"|mmﬁ=f w%am%ﬂﬁ</‘a%ﬁ=§<m
0 0

4.19 (a) Al &R &9

(b) Al=®l2 =<4

© @3 [ Is@de< 0 wolw HgR e ok,

— 00
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4.20 (a) 5AGEA 1 Q) =N +51+6
EAANAA 0 Q) =A+50+6=A+2)(A+3)=0
A= A==2, =3
EdRE e 2 e

(b) 5492 : Q)= +9

A s Q) =M+9=0\+53)A\—33)=0,
_‘1 .

[e]

(a) M1 E=

(b) M2 2=

oy, (t) == gl 4 je I =— j(e/¥ — e /) = 25sin3t
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Q\) =X\ +4)+4

NA+ar+4=0+2)2=0

QW)

<

eel

jang
jze)

il

i

jze]

-

il

T2y ope 2

3e

(t)

Ly

N H6N2+H110+6

A+ +50+6)=A+1)A+2)(A+3)

Y2+ B5A+6)

A+1

)

A

(

Q

il

0

il

-3

i

puze)

il

il
sl
‘uAlo
il

oy, (t)=6e""— 7e M 43¢
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4.21

4.22

4.23

_ 21 g, 1
(a) y(t)= e T

N VAT VRN R
(b) y(t)= 5 ¢ +9€

_ 1210 e, 200 20
(c) y(t)— 1ol e +7101 COS(t)JrTOl sin(t)

I I ey
@ ylt) kG +4e +2

_8 4,85 9 3
(e) y(t)—3e+6e 5

1 gy 1y 1
(a) y(t)—3e 26 +6‘

Ll s 2 1y
(b) y(t)—2e 3¢ +6€
(c) y(t):e_gt—e_4t
(d) y(t):26_3t—26_4t_t€_3t
s A3k gho] R=1[Q1(2% &F)

Ly
4
+
i(t)CD = §F 10 w(7)
2

(a) d;t(;)+4dilit)+3u(t)=3i(t)

_ 3 1y
(b) v(t)= ge  Toe Ul

—3e¢ '+e Y +2, 0<t<l1
t) = .

© y®) {—3(1—e)e‘+(1—e3)e32 t=1
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dz (t)
dt

)+4y(t):

(t) ,  dyt
+4 gt

t

d

2
@ ¥

4.24

1
4

te 2+

5
2

%67%4'

(b) y(t)=

S LEEICE I

Mol QLA 28 e] )

o

CEOEX R

K
Er

to 0] ohdl z7)%

S

7} =4

Ho

0

X
0

—

0

o

X

T
o]
TH

Ho
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51 &

52 ©@

53 ©, @

54 @&

55 ©

5.6 @&

5.7

58 ®&

59 @, @, @,

510 @

5.11 (a) y[n] - [iv 07 17 _17 0’ _1]

(b) y[n] = [67 07 17 07 1a _15 Oa _1]

yln]
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(©) ylnl=10, 0, 1,0, 1, —1, 0, —1]

e
= 4

(b)
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}

(c)

(d)

(e)

4yl[n]

4

T | :

-5 -4 -3 -2 -1 0 i 2 3 4 5 6 n

5.13 (a) hln]=1[1, —2, 3]
d) hln]=11, 2, 2, 3]

(c) hln]=10-5, 0.5]
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514 (@ O n<—2 yln]=0
n+2
@ —2=n<1: ylnl= hlklzn— k]
k=0
—2]=z[-2]=14
—1]=z[-2]+z[—1]=6
0]=z[-2]+z[-1]+=z[0]=7
n+2
@ n=1 yln] = 3 hlklz[n— k]
k=n—1
ylnl=z[—2]+z[—1]+z[0]+2[1]=75
Ay[n]
8 ® ®
7® P
6
5
4
3
2
1
-2 -10 1 2 K n
b)) ® n<—3 yln]=0
n+2
@ —-3<n<0: y[n]z 2 hlklzn— k]
k=—1
n+2
@ 0=n<3 y[n]Z hlklzn—k]
k=n—1
4
@ 3<n<6 y[n]: Z hlk]zn— k]
k=n—1
®n=6 y[n]ZO
Ay[n]
80 [ ] p
® 7
6
5
4
‘ : ‘
2
| | | T .,
-3-2 -1 0 1 2 3 4 5 n
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() yln]l=a"uln]— a("fg)u[n— 3]

D n<o0 ©oylnl=0

@ 0=n<3 : yhl=d

@ n=3 D oylnl=a"—a""¥
Ay[n]

1e

ol

(@ ylnl= Y] d"(6ln—k+1]—d*[n—k—1])

k=—2
D n<-—3 yln] =
@ —3=<n<-—1 yln]=a"""
® —-1=n<1 ylnl=a" ' —a2a" "V =0
@ 1=<n<3 y[n]——a2a(n7]>
®n=3 y[n]ZO

yin]
a—2
1
A
I 1 2 3
é

5.15 (a) y[n] = [1, 6, 13, 20, 28, 16, 16]
() yln] = [4, 14, 17, 30, 17, 14, 4]
(c) yln] = [16, 16, 28, 20, 13, 6, 1]

(d yln] = [1, 6, 13, 20, 28, 16, 16]
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5.16

5.17

5.18

5.19

5.20

5.21

5.22

(a) yl[n]:[]v-a 13 23 23 27 _47 17 _5]
M) y,lnl=1[5 —1,4, —2, =2, —2, —1, —1]
) ylnl=1I1,1,2 2, 2 1,0 —1, -2, =2, —2, —1, —1]
(d TH d8& Hgsi4
yln] =y, [n]+y,In—>5]
=[1,1,2 2 2 1,0, —1, —2, —2, —2, —1, —1]
hin]= (hl[n] + hg[n]) > h3[n] + h4[n} =uln—4]+a"uln]
(a) 9% 299 4% ylnl=8[(0.5)"—(0.5)*"""uln]
o2z a9 A% ylhl=yiln]=4(n+1)*(0.5)"uln]
AEl o] HlAY AlaElolmR T RAAEY SME Hpo
o] gt

(@) yln]—Tyln—1]+10y[n—2] = 14z[n] — 85z [n—1] + 111z [n— 2]

(b) yln]+3yln—1]+2yln—2]=zn]

y[n]—0.25y[n—2] = 22[n]
(@) hin]=6[n—23]
(i) 24
hln]=0, n<0&
(ii) A4

i |h[n]

n=—00

|<OOE
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n—3

(b) hln Eaks > olil =uln—3]

k=— oo i =— co
(i) 44
hin]=0, n<0& REFSIER o] A2 Q1A Ql AJAE ol
(ii) H8A

Y lhln]l < o & WHEA FomR o] AlnElL Bk A gl

n =— oo

© hinl= 33 Slm—31= 31— (n—2uln—3

k=—ocom=— k=3
(i) 174

Bl =0, n<0E BEHBE o AngE ApHQ) Azwol,
(i) erg4

> lhlnll<ocof BHeA gormw o Axgle Hekgd Axwlolr),

n=-— oo

n

@ )= 3 2 "6lk—31=2""uln—3]= (3" ‘uln—3]
k=— o0
(v 2brs[k—3]e k=3 wivt gro] EAEERE n = 3oAT hln] EA)
(i) 914
hln] =0, n<0S WEFEE o Axwle Qluhael Axwlo]T,

(ii) SH48A

)

e}

Y Ihlnll < 0% WESEE o] Axwe b AxHolt),

n=— o

5.23 (a) (i) 134

0. n<0& WHFE A3 AzTolth

(b) (i) A74A4
hin]l=(2)"u[l—n]o2 hln] =0, n<o0o|t) wabr nv]13}= A|xEHo|t}
(ii) $+47

P 2L WEHBE YT AmHoltt,
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(c) (i) VA

o] Eole] g el WEY ZeaRe e P

function[x,n]=stepseq(n0,n1,n2)
% Generates x(n)=u(n-n0); nl <= n <= n2
% [x,n]l= stepseq(nO,nl,n2)

n=[nl:n2];
x=[(n—n0)>=01];

(a). (b)
clec; cle:
?{z([(_—ll())?r?)];stepseq(o -10,20); n=[-10:201;
o T x=((2).”n).*stepseq(1,-10,20);

zero= 0; . .

. figure;
pole= -1,
' . stem(n,x)
figure;
zplane(zero,pole);
figure;
stem(n,x)
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H3 Bretorzroial
(d)
Si clc;
n=[-10:201: n=[-10:201;
x=(n+1).%(2.”"-n).*stepseq(0,-10,20); kiabs(nz, )
figure; X._(O'5_)' ki
stem(n,x) figure;
stem(n,x)
(e) €
clc; clc;
n=[-10:201; n=[-10:201;
x=((0.5)."(-n)).*stepseq(0,-10,20); x=((0.5).”n).*cos(2#n).*stepseq(0,-10,20);
figure; figure;
stem(n,x) stem(n,x)
5.24 (a) hln] = (—2)"uln]
1, n=~0
(© hln]=(=1)"—(=2)"
(d hln]=(1+n)2"
n+1
5.25 (a) yln] = (—a)"
k=0
) ylnl=(—a)" "' +2)](—a)
k=0
n+1
© yln]=2Y (—a)
k=0
_ yus1, —2(=a)"" "+ (05)"
n+1 n+1 n
_ Y ntl 2(—a)"" ' +(0.5)
(e) y[n]—kzo( CL) +( ) + 29+ 1
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5.26 ¥ (a), (b) 2 35 4 — A4
(@) yln)l—yn—1]—2yln—2]==2

D) 948 SH +FH

..

3

Ly L
= 2( 1)"+4(2) 5
(i) ALfr-&E+ A=
1 , . 1
vl = bl + g, lnl = |21+ a2y + |- 1
¥ 13 A g 9 A aAgE ylnl—ylh—1]+2yn—2l=zn]2 BF
@ AN ¥+ s

o e R ]

e e ot
R R

i = ] 4 9] = [(—1+j5/\/7)(1+éﬁ)” . (—1—j5/ﬁ)(1—12-ﬁ)"} .

N 4 4 2

() ylnl—yln—1]—2yln—2]=2z[n—2]
D 9™ S5 +QHH 5H
yln] =y, [n] +y;ln] = [%(—1)” + %(2)"} + [%(—1)"+%(2)”—%
= (-1 sy -5
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yli=11+ yl—2] = zln]

(e) y[n]—%

z[n—2]

(a) y[n]+2y[n* 1]

5.28

(b) hln]= i(—g)n
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5.29 (a) 9HH

aln] L vn] aln] o |4
z™! z!
e :

(@) M2 X &= (b) BX M2 =&

(b) &<+

0 —é%-o.gs
g I S

1.5

A
«———

A

o

o

s et

(a) M2 A& (b) 88Xl K2 HEE

\ 4
N

2 -0.5
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(d) 4A 4

(H v BtAe] 2 vty A b2 Bt

EN
A

*—
A

o

0

(@) M2 =& (b) X K2 =&

x[n] I—r 0 x[n] 0 HC?—» yln]
—1 Z7!
J 0 0 —»é%
'
-1 2
J » 0 0 —»(54—
! s
Z—l Z—l
> 1 1 —»éﬂ—
z z™!
1 |« l > 0 0 —»(54— -1

(a) W2 =& = (b) MXl M2 =&
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6.1 ©@

6.2 @

6.3 @

6.4 ©@

6.5 ®&

6.6 @

6.7 @&

6.8 @

69 @

6.10 @

6.11 (a)

- N W A

=}
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(b)

(b)
6.12 (a) (b)
Ac, A‘Xk‘
2
1
] . [,
0 1 2 3 4 5 6 -5-4-3-2-10 1 2 3 4 5 6
. ZX,
1~ a

E
—_
\9}
w
IN
)
(@)}
\a

T
T2 2z
3
X484 Fourier AHEH
1 5 1 = u 1 i 1 =
(©) z(t)="e *e™ Pt ae te £3de e ke M e e
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6.13 (a)

-3-2-10

(b)

Ac Ag,
6 13 4\/5 3
5

4

3

2

1

0 1 2 3 k

(0) z(t) = 3+4cos(t—%)+4\/§cos(3t—%)

6.14 (a) () daeks F4 Fdd 3

z(t) = sin 2t+£) = cos(2t+ K 1) = cos(?t— 1) = Y cpcos(kwyt+6))
4 42 1) A
™
—1 _ 7
¢ A 4
(i) Al g G2 pgel 5
T 37 o
1 05 o 1 i .
vlt)=ge e —ge e ;_Dkae] #
1y 1 —i
X,1:§64, X1:§€ 4
(b) () Azreka P24 Fdd 5
z(t) = ay+ Zakcoskwot = Eckcoskwot
k=1 k=0
2
X = —_ —_—
0~ G T
2 [T 4
X, = a,= —/ z(t)coskwytdt= ————
hrJ, ’ (1—4k)m
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() () Azeks 4 Fool 3

sin2t + cos4t = cos (2t — %)—I— cosdt = ¥, ¢pcos (kwyt+6,)
K=0

8
—
~
—
Il

Cl == 1, 91 = - % & 02 - ]., 92 - 0
(i) A= g G4 Feo F=
1 _ 1 _ 1 1 -
)= = j4t j2t+_ j2t Jjat j2kt
x(t) 5 € 5 2j6 + 5 k;@@X e
1 1 iy 1 1 iy 1
X7 = —, X7 = - — = — 2’ = — = — 2 =
27 79 L 27 ¢ M= 9Ty > X

1
x(t) = —
4 k=0
3 1
Cl == Z, 91 0 & 03 == Z, 93 == 0
(i) A s 2 FHoll v
_ 3 1 3t —jt 1 s — j3t S ikt
x(t)= —cost+ —cos3t = —(e/"+e )+ =(e" + 7)) = Z X, e’
4 4 8 8 k=— o )
1 3 3 1
X_3:77 )(_1 :g’ ‘;(1 :§7 Xj:g

(e) () Az g4 Felo v+

z(t) = cos2t+ cos3t = Y cpcos (kwyt+6,)
k=0

.. 62:1, 9220 & 03:17 95:0

() Ao g G4 Feo 5

1. . . . . & "
z(t) = cos2t+ cos3t = (e +e -fzt)+%(e13f+e By =3 Xt

k=— oo
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() O A4 G4 Feod =5+

1 1 -
z(t) = —Ecos(Zt—%)—&-Ecos(St—%) = Y ¢cos(kwyt+6,)
k=0
. 1 T 1 s
CaT o 91:5 & = o 94:*5
(i) A g F2 Fgel 3
1 1 - o
()= =cos(2t+ =)+ —cos(8t — ~) = M X, el
2 2’79 2/ T A
1 iy 1 i 1 i 1 -
X,4_—€2, X,l_ze 2, X122327 X4_Z€ 2
- Jhwyt o A kgt
6.15 (a) z(t)= Y, X,e = Y —e
k=— oo k=— co T
A
_ . Jkwgt S A — jkm Jkwyt
b z@t)= Y, X, S S e
k=— o0 ’ k‘:fOOQT
A _
N R .
|XL|{T’ F=37 & 2x,=0
0, k:%}'{}:
X4 X, |
X X,
T T

3210 123456789 % -3210 12345672809 %
/X, X,
“3-2-10 123456789 % —3—2—10‘1234567897
(a) (b)
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> 2X
() =)= E X Jkwgt _ _j_O Jhwyt
[ =m0k
2X, . T .
:1)\ _—— :E—/\
|Xk| {kﬂ" k = 1 & AXk:{ 27 k = 1
u) 2X Cw
@ ()= Y x e = P
k=— o k=4m+2
2Xo g — T k=4m+2
|Xk|: k7T7 = 4am & LXk:{ 27 m
0, a1 9 0, 19
‘X’f 2X,
2X,
72X, . 2x,
| | 7 Lo > 57 | .
—3—;}10\ 123456789 k —3210‘123456789101112131415;
10
AX,(I» k] 11
| |02123456789ic 0123456789101112131415‘
S=2n T 1 T T -3- 21 ,, k
T2 ?
(c) (d)
J%, =1,3,5
6.16 (a) X, = j%, k=2, 6, 10
0, k=4,8,12
1 4
X, = (/ dt+/ 3dt) —3t| +3t| )=0
0 3
1/T gt 1/3 gkt 1/4 —jkiyt
X, = — Tdt = — +— [ 2
(b) X, T Ox(t)e dt 1 26 dt i/, e dt
3
— jk—m . .
=j2]1ﬂ(—e ’ —e*]k”+2e-f2k”)
. 4
1/T 1/3 1/4 1, ]? 1 3
= — = — — = — = — — + — = —
X0 =7 Ux(t)dt 1 2dt+4 Szdt 4(t2+2t ) 4(3 2+8—6)
3
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T . .
:if? ikt _ 'e—jkﬂ e-jk?‘(_ 1
(©) X, 7 77Tx(t)e dt=3j P DTN
T 1
_L/? _ifl _el 1
X =7 7Ix(t)dt— 5 02tdt— 5| =
2 0
1 L ) 5 Y
— ikw ) — gk —gko
@ Xo= [ Ppate " di=— e e o)
2
L
= 1 =X
6.17 (a) X, o k= even & X_,. =X,
- ™
0, k=odd, kE#1

- P - 2 Py
(b) t) = C. Jjadmkt _ jan kt
y(t) kzzjoo ve k;oo (1—4k)r ©

1
-7, k=2
6.18 (@) X, =1 74
0, k=even(=+2)
2
, k= odd
(4— &) ?
4
4 k= odd
(b) ¥ = (4—K)m 7
0 k= even
4 i J'kit
y(t) = 1 2
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km
4 it
6.19 (@) z(t)= >, S5 € 4
k=odd k™
kn km
4 i (t=2) , Jt
b)) =2@—2)= )Y, L ! = Y Xx/e!
k= odd ™ k= odd
4T hmodd
X, k:27r26 J 0
0, k= even

km km km
4 j——(2t) 4 j——t , it
(©) z,(t) = z(2t) = Z TR 4 = Z S5 € 2 = ZXke 2
k=odd k™ k=odd k™ k= odd

4
Xk/ _ { k27(-2 , k= odd

0, k= even

R ?TU)JF (e.j<2t+ I - D

6.20 (a) z(t) =2+ 2(e'7

M) ¢, =21X, & ¢,= 22X,

Ac,
4
2
0 1 2 3w
(a) M= ATEH (b) & ABEZ

9
(0) x(t) = Y, ¢,cos(kt+¢,) = 2+ 4cos (t+ 2%)+2cos(2t+ %)
E=0
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6.21 280

6.22 (a) x(t)= 10 in2nkt)
k= kT
50 1
b 22 1
e SE s K

1
© —( ——1)
o WS4 K

623 (@ zt)= X X' = ¥ x.t

k=— o0 k=— co
_ 1 Y |
Xy == T:c(t)dt—2 Oldt—
1
Xk_{ ]k , k=odd
0, k=even

k=— o0 k=—co

lv k:()
2

B4k K SEC— k= odd
0, k= even

172 & 2

(c) (—)Jr
2 m;(2m—1)27r2(1—(2m—1)27r2)

6.24 (a) %(1—6*5)

2E(1—e ?)

(b)) —F/——
V25 + 4rx?

E(1—e™?) 2ET(1—e 7)

©) lygl=—"—7"=, ly,l=
! 5 Y VT a2 (RO? V25 + Ar?
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H2 Breiorzroial

Hanbit Academy, Inc.

72 @&
7.3 @
74 @
75 @
76 @
77 @
78 ®&
79 @&

710 ©@

e*(a+jw)T_1
711 (@) X(w)= — ot

(ﬂ*jw)T_l
b) X(w)=+-——=

a— jw

_ —jw —j2w
(©) X(o) = 4—2(e jw+e )

ejw7+ e~ ij)

(d) X(w)= 1479

TW
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712 (@) X(w) = ——(1—¢ )
jw

7.13

7.14

(b)

(c)

(d)

(a)

(b)

(c)

(d)

(a)

(b)

(c)

_ 1 = 5(jw+2)
X(w) jw+2(1 e )
1, _ .
X(w)=—5( ?“(1+j5w)—1)
w
X(w):jsinc(iJrQ)—jsinc(i—Z)
s T

w
X(u)):j%[é(w—kwo)—&(w—wo)]_%
W — Wy
= Jo(w)+ % P T ST R
X(w)_25(w)+8[5(w+2w0)+5(‘” 2‘”0)] sz ]4(0)2_40)3)
X(w)=-—L2 =2
jut+tmT  w—gm
w
X(w) = . 20 2 2
2wt wyg—w
X(w)—/ :E(t)e_]“”dt:/ (1) _Mdt—F/ (*1)6_]“tdt
— oo —1 0

S N L ] Nk -
Jw -1 Jw 0 Jw 2 Jw
= —(cosw—1)
o 1 1 o 1
X(w)=¢’ {W(S(CU)‘F,—}*Q{W(S(Q))‘F,—}‘FG J {Trd(w)—l—,—}
Jw Jw Jw
= (16 (w) + )+ e 99— 2) = 2(x6(w) + ——)(cosw— 1)
Jw Jw
Zi(cosw—l)
jw
( ~(cosw—1)m6(w)=0 )
jw —jw
X(w) = &*l = .l(coswfl)
Jw Jw Jw
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H2 Breiorzroia

Hanbit Academy, In

715 (@) X, ()= X(—w)= — [ + jwe #* — 1]
w

—jw

(b) X,(w)= (X(w)+ X(—w)e ¥ = [cosw+ wsinw — 1]

w
2
(©) X;(w)= X(w)e "+ X(—w)e? = %%sm?(%) = %sinc 2(;7)
d X;(w)= X(w)e_j?—&-X(—w)ej? = 3sm(ﬁ) = smc(g)
w 2 2T

@ Xyw)= 22x(u)e ™ = 21— ju—c )

jdw

7.16 (@) X, (w)= CR
—w'+ 710w+ 24

b) Xy(w) = —w2+§f5w+54 o

(©) X;(w)= #]5?;%

(@ Xilw) = —(w—lO(j)(Zw—&-_j;?jJ—lU)‘Hi

(&) Xy(w) = —o* w4—37w2+366—]2;(10w3+60w)

® Xy (w) :_% _<w+27r)(50++5§2+2w>+6_ —(w_QW)(;U+_5j'7(ri—2w)+6
7.17 (a) Y(w)=J’%(%X<%))=ji(5(%)—6(%—2)):ji(‘s(“’)_‘s(w_w

(0) Y(w)=je™[5(w)—6(w—2)]—2¢"[ulw) = ulw—2)]
(0) Y(w)=X(w)e  =rect((w—1)/2)e 7>

(d) Y(w)=(jw)X(w)= (ju)rect((w—1)/2)

(e) Y(w)=—rect((w—1)/2)—w(6(w)—6w—2))

0 Y(w)= j%X(w)erX(o)é(w) - j%rect((u)— 1)/2) + 16(w)
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7.18

7.19

7.20

7.21

7.22

1 2a a
(@) z(t)= = =
27 @2+ 42 7r(a2+t2)

b) () = %[6(15—# D +6(—1)] % %PZ(t) - %[PQ(t—k 1)+ Pyt —1)]

(@ (1) = {Zyine(L)) = ZLOTIL _ 2 ey ine( L))
dt \ s T 2 it T

@) () = e'jw“t-l—%A(%(t—l))

(e) z(t) = %pQ ()™ + e 7" = P, (t) coswy ¢

_. 12 _ 1
® =(t)=jg jt wt

t

@, (b) z(t) = e*at/ dr=te “u(t)

0

_ 1 LAV LN S () =
(©) «(t) = (N—1)!(—j)N*1( N ()

Xl(w):X(w)—l—X(w)*(7r[5(w+2w0)+6(w*2w0)]
= X(w)+7X(w+2w,) + 71X (w+ 2w,)
deFel wel AY F3} ARl 2,()E FAANNA X, ()o14 X(w+2w,) AEE

Yo 3t npgel fAstrE AAHL, X(w)®F EA drk
ek ()5 2 F28ow A Hel AT 2()E 52 5 AUk

(@) z(t) = %sinc(%(zﬁ—to))

1— t
b) () = — 0wt

7t

(@) =z(t)= %(Sith + sint)

1 .
() z(t)= —— (coswyt+tsinwyt —1)
Wwot

(©) 2(t) = —[sinc (L(Hl))ﬂmc (%@—1))]

4 2w
(d) z(t) = 27it3 [ejw“t (Quwot+5(2— wﬁ#)) — ei'jw“t(— 2wyt +j(2— a)StQ))]
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7.23

7.24

7.25

(a) E:L/ |X(u))|2dwii/‘ dw=1
2w J _ 2 J

4x22 1 [ 4x2%sec’d 1

b B= L f do=—= [ AEECl gy L

2m 22+w 2m w  2'sec’d 2

L . 2 w o _

¥ sin26 = 2cosfsinh = 2 S o]-g3t
\/22+w2 \/22+u)2

# o] EAlE 55 @ AW W] Aol stz Az 9 H¥o

E= f t)[Pat = f e*4“'dt==%

— ©o

P

o},

(c) x(t):Sa2(t):Sinc2(%) <A 4, AR ehd (Dl &8 1

_ 1 [ 2 _L/w2~2£ _2r
=3 7®|X(w)|dw—27r 7oo7rtm(2)dw—

(d) E= ﬁ/ Sinc‘l(ﬂ)dw:ﬁQ_ﬁzﬁ
T s T 3 3

— o0

74__.@__1 2= 01]*4_

1 0

E= /02(t+2)2dt+fOQ(—t+2)2dt=3((t+2)3

-2

Viw) (jw)+2
Gw)* +7Gw) +12

b) 1) y@t)=2e " —e *u(t)
(

. 1 s 2 g
ii) y(t) (66 +26 3 € Yu (t)

(1) (a), (O

(2) (b), (c), (e)

(3) 3d ArE §l&

4) (b), (©), (@, (e)

(5) (a), (b), (o), (e)

6) (a), (d)

(7) (b), (o), (d

(8) (M(r=0.5), (e)r=1), (D(r=0.5T7)

= JyuAE

7 ARow A7 Weo) oA Aslun the o] Hol g9 A%E
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7.26 a=2

727 =
. 7—3
728 () Hlw)= 1Y o3 20y

(b) h(t)=—50e "ult)

__Jw 1
(¢) Y(w) o150 o3
@ y(t) = 7%675tu(t)+{706750tu(t)
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H2 Breiorzroiol

b= P Hanoit Academy, Inc

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

8.10

3.11

8.12

8.13

® @ @
&)

(a) Re(s)>—
(b) Re(s)>
() Re(s)>0 ( Re (£ jw,) =0)

@ (R (s)>2)ﬂ(Re( )>—1)=(Re(s)>2)
(e) Re(s)>

() (Re(s)> ) (Re(s) >—1)=(Re(s)>0)

(@ (i) z@)=tu@)—t—1)ult—1)—u(t—1)
(i), (i) X(s)= (1 —e *)= e

M) (i) z@)=sint(u®t)—ult—7))=sintut)+sin(t—m)ult—m)

(i), (i) X(s)= ———(1+e ™)
s +1
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8.14

8.15

8.16

) (i) @) =tut)— (t—1Dult—1)—ult—1)+e e " Vut—1)

(i1), (i) X(s)z?(1—6*5)—%5%%%6*(””
@ (i) z() :%m@p%( 5)ult—5)—3ult—5)+ult—10)
(i), (i) X(s)= 2 (1—e 5)+ (e 1 =3¢ %)
5 S S
1 S 925
() X(s) =312
S
(b) X(S):%(675*6738)4-%(675*36735)
S
(c) X(s)= sileim
pa— eT
(@ X(s)= o
3 2
(@) Y(s)= 2(s®+4s*+12s5+16)

st +4s®*+8s2+16s5+32
O+ 4s® +11s* +165° +852—2

b) Y(s)=
(b) Y(s) (s'+25° + 2521 25+ 2)
3 2
() ¥l(s)= 25 T2 +3s+2)
s +25"+25"+2s+2
3 2
d) Y(s)= 43 +2s +§s+2
s(s*+25°+252+25+2)
(@) z(t)=z(t)+alt— D) +z(t—2T)++2lt—nT)+-
X(s)=X(s)+ X(s)e” 4+ X(s)e 2T 4+ X(s)e " 4.
L X(s) = 1_2,@(5)
B (i) X(s)= — (e e P —e 1)
s(1—e™ ™)
1 et

(ii) X(s)= 52(14_6*5)_ s(1—e™ %)
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8.17

8.18

8.19

8.20

8.21

(@ z(t)=(— %e”t + %674"’)U(t)

5, 5.5
(2t 4+4e Yu(t)

(©) z(t)= (16672"' —3t%e T+ 18te” ' — 16e” Dult)
@ z@#)=e (2v5cos(t+1.357m)—1)

() z(t)

0] T 2T 3T 4T ¢ 0 1 2 3 4

2
(a) 2(0)=limsX(s) = limmzl
2
1 e S _
wlee) = limsX(s) = lim ey =0
x(t)Z(—eft—i-Qe*Qt)u(t)
() (0) = limsX(s) = lim jgjfg _1
x(oo)zlimsX(s)zlims(S+4):2

50 o s(s+2)
z(t)= (2—672t)u(t)
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s(s+2)

(©) z(0)=1limsX(s)=lim 5=0
§—> 00 §— 00 S(S+1)
2(e0) = limsx(s) = lim 22 2)
5—0 50 s(s+1)
z(t)=02—2¢ " —te Dult)
2
@ «(0) = limsX(s) = lim 25 T25)__
§—> 00 s> § (S +28+2)

2
) . +2
x(OO):hmsX(s)thzs(j—s)
50 s—0 57 (s° +25+2)

z(t)=1—e ‘cost)ult)

(© i) y(t)= (cosdt+sindt)e *ult) + @—@w%#¥%mmﬂfﬁmw

V2e Heos (4t — T ult) + (2*#673%05(‘”"‘@)“(”

4
Co@ed ew [@adew]
¢ =ta _1%
i) yt)= —(cos4t—%sin4t)ef?’tu(t) + 2ult)
*@eﬂtcosMﬂ-Q)u(t) +  2u(t)
e ed A oew)
9=tan71%
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H3 Sredorzrou

8.23 (a) H(s)= (s+1)2(8+4)
h() = (e ' =2 ult)
y(O)= (=5 ge )
(b) H(s)= 5218;34: (Si(f;(;i)zl)
h(t)= (%e‘t + %6_“)“(”
V(0= (=g = ge Dl
© Hs) = Hifjf’;m

8.24

8.25

8

ht)=(——e "+2e' cos(t+¢))u(t), p=tan !

5
y(£) = (=3+ e '+ VZe Tcos(t—0)ult), o= tan”!
2s+1
(a) H(s)=— o)
ht)=—26(t)+e "ult)
s24+4s+5
(b) H(s)zm
h(t)z5(t)+267tu(t)—672tu(t)
—s?+s5+3
(C) H(S):m
h(t)=—06@)+ (1+3e * ult)
RL 3=
dit) | 5.y
(a) L gt +Ri(t)=0(t)
1 -
(b) h(t)zfe Lou(t)
1
(¢) Hw)= Rt jol
. I(s) . 1
@ H) = = TR

3
4

1
7
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dit) , 1.,  do(t)
(@) R+ Hilt) = =
1
1 1~z
(b) h(t)=—6(t)— i P (t)
Cs _ jwl

(c) Hw)=H(s)|

=T RCs+1|,_,, 1+jwRC
_ 1(s) s . Cs
(@ Hls)= 30y = Pl L ROsT1
o

RLC 32

d%i(t) di(t) 1 .\ do(t)
(@) L=+ Ry +gilt) ==
(b) h(t)= %e“tcos (Bt+ p)ul(t)
(©) Hlw)= — 12

1—w'LC+ juRC
() H(s)= —
LCs"+ RCs+1
Py(t) |, dy(t) _ dx(t)
8.26 (a) i +3 ot +8y(t) = it +5x(t)

dy(t)  ,dy) | dylt) _ d'x(t) |, da(t)
(b) R +4y(t) = g +3= 45z (t)

d2y(t)7 dy(t) . de(t) da (t)
() PR +5y(t)=5 T +2x(t)

3 2 2
(d) digt)+6d§/tgt)+11d@fiit)+6 (t)= d§t§t>—3df1§t)+zx<t>

(a) (b)
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8.27

3.28

3.29

(c)

[A5EA] 8.26]2] A2EHS] SHHEE 3
(a) o4 (b)
(c) &<tA4 (d)
B 1
() Hls)= (s+1)(s+2)
= 1 s=—1, —2
1
(b) H(s) ( DG+2)
= 1s=1, —2
(©) Hls)= ——2——
s +2s+2
= s=—1%j1
B 1
&) Hs)= G +2)
= I s==1, —2
(e) H(s)=—
s +4
= s=4352, 9 s=0
B 1
® H(s)= +1)(s+2)
= s=—1, —2
. s(s+3)
(@ Hs) =G +2)
Zg=—1, —2, 98 5=0, —3
t)=9i1(t)+18/(i1(t)
EER SR

di
18/11 )dt =2

dt

5 (t)

+ 4, (t)

,y(t)=2

(d

Halel, <- Ao EA7F 2%y

o] o
AN

o
A=)
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9.1 ®

9.2 @

9.3 ®

94 &

95 ©

96 ©, &,

9.7 @

9.8 @

99 ©

9.10 @

9.11 (a) N= 107}
(b) fo=f—+1f, =104+100]= 110, 210, 310, --

wy =27 f, = 2207, 4207, 6207, --
(c) N=10
(d) f, =40

9.12 (a) T,=0.01
(b) T,)=T,+01k=0.01+0.1k k=1,2,3, -
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9.13

9.14

9.15

9.16

9.17

(@) x,(t)=cos(107t)
x, (t) = cos (107t + 207t ) = cos (30mt)

(b) (1) = cos (2-1)
x,(t)= COS(%TH— 207t) = COS(S?Tﬂ-t)

2c0s(0.2rn — 7/4)

] =
x (t) = 2cos (207t — 7/4)

z, (t) = 2cos (2207t — 7/4)

x4 (t) = 2cos (— 1807t — n/4) = 2cos (1807t + w/4)
x,(t) = 2cos (—380mt — w/4) = 2cos (3807t + 7/4)

(@ f, =2f, = 2x200 = 400 [samples/sec] = w, =27f, = 8007
(b) fs :2f1 =450 [HZ] = Wy :27Tfs = 9007

(¢) f,=2f; =400[Hz] =¥ w,=2nf, =800x

(d) f, =2f, =20[samples/sec] ¥ w, =27f, =407

(@ fy=05, 6=~

(b) =075, 6=~

(c) fA0=0.5, ¢ = —%

) f,=0.375, ¢= —

NI

(@ f,/=2f, =2(2f,)=2f,

(b) £,/ =2f=2(f,)=f,

(© f,/=2f=2(2f,)=2f,
( )=

)
(d f/=2f/=2(f,+fo)=F,+2f,
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9.18

X(0

| | | | 1
T 1 "
140 160 180

I I I i I 1 I |
-180 -180 -140 120 -100 -BO =60 -40 =20 20 40 60 80 100 120

Xif)
2L
| 1 | 1 | 1 1 [l
I | | T ] I | T T | | T T i | 1 i T *r
-ig0 -160 -140 -120 -10D -B0 -60 =40 =20 20 40 G0 &0 100 120 140 160 180
3L (e}
AMZH S 100Hz
X
a1,
| ] | | 1 | I I I 1
i | 1 1 T [ | T T | | 1 T T | 1 T T
180 180 -140 -120 -100 -B0 60 =40 =20 0 40 G0 &0 100 120 140 160 180
3L (o)
AMZHE 120Hz
X
2
| | 1 ] | 1 | | | i 1 i
I | | T T I | I ) | [ | i T 1 | ] i
-180 160 -140 -120 -100 -B0 -60 40 =20 20 40 G0 &0 100 120 140 160 180

9.19 (a) z,(t) =sin(2nt)
(b) z,(t)=sin(27t)
(c) T, (t)=sin(27t)
(d) z,(t) =sin(2rt)+sin(67t)+ sin(107t)
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H2 Breiorzroiol

Hanbit Academy, Inc

9.20 (a) 671 : f, =5k, f,=15kk, f.=25Kk, f,=30Kk, f,=45kk, f,= 62.5kk
7V 7bs AE oz, (t) =24 cos(107t) + 2 Bcos (30mt)
(b) (1) yt)==2(t)
y, (t)=2(4
(ii) y(t)
y, (t)

+ E)cos (107t) + 2(B+ C)cos (307t) + 2D cos (207t) + 2 Fcos (357t)
,, (t)

z,, (t)=2Acos(107t) + 2Bcos (307t )
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10.1

10.2

10.3

10.4

10.5

10.6

10.7

10.8

10.9

10.10 (a) X,

@b

# A @wle] 0

I
|
o
I
|
<

0.5¢ 722

(1—0.5¢ 79)

S 7k slofo 2y
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Hz Bretorzroial

Hanbit Academy, Inc

() X;=—e ?
ol
X14*%
Xig = %6]%
X, =0, k=0,1, -, 20, k=3, 7, 14, 18

1 iy
X; = —e ?
1 iy
X7: —e 2
1 i3
Xll = Ze 2
X, =0, k=0,1, -, 11, k=1,5,7, 11
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10.11 ®&

10.12 (a) z[n] = 2+ 2c0s(3n)

10.13

4
() z[n]=1[-- 0, 4, 0, j4, 0, —j4, 0, 4, 0, 4, 0, j4, 0, —j4, 0, 4, 0,
() zln]=1[-- 0,0,0,0,8 0,0,0,0, 0,0, 0, 8 0, 0, 0, 0, --- ]

(@ z[nl=1[-- 6,0 2,0 —2,0,2 0, 6,0,2 0, —2,0, 2, 0, 6,

3

1 » 1 N
(a) a, = N %} xl[n]e j2rnk/N _ E Z xl[n]e jrnk/3
<N> n=—2

—j2mn 1 L —jnnk
x[n]e j2rnk/N _ g Z x, [n]e jmnk/4
< N> n=—2

-

(c) X;(02)=3+4cos(2)+2cos(202)

9
8
7
6
5
4
3
2
1
LN VAN
=4 -2 0 2 4 6 8
0=l o=t
(d) 0 ’
02_§v QQZZ
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3 Bres

rZraial

Hanbit Academy, Inc

10.14

10.15

—j2in k
(a) X,/ =e v X,
L
b X,=0-¢ " )X,
(© X, =0-e ™)X, =010-(-1)"x,
d X, =0+e™)x, =0+(=1)")x,
(e) X' = X_
O X, =X 5
Ay
(a) X(2)=e 721 +2c0s())
b)) X(2) = (1+2cos(2))
(c) X(£2) = 2cos(2)
(d) X(2)= (—1+2cos(2))
4 =3 = —;‘gﬁfg‘ggw E 3 4
(a)

2.5

N

-1 0

A= AHEg

1

2

3

ﬁ —_
0
I>
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10.16

10.17

—in 1
(a) X(N)=4e "2 cos(;!))cos(())
(b) X(2) =3+4cos(2)+2cos(202)
() X(2)= e 732 (3+4cos(2)+2cos(202))
(d) X(£2) =—j6sin(£2)+ 12sin(242)+ 18sin (312)]

@ x0)= Y 2 X602~ 1)
k=— o0
o —jgik
B X(2) = Y 7e % (cos=k)(cos—k)s(2— k)
be— oo 8 4 4
© x@)= Y xs(2—kn)
k=— o0
@ x(2)= 3 Ta+e s Tk
k=—c0 2 2
© x(2)= ¥ 2 X, 62~ )
k=— oo
® x(02) = Y 2mx,6(0— Tk)
k=— o0
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10.18

10.19

10.20

1
(a) X(2)= m
_0.5e 1"
() 112 = (1—0.5¢ 79)?
(© V()= X(—2)=—
1—0.5¢€’
15
16
Y(R)= : :
@ ¥(@) (14 (0.5 7)) 1+ (0.5¢77)?)
5
51n 9
(e) AK!?) ,(J?)
Sin 7?

) xX(2)= —jQi ksin (k)

(@) Y(2)= X(-0) = ————
1—0.5¢ 7
) efjﬁ
b Y(2)=e''X(2)= ——
1—0.5¢€’
dX(2) . j0.5el7 0.5¢7?
2)=i"0q T 1=0.567) (1—05¢67)

S S
(1—0.5¢79)?

() ¥(02) = 2 X(2)+e 2 x(0) = £t T 2e0s(0)

(d) Y(2)=x(2)x(2)=

1—0.5¢7 1—-0.5e'7

1 IRV 1
O V@)= 5 XD x W) = S {1 3 1—0.56-7'(””))
(a) z[n ! / X(02)e?*"d0 = sinc (wn)*%sinc (??Tﬂn)
(b) z| ! / X(2)e? a0 = fsmc (%(n+2))— %Sinc (%(n-ﬁ-Q))
(©) zln ]=5[ ]—26[n—3]+45[n+2}+35[n—6]

2 jﬁin 1

(d) =zl Z Yee 2 :?(1—2COS(%R +2cos(7rn))
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10.21 X(2)= =
) l—ae 7 1—ae™’?  (1—ae 7?)
1022 (2) H(Q) = 1-95¢
14+0.8¢ 77
om0
(b) H(2) = 11 0.640 127
V() 2 19 — o128
©) H(2) X(2)  1-0.3¢ 72— (.4e 722
v() 1—2¢ 7% — 3¢ 72
(d) H(2) = X(2) T 13097 _ 40127 _go-i37
2_2ﬁ+j%, k=—3(k=5)
10.23 (a) Y, = 2—\/? 1
— I k=3
2 2
0, 19
1
YU:Z
1 .
Y, Z(I_JQ)
(b) v, = 1
YQ:Z
1 .
1
YOZE
1 .
Ylig(lfj\/?)
Y, =0
) v,=1" 1
Y3 *_E
Y, =0
1 .
1
10.24 (@) HR)= ————+
14+0.5¢

(b) hln]=(—=0.5)"uln]

(© (i) ylnl= ((—=05)"""+ (0.5)" " uln]
(i) yln]=(=0.5)"uln]+ (—0.5)"uln—1]
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10.25

10.26

10.27

@ (i) yln)= %(o.zs))nu[n] n %(— 0.5)" uln] + §<n+ 1)(=0.5)"u[n]

(ii) yln]l = (—=0.5)"u[n] +2(—=0.5)" *u[n— 3]

—io _ —j20
1—2e 77 —e™/

140.5¢ 77

(a) HR) =

(b) hln]=0d[n]—2.56[n—1]+ (= 0.5)"u[n—2]
(c) y[n] +O.5y[n—1] =zn]—2zn—1]—zn—2]

(a) b=10.5
(b) 2=0.237
1
(@) X(w)= atio
0 X, (w)= T, k;m at+j(w—Fkw,)
1
(© X(2)=T———5

_88_



11.1 ®&

11.2 @b

113 ®&, @, @,

114 @
115 @
11.6 @
11.7 @
11.8 ©@&
119 @
11.10 @
N—-1
11.11 (a) X[k] = Y o]y =1, k=0,1, -, N—1
n=20
N—1 ok
(b) X[k] - 6[n_n0]W]<€7n: WNO, k:(); 17 ”"N_l
n=20
ot e
= an: ) =U, L, -y -
(C) X[k] n:Oa N 1_aW]]:,
9 _
5]\7, k=0
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H3 Sredorzrou

3

11.12 (a) X[k]=

SN
=4+
—~
+°3=
—~

— |
NS NN
===

—
—_—— O

+4++ |
A~~~

— o~
NEANEANE
NN AN X o
— VA
NEANEANE

5
X

g

_|$.0
Al

(b) X[k

i

11.13 (a) xy[n]o]l A%< DFT

=g},

?l_

(b) wy[nlel 353kl DFTE

(d) zy[n]¥re]l k=2, 4,69 Wsl X[k]

11.14 (a) Y[k]=101, —3, 2, —4]

3, 6+43, 2, 8— j4]

1, 4, 2, 3]

(b) YIk]

(d) Ylk]

XklX[k] = 1, 9, 4, 16]

() Y[K]
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11.15 (a) X[k] =0,

zlo] = -
11.16 (a) | ]=iNk:<N>X[k]W*’“"
20l = L)+ () + O+ ()= ¢
21l = 1)+ GG+ 0 D+ (= =) ==+
e2] = 10+ ()= 1)+ W+ )Vl = T
2Bl = 1)+ ()= )+ 01+ NG = 3
(b x[n]Z%k:;\bX{k] Wy b
2ol = T+ @)+ 1)+ (D] =1
r[1] = £+ (MG + O 1)+ D) =0
rf2] = T+ (D D+ @)+ )= 1)] =0
23] = T1)+ 1))+ DD+ =0
© aln)=5 3 Xyt
20l = 21+ (= D+ 1)+ (- D] =0
21l = 1)+ (= DG+ 1D+ D= )] =0
22l = T+ (= 1)1+ @)+ (1) Dl =1
23] = T1)+( D= )+ DD+ DG =0
(@) ”C[”]:%k:@v Xk
2[0] = $1(2)+(0)+ (~2)+ ()] = 0
21 = £+ (0)() + (=2 D+ =1
r2] = 12)+ 0)(= D+ (= 2)(1)+ (0)(~ 1)) =0
23] = 11@)+0)(= )+ (=2 D+ O] =1




11.17 (a) X[k]=13, —1, 3, —1, 3, —1, 3, —1]
(b) yln]=2z[n—2]=6n—2]+26[n—6]

11.18 (a) Y[k]=1I6, 0, —2, 0, 6, 0, —2, 0]
() Ykl =[z[k], z[k]]=1[3, —1, 3, —1, 3, —1, 3, —1]

11.19 (a) 256[Hz]
(b) frax = 256 [Hz]

256
Af=22_1q
(c) Af 556 1Hz

(d f,=128[Hz]

11.20 (a) 20[Kk]
fs  20x10°

(b) N= AFT 01 =2x%10
(c) N=2"=1262,144
(d) 1, = Nx =281 7= 13.1072
fs 2> 10
_fs 200
11.21 (@) Af= N 500" 1[Hz]

(b) 400, 20070
(¢) 512, 3127

(01| (Bl A 20071¢ & A$-717F o]FA A= A4S

11.22 (a) X[k]=1[4, —1+j,2, —1—]
(b), (©) yln]= [5, 4, 5, 2]

11278 &7
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n k 0 1 -
x[k] 2 1 y[n]
0 1 2
1 1 1 3
hln— k]
2 2 1 5
3 - 2 2
(D) z,[n]=1[2, 1, 0, 0], h,[n] =L, 1, 2, 0]
k X, [k] H,[k] Y(k]
0 3 4 12
1 2+] -1+ -3+]
2 1 2 2
3 2-j -1-j -3-j
yln] =12, 3, 5, 2]
(b) () z[n] =11, —1, 1], hln] =11, 2, 3, 3]
n k 0 1 2 -
x[k] 1 -1 1 yln]
0 1 - - 1
1 2 1 - 1
2 3 2 1 2
hin=kl 3 3 3 2 2
4 - 3 3 0
5 - - 3 3
(11) x[n] = [ia - 17 17 Oa 07 O]; h[n] = [i’ 2’ 3’ 37 07 O]
k X, k] H, [k] Y{k]
0 1 9 9
1 0 —2.5+j2.5v3 0
2 1—jv3 1.5—3j0.5v/3 -j2/3
3 3 -1 -3
4 1+7v3 1.5+ 50.5v/3 23
5 0 —2.5—j2.54/3 0

ylnl =11, 1, 2, 2, 0, 3]
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H3 Srgiorzraial
11.24 (i) (a)
n k 0 1 2 -
z k] 1 2 1 y[n]
0 2 - - 2
1 1 2 - 5
hin—k] 2 2 1 2 6
3 - 2 1 5
4 - - 2 2
(b) z,[n]=11, 2, 1, 0, 0], h,In]=12, 1, 2, 0, 0]
Ykl = X, k] H, K]
k X, [k] H,[k] VK]
0 4 5 20
1 0.81+j2.49 0.69+j2.13 -4.74+i3.44
2 -0.31+j0.23 1.81-j1.31 -0.26+j0.82
3 -0.31-j0.23 1.81+j1.31 -0.26-j0.82
4 0.81-j2.49 0.69-j2.13 -4.74-j3.44
yln] =12, 5, 6, 5, 2]
(c) A=F
(ii) (a) ylo]l=z[o]nl0]) +z[1]n[2]+ z[2]Rn[1] =7
yl1]=z[0ln[1]+ z[1]r[0]+ z[2]R[2] =7
y[2] = z[0]n[2]+ z[1]R[1]+ 2 [2]h][0] =6
(b)
k XT[k] H[k] Vik]
0 4 5 20
1,3 1 V3 1, V3
! Iy 2 772 I3
9 13 1. .3 1_.V3
2 /9 PR 2 72
ylnl =17, 7, 6]
(c) A=F
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11.25 (a) X[k]=1[8, —2,0, —2]

x[l]—20><>§G[l]—4 - Y10
x[2]=30 > H[0]=-2 Al]=-2
x[3]=2o/\g1AoH[l_];0 2o [3]=-2
) xle = [0 A5VE 4 2D g A2
0]=0
=22
2l=1-j
=1+
=(2-3+ j(2-1)/42
=(22+3+ j(2+1) /42

=(2V2+3- j(N2+1)/2
(V2 -3-j(N2-1)/2

0] =1g {2) e o0 X[0]=9

o—»oX[4]=1
o—»—0 X[2]=-1

o—»—0 X[6]=—1

o—»—0 X[1] = —j(2/2 +3)
Bo——0 X[5]= /(242 -3)
o——0 X[3]=- /(22 -3)
o—»—0 X[7]= j(2+/2 +3)
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H2 Breiorzroiol

Hanbit Academy, Inc.

12.1

12.2

12.3

12.4

12.5

12.6

12.7

12.8

12.9

12.10

12.11

12.12

&

&

&

@b

&

&

&

&

&

&)

() X(z) = 224+2+2"2, 58 99 : 2,20, |2l =08 » FA
) X(z)= 14z "+2 2+ %+ 8 99 1 2202 > I
() X(z) =—22+2z—2z""+27% 8 99 1 220, |2l =02 » FA
@ X(z)=1—z2z14+272—2 34274 9 99 : ;=02 2 FA
(@) X() = T #9925 05

(b) X(z) = m S8 : |z]> 025

© ()= 2B sgqe |zl 05

(d) X(Z):(l_(zg)'—;;;_lya FE9Y9 : |z]>05
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12.13

12.14

12.15

12.16

12.17

1
(240.5)%’

. 2y _ 2/2 _ 2z .
(0 1) = X5) (/2405  (z+1)* S

(@) Y(z)=2'X(k) = |zl > 0.5

z

() Y(z)= — 2l > 0.5y[n] = (= 1)"z[n]

(—0.5)%
22 1 2241
V(z) = + = , 0.5
@ Y(z) (2+05)  (24+0.5) (24+0.5)? 121>
X(2) = alz _ az

3

: 1

(@) X,(z)=27 e =
! 22 —3224+52—9 22 —3224+52—9

6
z

b) X,(z) = 3 > — (Zz[0]+ 22z 1] + zz[2])
2" —32"+52—9
(©) zlol=1, z[3]=6
. [3]=1, z,[0]=6

(d) A=

(@) ylnl=z[—n]=(0.5)""ul—n]
(b) yln]=(—1)"z[n]

n

(©) yln]l=wuln] x z[n] =uln] * (0.5)"uln] = k70(0.5)"

n

(d) yln] = (0.5)"uln] % (0.5)uln] = 33050 0.5 = 3 (0.5)" = (n+ 1)(0.5)"

k=0 k=0

z
2"(z—1)

~1 0252 _ 025
2—05 z2—05

(a) x[n] Zu[n*m] =4

) zn]=0.5)""t un—1] & =

(c) X(z>:ZXl(Z”)=Z(—2+4zln(z*1+2))=—2z+4z2ln(22+1)

0.252 ! (1- 271)
1—0.52 '+ 0.252 2

(d) ((0-5)"cos(%n))u[nf1] &
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z

12.18 (2 #[0] = lim X() = lim—————— =0
Z—> 00 20 27— 0.32—0.1
T _ _ _ z _
zloo] = lim(e = 1)X(2) = lim(= — ) -—g55r7755y =0
(b) 2[0] = limX(z) = lim ZE2—05) _
z—> 00 z—o0 I *Z"‘l
A5 e
2
(© z[0] = limX(z) = lim5——— =1
27— -0 2"+ 1.52—1
A% e
@ «l0] = limX(:) = lim 2202 _y
z—> co 2o 2°—0.52+0.25
2loo] = lim(z— 1)X(2) = lim(z — 1)—2E=025)_ _
21 21 z°—0.52+0.25

12.19 (@) z[n] = wln] = (0.5)"uln] = (1—(0.5)")uln]
() z[n] = 2uln] — 1.5(0.5)"uln] = (2—1.5(0.5)")uln]
(c) z[n] = 2.5uln] — 7+ (2)"uln] + 4.5 « (3)"u[n]

(d) z[n] = uln] + %nQ < 2"uln] — %n - 2"uln] — 3 - 2"uln]
12.20 (a) yln] =[1, 3, 6, 6, 3, 1, 0, 1]

() ylnl =11, 1.5, 4.75, 2.25, 1]

(©) ylnl=[1, =1, 0, 0, 0, 0, —1, 1]

Y(z)  1-052""  2—0.5

X(z) 1—02925,"! 2—025

O e P e R o

12.21 (a) H(z)=

= (0.25)"u[n] —0.5(0.25)" " Yu[n—1] = §[n] — (0.25) u[n— 1]
y[n] — 0.25y[n— 1] =z[n]—0.52[n—1]
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ey ey

(b) H(z)= - 3 = 31
(1+=z )(1—52 ) (z+1)(z—§)

-1 ~1) 2z 1 2z
3

2 (= 1) uln] + Z(é)nu[n]

ylnl+ 2yln—1]= gyla—2] = delnl + galn—1]

(©) H)= Y 0542250 )1 -2 _ (0.52+2.25)(z— 1)

X)) (1-052z HA+0752 1)  (:—0.5)(z+0.75)
hin) =66[n])— (2(0.5)" +3.5(—=0.75)" Ju[n]
yln]—0.25y[n—1]—0.375y[n— 2] = 0.5z [n] + 1.75z[n— 1] — 2.252 [n— 2]

12.22 (a) y,In]= (12(%)n + 36(l)n - 48(l)n)u[n]

(b) yyln] =y, [n—2]= (12 %)nz + 36(%)n2 - 48(l)n2)u[n— 2]

(©) y;[n] =16y,[n] = 16(12(%)71 + 36(%)’2 - 48(%

)u o]

(d y,ln]= %yQ [n] = %6(12(%)712 +36(%)n72 48(%)n2>u[n2]
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H2 Breiorzroiol

Hanbit Academy, Inc

Y(z) —142:0 =42
(b) H(z) X)L .3 > 1 3
1 8 R
hin] = *2(* %)nu[n] + (% n“[n]

) Y(z)  05+04z '+02z% 0.5z + 0.4z + 0.2

(c) H(z = = =
X(z) 1—0.72 ' —0.3272 22— 0.72— 0.3
__ 2 11 25
hin]= 35[ n]+ 13u[ n]+ 78( 0.3)"u[n]
Az"lo] =+ =1, —0.3
A 2~Elo] oA ;=—0.447/0.24=—0.4+j0.49
AaEo] z=19 F& A ER A 2B oA FA] FEa
Y(z2) 1+ 21 24z
(@ H(z) = = =
X(z) 142 42,2 22492242
= (V2)" (cos—n)u[n]
Az']o]l 5 z=—1441 & 9H z2=0, —1
4 yro] S5 T ER kA sHA] Hah)

12.24 @)mgmﬂzmgau%wumn+[—émzm%mﬂ+§wm
R g2 ) St
(i) ylnl [—{gm2ww4m]+[§umﬂ
e AL

) @) yln] [—(éyumy+§(ifumﬂ+[2(—yumy+§-§yumy+§umﬂ
) o A e S 5
) yinl = |~ 2wl (2wl |+ | Suta
R A5
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@>a>yM]=[a5m5wumy-4wo4wﬂm]+[—5m5wumy+§ _
%

(i) yln] = LMO@%Mﬂf%gm4VuMﬂ+ %}mm]
6o AL
@ @) yln] = [O 5(0.5)"u[n] — uln] ]+ [ —(0.5)"u[n] + (n+3)uln] ]

g el

() yln] = [ —0.5(0.5)"u[n] + 2uln] ]-i— [nuln]]

1o BALE

12.25 (a) <HA 3L}
m>ympzcgm5w+§«—own)+ ((0.5)" —0.2(—0.2)")

AAEeH] + [FuEew]

(c) A=F

12.26 (a) yln] — ayln—1] = azn—1]

o) ) = 2 - o

) lal<1
(@) hinl=2"YHZ)}=d"uln—1]
(e) ylnl =wuln]—1(0.5)"uln]

2 _ _
12.27 (a) H(z) = H,(z)+ Hy(z) = chﬁ zib o Jrz(g)z—aa))z “

_ _ z 1 22(1—1))2_@
b) Hz) = #, )+ Hy (=) = =+ ——5 = = 5T

1 z

12.28 (a) X(z)= 02 —1 —02
1—e "z z—e
1 z
(b) X(z)= 1_670‘2271: 02
(c) A=F
(d) aT=0.2
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