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2.1

s x[n]

2.2 (a)

Hlnl=xt-n+2]

(b)

(c)

Y= xn—2kin-2]
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(b)
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(c)
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(d)
x[n-2]

- N W P~ OO

-100 1 2 3 456 7 9 n

(@) z[n] = 68[n] + 26[n—1] + 36[n— 2]
(b) z[n] = —6ln+5]+68ln+4] + 6ln+3] + 25[n+2] + 25[n+1]

1+
+ 28[n] + 26[n—1] + 26[n—2] + 6[n—3] + 6[n—4] — 5[n—75]

zln]l= —68n+4] — 26[n+3] + 26[n+2] + 26[n+1]
+ 26[n] + 26[n—1] + 26[n—2] + 26[n— 3] + 5[n— 4]

(a) 7] N= ——

(b) 7] N=20¢ F7] A%
(c) 7] Az 7}F o

(d) 7] N=15¢ F7|A =&
(e) F7] N=108 F7] A&
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== 1—/\
(a) 7] AFolx F7]% MZ{%Z’ N s

(b) F7] Asola F7E N,=MN
(c) 7] A3 7} o}y

(d) 7] A&olal F7]&= Ny=N

(a) YA A=, F

(b) A9 A A5, F=2.
() A9 A=z, P=0.5
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(@) A& Al=E, Alad AJ=H]L Q1o AJAE]L QbR A H

(b) ¥ Al=E, A=W A|AF
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(c) BIAE A =8, Al A2 Qlap AJ2~H]

(@ WAG A, AR A 2w, Qs 42,

(e) A& Al=", A Al 28 Q13p A]2H kA

() A48 A28, A& Al2" vl Al 2~H]
2.10 (a) A% A|=g, AJEWH A 2E Q13 A 2~F

(b) 4% A28, AR A28, Qs A sE

(0) A& A =g, A A 2=E Q13 A]2~H

@ A A28, AW A28, vels A

(@) yyln]=x,[n—1]—4z,[n—>5]

(b) y,[n]=2zy[n—1]—4z,[n—5]
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2.16 (@) yln]l—4yln—1]=2z[nl+3z[n—1]
(b) yln] — 4yln—1] — 3yln—2] = 2z[n]+3zn—1] + 4[n—2]
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3.1 (@) hln] = (—2)"uln]
1, n=>0
) h[n] :{l(_ )n >

(© hlnl=(F=1)"—(—2)"
(d hin]l=0Q+n)2"

3.2 (a h[n]=[1, —2, 3]
(b) hln]l=11, 2, 2, 3]

(c) hln]=10-5, 0.5]

33 (a) y[n] - [iv 07 17 _17 Oa _1]
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3.5
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3.7

(a) y[n]:[ila 07 727 ]-7 07 4a 4a 747 ) 47 Oa Oa 4]
M) ylnl=10, 0, 1, 3, 3.5, 3, 2, 0.8, —1.1, —1.6, —1.1, —0.1, 0.1]

(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]

N ) 1 (%)71&»1 .
(b) ylnl]= Z(E)nfk— 1 22*(5)”, n=0
k=0 1— =
2
(n+1)b", a=1b
n a 1
—pn gki 1 (7)n+ n+1 n+1 >
(e) yln] bk:l)(b) o b b ey NEO
1- < b=
b

(a) yl[n]:[ia 15 25 27 27 747 1a 75}
) yyln]l=1[5 —1, 4, —2, =2, —2, —1, —1]

(C) y[n]:[lvv 13 23 23 27 17 07 _17 _2, _2, _2, _1, —1]
(d) zln] =2, [n]+2y[n—5lel22 3 A2 A gau 2

ylnl =y, In] +y,[n— 5]
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3.8 hlnl=(h,[n] + hylnl) % hyln] + hyln] = uln— 4]+ a"uln]

3.9 (@ A=H1:
O8] — 057 1) = 81(0.5)" — (0.5)* Tulnl

(b) o] A= Al2E) 13k A 2 i A "
agel ol oz AdtEE H2e Pk AA Azwe] HYe
5) T un—1]

3.10 (@ A FH 19 292 =92 n=7°4 y[n]=8% HAd7} €t}

yl[n] = {_iu _23 1747 _1303 1787 1767 _1747 17 _27 _1}
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3.11 (a) h[n]ié[n—?,], ?_131]— /\]-/—\—P%}, ({l‘—;(a]é‘l_ }‘]./_\.Eé],
() hlnl=uln—3], A=} A28, G5 A|~H
(©) hln] = (n—2)uln—3], A3 A|=8, B4 g A28
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3.12 (a) 913 A=l BolA3d A|AH
(b) WQ13 A28, GHA g A2
(© 97 A28, Qe A2
(d) vl A~ otA 3l A AH
(e) H)QlZ A 2~El oFA3l A]~HE
() Qb A2, AT A2
(l 2 n=even
8 )
3.13 z[n]= 1 L
_ol2] 2 n= odd
o(5)
1 n+ 2 1 n+2
314 all= 2= 2L 3T s

3.15 yn]—7yln—1]4+10y[n—2] = 142[n] — 85z [n— 1]+ 111z [n— 2]

3.16 yln]l—0.25y[n—2] =2z[n]

3.17 (a) BrE EHO]Hq 01.9.' [ ]: i (_0 5)k+1: 1_(_0~5)7l+27_l( 05)n+z
. . H B o - yn L . 1_(_05) 6 3
287 A ol ylol = — £(-05)" + 3
(b) W5 gy o4 : y[n] =0.5(0.5)"
aAA sy o€ yln] =0.5(-0.5)"
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yln] ——?(—2> +§( )"+ B (0.5)
(b) z[n]=0
yln]=(=2n—-3)(-1)"
z[n] =6[n

olnl =~ n-FJevr+ 5

z[n] = (0.5)"uln]

yln] = —gn—199)( 1)"+%(0 5)"
(©) z[n]=0

ylnl =

a[n] = é[n]

y[n] = (0.5—50.5)(1+51)" + (0.5 +j0.5)(1—51)" = (v/2)" " 'cos %(n— 1))

z[n] = uln]

ylnl=—j1+1)"+j01—j1)"+1= 2(\/5)%05(1(71— 1))+1

4
z[n] = (0.5)"uln]
yln] = (%—j% (14 1) + (%H%)(l—jl)“r—(o 5)"
(d) z[n]=0
yln] = (=2+;1)(2)" + (=2 —j1)(—52)"
z[n] = 6[n]

ylnl=(=15+;1)G2)" +(—1.5—41)(=42)", n=0
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2 1 2 1 1
yinl = (= 22+ 22 Gay o [+ 2 A oy + L osy
3.20 (@) ylnl—yln—1]—2yn—2]=2z[n]

@ ylol = gl bl = |50 + 5@+ g0+ 300 5| = S ey -
G) ylal = ol +y,ln] = |21+ a2y | + |- 1

() yln]—yln—1]—2yn—2]=2[n—2]
@) yin) =yl +y ) = |31+ S@r]+ | g+ @ -4 ] = S ser -4
.. 1 1
) yla) = ol +y,ln) = |21+ 30| + |- 1

(© ylnl—yln—1]—2yln—2] = z[n] —2z[n—1]
@) ol = gl +ylnl = |50+ S|+ |50+ 2er| = 2o+ Do)
11 2 n 10 n
(i) ylnl =y, lnl+y,ln] = [g(—l) +5-(2) ] + [0]

@ ylnl—yln—1]—2yln—2]=zn]+zn—1]
(@) yln] =y, In]+y,[n] = [%(71)" + %(2)"] + 20 —1] = é(ﬂ)” + 1?4(2)" -1
G yla) = g, ln] +,ln] = |21+ L] + -]

3 1

(e) y[n]—zy[n—l]—ng[n—Q]:x[n]
@ ylol = w4y lnl = |27 = 2G|+ |2+ 3G+ 3] = -2+ S
o i[5y 5 1), (8
W ylnl = { IAETAE AV ]%3]
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Lo 16)_ 21
4 3] 4

1, 37
)t 4 3

1, 16
2 24(*) *

(

3.21 z[nl=—az[ln—1]—ayzln—2]+6n]

n x[O]——alx[—l]—aom[—Q]-i-(S[O]:O+O+1:1
n=1 : z[1]=—az[0] —ayz[-1]+6[1]=—a, +0+0=1
n= x[2]=*a1x[1]*a0x[0]+5[2}Z*a17a0+022
=3 z[3] =—a,z[2] aom[1]+5[3]:*2a1*a0+013
n=4 : x[4]=—az[3]—ayx[2]+6[4] =—3a; —2a,+0=5
n=5 : x[5] =—ax[4]—ayx[3]+6[5] =— 5a; —3a,+0=38
n=6 : z[6] =—a,z[5]—ayz[4] +5[6] =— 8a; — 5a, +0=13

. Jag=—1

’ {alz—l

w24 Fibonacci 82 9 A& WA o= FHFCL}
T
X
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41 (a) N= 107

(b) f, =110, 210, 310, -- (w, =27 f, = 2207, 4207, 620w, ---)
(¢) N=107
(d) £, =40

42 @ T.=- =001

’ § 100

(b) O 0] O]'X] ol-o

T =T,+01k=0.01+0.1k, k=1,2,3, -

4.3 x,(t)=cos(10mt)
x, (t) = cos (107t + 207t) = cos (30mt)

Jfor =10

Joo = for +fs =110
44 Jos = (f01 f8)=—90

Joa = (f01 2fs):_190

olo It AH ATELS

xy (t) = 2cos (27 fy t — w/4) = 2cos (207t — 7w/4)

xy (t) = 2cos (27 (fo; + f,)t — w/4) = 2cos (220mt — 7/4)

xs(t) = 2cos (27 (fg; — fs)t — 7/4) = 2cos (— 1807t — 7/4) = 2cos (1807t + 7/4)

zy (t) = 2cos (27 (fo; —2f,)t — 7/4) = 2cos (— 3807t — w/4) = 2cos (3807wt + m/4)
45 (a) f,=2fy = 2><% 420 [samples/sec] HE& w, =2mf, = 800

(b) f, =2f, =450[Hz] H= w, =2rf, = 9007
() f,=2f, =400[Hz] Ex
(d) f, =2f, =20[samples/sec] H+= w,=2nf, =407
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46 () *% AFY, f,=05 o= -
(b) ¥ BEL, f,=075, ¢=—7
() el A2=E AFY Fol Y, f, =05 6=

47 @ f/=2f,

(b) £, =,
(© f,)=2f,
(d) fs/:fs+2f0

4.8 (a) f, =6[kHz]
(b) f, =8.8[kHz]

4.9 2#EZ] F3o] dojuh & 120 T 140[Hz]e) MEJES 2ES
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1
-0 -160 -140 -120 -100 -BO -60 -40 =20 20 40 G0 a0 00 120 140 160 18

410 (a) z[n] = 7"6ﬂ72ﬂ%71+ %) = rej(ﬁ_gwr %)
(b) BR7] 29 3 FX=2[rev/sec], ZR7] 3| W& wkAlA Wk
© 2= —2ri+ s, I=A% (fy=131- 43, =A%) EE
n= -2 1—213—2”, I=A% (f, =131+ 23;13—13l+%, =A%)

4.11 (@ T35 AwE=671 : f, =5k, fp=15kk, f.=25kk, f, =30k,
fp =45k, f,=62.5kk
M4 7bs AE o, (t) =24 cos(107t) + 2Bcos (30mt)
(b) (i) AAE FE7t 9l& B9, F H(f)=1, Vf
y(t) =z (t)

y, (t) =2Acos (107t) + 2Bcos (307t ) + 2 Ccos (— 2715t )

+2Dcos (— 2710t) + 2FEcos (275t) + 2Fcos (— 2717.5¢)
=2(A4+ E)cos (107t) + 2(B+ C)cos (30nt) + 2D cos (20xt) + 2 Fcos (357t)

(ii) 278 f/2=20[E]S1 o] 42l HEE A& 45
y(t) =z, )

y, (t)=z,, () =2A4cos(107t)+ 2Bcos (307t)

i)

412 (a) x,(t)=sin(2nt)+sin(67t)+sin(—6xt)+ sin(—2xt)+sin(27t)
=sin(27t)+sin(67t)— sin(67t) — sin(27¢) +sin(27¢) = sin (27 ¢t)

(b) z,(t)=sin(2nt)+sin(6mt)+sin(107t)+ sin(147t)+ sin(— 14nt)

sin(27¢)+sin(67¢)+ sin(107t) +sin(147¢) — sin (147 t)
sin(27¢)+sin(67¢)+ sin (107t)
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>
—(mg+op)  —oy iy g
~3wg 20 —ig g 2mg 3ws
< /\ /\l/\ /\l/\ /\V\ /\]/\ /\[ >
(W) —y iy (e
—{otop) =y | 0y Wy
Ie) [e)
(a)e] 4%

Y

={mptg) =0y | [ W+

v

(g ting)  —dg | oy GIRn
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4.14

4.15

4.16

3

—{ogtp)  —wy | oy Wyt

(b)oﬂ}‘:i (.Us:15(.l)/]c1)_]_ 75)]—?—'

HES B+1=14

(a) ¥AF3} Pl = N=2° =38

Aot FeHli= SVR=16.81 + 6.02 B+ 10logP, — 20logR = 6.81[dB]
(b) SNRe] 28} 7}7po] apAkwl T,

SNR=16.81 + 6.02 B+ 10logP, — 20logR = 12.83 [dB]

(a) o]7 Hxol H& AFEL f,xB=12x6=72 [Mbit/sec]
(b) o]% Hxe] Ha AEES f, X B =12x8=96 [Mbit/sec]

L 4
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z(t) = ay+ Eakcoskwot = chcoskwot
k=1 k=0

2 (7. 2
co=a0=?/‘251n2tdt=?
0

4

2 I3, .
cp, = a, = 7/{)2 (sin2t)(cosd kt)dt = m

A% G5 G Feo G4

z(t)= E Xkeﬂkt

-e
2 2j 2j f= oo
1 1 1 75 1 1 —iy 1
X_2:5, X_1:—2—j:562’ X1:2_]_5 2, X2—
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(d

WS 94 Fel 7

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

=1, 6,=0 & =1, 0;,=0

A% g B Fel e

1 _; 1 _; 1 . 1 o )
— - 73t = j2t ~ g2t = 3t jkt
z(t) 5 € +26 +2e +2e k;kae
1 1 1 1
)(73:57 Xizzg, X2:§’ X3:5
5.2 (a) A2t=}
N Jhw TXO 2XU i kw,t
z(t) = X, et = _ J kwy
k:E—Joo ' 2 v ioaa (kr)?
X =N e ux
= ) N L . — — T
0 2 k (k’]T)Q k
(b) dE~4
. Xy ir
z(t) = E Xke“' ot _ Z 220 ikt
k=— o k=— oo T
Xy
|Xk| = 7 & 4X,=0
() W&t
& Ew 2X) e
Jf(t) = Z Xk@jk of — E 7'] 0 6Jk ot
k=—co k= odd km
2X,
|Xk|: k:7TU & X, = —%
(d) F4=
- ik o Xy it
ct)= 3 xtt = 3 ik
k=— o k#0,k=— o0, km
X,
|XI<:| = l{,'_T(() & LXk = %
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\Xk\‘\ \X,,M
X,
2| R X,
T T
2k,
| |9”Z |25”2. .
-3 -100 123456789 k -32-10123456789 &
/X,
/X,
‘ 0123456789 k _
-3 -1 . —3—2—10‘1234567897(
T2
-
(a) (b)
XA, LA
= Ao
T
2X, X,
3z 2X, 3z X
| |57[ | [ | | |7TI [
-3 —10‘123456789k -3 —10‘123456789k
X, ZX,
2 L4
| 021234567809 & IR I I |=
—3—1ﬂ| | | | |' | |0123456789k
- T
2 2
(c) (d)
5.3 (a) z(t)= Z X, e Ikt
k=— oo
1
X, ==
0 v
1 _
.]47 k_l
= 1 = x
Xy CENE k= even & Xk =X
1—-K)r
0, k=odd, k=1

yt)= >3 Gt =), 2

[ P (1—4K)7

€j47rkt
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54 (a) z(t)=3+2cos(2t— %)—&- cos (3t — %)—ﬁ- %cos(w— 2%

(b) XO:CU’ |Xk|zck7/2, LXk::(bk

Ac, Alx,|
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5.11 (a) X(w)Z/ e YT gt = —
0

(a

r ; e
b)) X(w) = / eUe IV gt =
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© Y(0) =7 550% = ~ oy
1

(@ v(2)=Xx(2)x(2) = 1 0507)

el 419 _ 2¢cos (2)
1—0.5¢"7 1—0.5¢"7

(e) Y(2)=eX(2)+e ' X(02) =

_ 1 _1 1 11
() Y(Q)i 27 X(Q) X W(Q) B 2(1_0_56j(9+7r) 2 1_0_5ej(97r))
3 jzin *j2in 3 2
6.11 (@) =zln :4(6 34 B —2)2—(1—cos —Wn)
"= R G 2t G
(b) wAe ¥ F95F gho] ARHAS
(roll ok A W= 2o A 2E= 4 5 §l)
1 . n
zln]= WCOS(%H)— ﬁsm(%n)— (—1)
1 1 ( 72—7rn 772—7Tn jin 7]-71) 1 2 1
(©) z[n] = =——\e 3 543 —e Z—Sin(ln)+—sin(1n)
2w jn m™n 3 m™n 3
(@ =z[n]= %(QCOS(Q—WR)—COS(EH)— (— 1)")
>n 3 3
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6.12 (a) z|

1 / T jQ"dQ—F—f
(b) [ 1 / 2 (

(c) z[n]=46[n]—

e??"d0 = sinc(rn) — %smc(% )

) 10en 40 = 71T (1* 2005(%71)4- 2¢0s (wn))
26[n— 3]+ 46[n+ 2]+ 36[n— 6]

T 27
_ 1 3 20,0 3 i202,50m _2 (27r )_l i T )
(@) zn]= 27T/ 20 e/ d0+ — 27r an 3smc 3 (n+2) 5 sinc 3(n+2)
3 3
1 ae Y ae 7
6.13 (@ X()=-————5 "~ (1—ae 1772
dX( ) —jaef'm ae ¢
(b) X(02)= 10 : ;

© X(2)=ae 17X (0)= —¢ "

6.14 (2) z,0n] = (2, [n]+ 2, [—n)) o.5+cos<%”n>
(b) a,[n]

(= 1)" (@, [n] =z, [=n])

6.15 (a) X(0)=X(2)|,_,=

n;_]mx[n]:m
) X(r) = X(@) o, = 3 (1) aln] =0
©) %flx(mm: %f;X(Q)eJQ”dQ =l
@ 5[ 1x IQdQ—n:ZOOIa:
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—j20

1—2¢ 72 =3¢ 77"

o1 - 3 - 5
o= ;(/Egg - 1+06.6i:“9
R
(d) H(Q) = ?gg; _

6.17 (a) YV, = Hk2,) X, =

(b)

(c)

1
YU_Z
Y, = 1(1— i2)
1_4 J
1
YQ:Z
1 .
Y3zz(1+J2)

1—3e 7% —4e 727 — e 739

9 +j§7
2-V2 1y
2 2
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1

6.18 (a) HQ)= ———74
14+ 0.5¢

() hln]=(—=0.5)"uln]

() (1) z[n]=(0.5)"uln]

1
XN)=——
1—0.5¢ 77
1 0.5 0.5
V()= X(R)H(2)= , — = 4 -
(1+0.5¢ 7)Y (1-0.5¢7?)  14+05e 77 1-0.5¢ 77

=0.5(—0.5)"u[n] +0.5(0.5)"u[n] = ((—0.5)" "'+ (0.5)" " Huln]

(ii) z[n]=46[n]—0.56[n—1]

X(2)=1-05e"7°
1—0.5¢ 7 1 ~0.5e

V()= XN)H(N) = — = . ,
1+0.5¢ 77 140.5¢ 77  14+0.5¢ 7

yln]=(=0.5)"uln] —0.5(=0.5)" 'uln—1] = (— 0.5)"u[n] + (= 0.5)"u[n—1]

1
(1-0.25¢ 72)(14+0.5¢ 7?)
1/9 2/9 2/3
/ —'Q+ /—'Q+ /—'(22
1—0.25¢ /! 14+0.5¢ 7 (1+0.5e7%)

yln] = %(0.25)”14[71] + %(— 0.5)"uln] + %(m 1)(=0.5)"u[n]

(d (i) X(2)=

Y(2)= X(2)H(2)=

(ii) X(2)=1+2¢ 732

14 2¢ /3¢ 1

2¢ 939
V()= X2)H(Q) = — = — + .
1405 77 140.5¢ 77 1405e 7°

yln]l = (—=0.5)"uln] +2(=0.5)" 3uln—3]

—j20

o0 _
6.19 (a) H(2)= ?Egg o 1210.56*?”

(b) hin]=46[n]—2.56[n—1]+ (—0.5)"u[n—2]
@)thﬂ%yh—1%2ﬂﬂ—2ﬂn—ﬂ—mm—2]
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6.20 (a) H(Q)Z—Eggzo%(l—&-e 10 gm0 4 o7 302
(b) hln]=0.250[n]+6[n—1]+68n—2]+8[n—3])
() (i) z[n ]—COS(%+ 3)
y[n]:0.25[005(%71-‘:—%)—O—COS(%(nfl)+§)+cos(%(n*2)+%)+c05(%(n*3)+f)]
=0.25[cos(%n+ 3)+cos(% +1—7;)+cos(%n*%)+cos(%n*i—g)]

(i1) z[n] = sin(%+ %)

(n=1)+ ) +sin("(n—2)+ )+sm(1(n—3)+g)]

- (T
yln]=0.25 Sln(4n,+ 3)+sm(4 3 1 3 1
- in (Tt Tyt s U LIS
=0.25 51n(4n+ 3)+s1n(4n+ 12)-ﬂ-sm(4n 6)+51n(4n 12)]
nmT T . ,nmT 0w
(iii) z[n] = cos( 1 + 3)+51n( 1 + 3)
yln] =025 [ cos (+ =) +sin (1 + )+cos((n71)7r+1)+sin((”71)”+£)
' | 4( 3) ! 3( ) : 3( ) : 3( )
n*27r7r n—2)w w n—3)r w n—3)r w
+ cos ( 1 §)+sm( 1 +§)+cos( 1 +§)+sm( 1 +§)
nTm Vs . nm . nim s
=0.25 COS(T+§)+51H(T+ 3)+COS(T+E)+SIH(T+E)
nmw nmw nm 5w . ,nm 5T
+COS( 4 6)+SIH(T_E)+COS(T_E)+SIH(T_E)
6.21 (a) H(Q) = H (02— r)
() hln] = (=1)"h[n]
(c) 1953 I
1
@ #(2)= ——;
1 1
H(Q)=H,(Q=m)= 1—ae 12T 14 e 92
1 A H\(Q)] | A[HQ)|
Mw MM
| | \(l+a) | | | - | | \(1+a) | | | -
37z -2z -7 0 7 27 3 Q 3z 2t - 0| T 27 3 Q
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o5

—a

6.22 (a) b

—0.5+¢ 97
1—0.5¢ 7

(b) H(2)

e i e Tl e

TS TAT T T T T T T T T T T

o

(gp) epnyubepy

05F---
1

06 07 0.8 0.9

0.5

0.4

0.3
Normalized Frequency (xmrad/sample)

0.2

0.1

e i e Tl e

(so@a1bap) aseyd

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.1

{=0.50.5)"4+0.75(0.5)" }u[n]

() ylnl=—0.5(0.5)"u[n]+0.75n.(0.5)" u[n]

(a) b=0.5
(b)

6.23

0.237

1

atjw

6.24 (a) X(w)Z/ e e Ity
0

(c) X(2)= E ate 7On

1—ae

Az G,

-
T

o] s Ee] F714 wrEo] e}

g
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x

N—1
71 (@) X[kl = Y, élwi=1, k=0,1, ---,N—1
n=>0
N—1 f
) X[kl = Y dln—n) Wi = wy", k=0,1, -, N—1
n=0
()X[k]—N_ank" L—a’ k=0, 1 N—1
C = — N l—a,W}f,, s Ly s
9
Ne1 9 1 JNn 1 j% ) 2N7 k:O
(d) X[k = ,230 otae s tye Wy = %N, k=2, N—2(—2)
0, )
7.2 (@) z;[n]
(b) z,[n]
(©) z,[n]Z z,[n]
(@) z5[n]
7.3 (@ Yik]=11, —3, 2, —4]
(b) Yik]=1[3, 6+43, 2, 8— j4]
(c) Ylkl=11, 4, 2, 3]
(d) Y[kl=11, 4, 2, 3]
_ 129 22 29 20
(e) Y[k]_ 4 ) 4 ) 4 ) 4
f) YIx]=1[1, 9, 4, 16]
_ 1 _1
7.4 (a) z[0]= Nk:<N>X[k:] 3
_ 1 _ 10
(b) z[0]= Nk:<N>X[k] 5
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7.6

7.7

7.8

7.9

(c) z[n]=10, 0, 1, 0]

;v

OO|>—l

(a) X[k]:[?), _17 37 _17 37 _17 37 _1]
(b) yln]=z[n—2]=68n—2]+26[n—6]

(@ yln]=[z[n], z[n]]
(b) Ykl=[xk], Xkl1=1[3, —1,3, —1,3, —1, 3, —1]

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

256
(c) Af= 256—1Hz

(d f,=128[Hz]

7.10 (a) k=150° Gt ofF =1 FIh:

B 150 _
fir = 200007 555= 3000 [Hz]=3[kHz]

200

= —_— = H
Ji = 200000 5= 4000 [Hz |=4 [kHz]
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1

B =3l A} = ——=9.
(b) vA" F34 3|4 AF o0~ 0-001

old w1 Fiu AR 1 Af=20[Hz]

{0

[¢]

1 1 1
7.11 x(t)=§+z cos(2()()()7rt)+z cos (40007t)

7.12 (a) f, = 20[Hk]

(b) N=2x10°

(c) N=2" =262,144

18

d t, = 274= 13.1072
2x10

713 (@) k=15% K=N—k=100—15=285

DFTE 7% ~#Egle] 257k AA A5 2=y st 92 a
(b) k=199 K =N—k=128—19=109
DFT® & ~9Ege] P57k A4 A5e] ~d=d AFsh AxahA Snh

7.14 (a) DFT2 Zol: N=200, 3 3= Af=1[Hz]
(b) N'=2N=400, 20070¢] 9 A$-717} Aoz}
() N=512, 312788 4 AF-71E ok ek ofu] (b)ellA 20074 4 AH-9-717}
oA Sl ek 112709 4 A5-71E Frbekd Hoh

7.15 (a) X[kl=1[4, —1+j,2, —1—]

(b) y[n]Zx[n]@)x[n]ZASUx[m]x[n*m]z[5, 4, 5, 2]
(¢) Yk]= X[k]X[k]=[16, —2j, 4, 2j]
yil=5 B YWy =6 45, 2]

@ z[n]=1[2. 0, 4, 2, 4, 4]
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716 (a) z[n]=1[2, -3, —4, —9, 1, 2, 6]

M) sn]=1[3, —1, 2, —9]
"lnl=101-1, 2, 1, 3, 0, 0, 0]
2 [n]®y'[n] =12, — 3,

(c) = & y'nl=[-2, —-1,0, 2 0,0, 0]

—4, —9, 1, 2, 6]

C’J\
3
I

7.17 (@) A8 AEFERAS QA Ak gyl =z] x win] =12, 3, 5, 2]

DFTE o] &3 93 #A AL Axk
z,In]=12, 1, 0, 0], h,[n] =11, 1, 2, 0], yln] =12, 3, 5, 2]
k X, [k] H,[k] Y{k]
0 3 4 12
1 2+] -1+j -3+]
2 1 2 2
3 2 -1 -3

25 Ak ylnl=xn] x kln] =11, 1, 2, 2, 0, 3]
5

ANEHG A% Ak

r.

L X, [k] H,[k] Y[k
0 1 9 9
1 0 —2.5452.5/3 0
2 1—j5v3 1.5—j0.5/3 -j2/3
3 3 -1 -3
4 1+jv3 1.5+ j0.5/3 243
5 0 —2.5—j2.54/3 0
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(@ ylnl=zn] % hin] =12, 5, 6, 5, 2]
(b) z,[n]=1[1, 2, 1, 0, 0], h,ln]=12, 1, 2, 0, 0], yln]=12, 5, 6, 5, 2]

i X, [k] H, K] Ykl
0 4 5 20
1 0.81+j2.49 0.69+j2.13 -4.74+)3.44
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

(¢) zln]J=[12100000], hinJ=[212000 0 0], ynl=1[2,5, 6, 5,2, 0, 0. 0]

X[0] = 4
P XM =@2++2 - j2++2))/4/2

A2l=10 X[2] = -2
A6]=00 R - X KK A XBl=(W2 -2+ jW2-2)/2
X[ﬂzzo% > > > X[4]1=0
R
As]=00 ¥ 2), /;22) - ><><~\1o XI5 = (W2 -2~ j(2 -2))/2
X3=0 © et g ><>:[<Z‘2) (I_Q/ 42 - X6l =j2
N (0) (2 ~/

)«[7]:00>_<1=: - \=1~( s = (7] = (2 42 + 2 +2) /2
HOl=2 (2)= > (4) > »—5 //0]=5
H41=0 — z, (), :>\<>=<:(2’/2) e S HiI-(@02 +1- /202 + D2

12 (0) .
H2]=2 o > > - > pH2]=—/

1

61-0 o —Shc > M3 =(@NZ - 1+ /22 - D)/NE
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k X[k] HI[k] Yik]
0 4 5 20
1 V3 1 V3 1 3
1 _ - VY — s VY il -_ VY
5 T3 2 Jo SRR
5 1 V3 1 .3 1 V3
2 2 2 2 2 2

(c) ¥ 2 FFTEE o] 98 #A
Azol Aolx Az F7)

[e]
N=2"=47} H =5 wEW deo T aAzehs g F7] 49 F7] An
7b flh weba 9F AR Adn depdv Fojd A | A9UE
3 ozln]l=[1210]7 hnl=[2120]9 98 AYREHL ylnl=1[456 5]7}

A},

7.19 (a) s5-Hst7] ¥

y[n]:;L/U[TL]-Q—;L/I[TL—Q]—i-yQ[n—él]-i-yg[n—(ﬂ:[17 3, 6, 9, 10, 9, 6, 3, 1]
FR-Ag

y[n]:yo/[n]+y1/[n72]+y2/[n74]+y3/[n76]+y4’[n78}:[17 37 65 97 107 95 67 35 1}

(b) THE-Ha}7] HH:
y[n]:y(][n]+y1[n_2]+y2[n_4}+y3[n_6}: [17 0, 2, 2, —1, 47 1, 2, —1, 3]
FH-Ag W

y[n]: yo/[n]erl/[n—Z]+y2’[n—4]+y3’[n—6]+y4’[n—8]
= [17 Oa 23 23 _17 47 17 23 _13 3}

7.20 (a) f, = 2048[Hz]
b) Af=1
(¢c) A4 DFT=Z AXLE 2%
W 2 A RS FFTE &

(d M=6

Aol &= 101 X 4096 = 413,696

o
A T 5 2048 X 12 =24,576
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7.21 N=120%! 45 No] NEHT Homw o H57] #4445 AHA BE & &0
N=1000¢1 7Z%: No] N KU Boumzm wx o A7 AL A AEF $5
N9 Wl E gEg agla N/NE SRS S AW

5129 A& % dvth

7.22 (a) NXM=8192x512 = 4,194,304
(b) (17+16) <512 X log,1024+ 16 X 1024 = 185,344

7.23 (a) M 2 95 + 9 EE FFT: X[k]=1[8, —2,0, — 2]
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[ = Hanbit Academy, Inc.

(b) s 8 o HES FET
4-3y2  2— /2 4 2 .2
POSUESACRESEERST A Lt NERL L)
2’4+3\/§Jr 2+\/§71+74—3\/5 27\/5]
2 2 2 2
A0]=1q X[0]=0
A1]=0 X[4]=-2
x2]=-1a X[2]=1-
i3]=1a X[6]=1+
A4]=-1o X[]=(V2 -3+ j(N2-1)/42
A5]=1o X[5]= (V2 +3+ j(N2 +1)) /42
6] =00 0 X[3]= (242 +3- j(2 +1))/42
A7]=-10 S o - : A 0 X[7]=(2V2 -3~ j(\2-1))/+2

WU 2 AlRE 9 ¥EFE FEFT

4-3v2  2—4/2 C4+3V2 2+ 2

X[k] =0, Q\Fﬂ Qf,lfg, 2‘/_—3 2\/_,

4+3\/§+j2+ﬁ , 4—3\/57.2—\/5]
2

1+

2 ) ) 2 ] 2

2

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

1+

=(2V2-3-j(N2-1)/42
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b= PR Hanbit Academy, inc.

8.1 (a) X(z)=22+2+22
TH 99 220, |2l # 0o 2 HH
(b) X(z) =142 42242 3+,71
TH 949 =09 2 FH
(0 X(z)= —2"+2:—22" ' +277,
TH 99 1 2=0, |2l # 0o 2 HHE
(d) x(z)= Tl

—z
FH 9dd =09 2 HY

8.2 (a) X(z)= = (015) —, THI9:lz[>05

1

(b) X(z) = 005 FH9Y : |2[>0.25

~ 0.25)2

-1

© X(:) = 7702 £99 x> 05

0.5z " JRE
(d Xx(z) = THIY : z[>05

B 2:—1 _ 1 1
83 @ X&) = G185 ~ 205 T ao1s

(i) lzl>15 @« F A& 25 Q3 Azl A4

x[n]:{<—0.5)("‘”+(1.5)‘”‘”}u[n—1]={‘2(—0.5)”%(1.5)"}“@—1]
(ii) 0.5<|zl< 1.5 : FWsF AT A <o ATE= o3 AF
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b= P& Hanbit Academy, inc

(i) lz1<05 @ F A

.
2ln] = {2(— 0.5y~ 2. 5)”}u[— n]

2
_ 222075 o oo 1
(b)) X(z) = 5,1 — 052 0.25 D)
(i)]zl>0.5 1 B53o] ¢y Alsel AL
1]+

zn] = 0.50[n+ 0.256[n] —0.5(0.5)" tuln—1] = 0.58[n+1]+0.258[n] — (0.5)"u[n—1]

(iDo<lzl<0.5 © &5go] vAdF} Aol 45
z[n] = 0.56[n+1]+0.256[n] +(0.5)"u [~ n]
©) X(z) . z(z+5) 2z _z

 (z—-3)z+1)  z2—3  z2+1
(i) lz[>3 : F A& J—":r ol Azl A%

n] = {2 - 3" = (- "’}u[n]
(iD1<lzl<3 @ & Az2EAM A A F& vz N5, F HA & 2z
SEEIEE
z[n] = —23)"ul-n—1] — (—=1)"u[n]

(ilzl<1 : F *JE BE vl Asl A S
n—1]

nl={-2B)"- (—1)"tul-n—1

8.4 (a) X(z) = . - —05) Zil B z—ZO-5

(
z[n] = uln] = (0.5)"uln] = (1-(0.5)" )uln]

0.52(z+1) 2z 1.5z

== (z—1)(z—0.5) T oz—1 z—0.5
2uln] — 1.5(0.5)"u[n] = (2—1.5(0.5)" )uln]

8
3
I

© X(z) = 2(z—4) 2z z

(z—2)(z—3) z—2 z—3

zn] =2 - 2"[n] — 3"uln] = 2" uln] — 3"uln]

_61_



}2 SrerorFroiai
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8.5

8.6

(d X(z) = ( )(22+3) _ 252 1z 4.5
]

N

(z—2)(z—3) z—1 z—2 z2—3

zln] = 2.5uln] — 7 - (2)"u[n] + 4.5 « (3)"uln)
() X(z) = o1 421 2 Go1p 1z-1
1 n 1 n 3 n — 1 n
z[n| = Z(_l) uln] + 5%(1) uln] + Z(l) uln] = Z((_l) + (2n+3))uln]
0 X(z) = 22(—2z2+82—7) __Z n 2z . z 3z
(z—1)(z—2)° =1 (z=2)  (2—2) =272
1 2 n n n
z[n] = uln] + Zn - 2"y [n] — Zn 2"uln] — 3 - 2"uln]
(@ ¥(z) =2 'X(z) = ———— ld>05
(z40.5)
. 2y _ 2/2 _ 2z ;
(®) Y(Z)_X(2) (2/2+0.5)  (z4+1)* o=
() Y(z)= — 05 |zl > 0.5
(@) Y() = 2X() 42 X() = — 2L 2L s

(z+0.5)?  (2+0.5)*  (2+0.5)*

(@) X(z) = niona"z "= 1(%) + 2(%)2 + 3(%)3 + 4(%)4 + ..

alz az
X(z) = =
(Z) (1_ g)2 (Z_a)Z
z
(b) z,[n] = d"uln]ol8t FH zln]=nd"uln] =nz,[n]o] 22, F94 v AES
o] &3]
dX] (Z) az_l az
X&) = == dz B (1—&2_1)2: (z—a)2

(c) 2'[n]=d"uln] x a"uln] = n+1)d"uln]ol&F T8 az'ln—1]=z[n]o|EE,
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3
_ 1
87 (@ X,(z)=:"° 3 22 = — 5
2°—32"+52z—9 2°—=32"+52—9

6
z

—322+52—9

() n=0,3 2 wo] z[n] 3t z[o]=1, z[3]=6
n=34 W] z,[n]=x[n—3Juln—3] & z,[3]=1
n=0%4 W] z[n+3Juln] #: z,0]=6

b) X,(z)=

- (z3x[0] + 221‘[1] +z2z[2])

HIE = AZ ARES WA Q) Azo]y] wiEe] o] » WE X,(2)S
AN =W 2,0 = 2[3] & WEHIT)
z
. X(z)= ———
8.8 (a) X(z) o)
(b) X(s) =, 10252 _ 025

2—0.5 z—0.5
(c) X(z)=— 22+4221n(%)

0252 '(1— 271

(d X(z)=
) 1—0.52 '+ 0.252"2
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(b) Hamming window

=
F
0 20 40 60 80 100 120 140 160
n n
g
=
0 20 40 60 80 160 120 1:10 160
n
A, —T7.95 40 —17.95
+1=112.59

2.285502, 1 2.2855 % 0.04x

(a) Ideal impulse response
0.4

(c) Actual impulse response
0.4

(b) Kaiser window

win]

o 20 40 60 80 100

0.5

_83_



x

rZraial

anbit Academy, Inc.
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ho[n] = o
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8[n] *
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0.7z
ho[n] + 0.3z 0.7z
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(a) Ideal impulse response
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(c) Actual imulse response
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10.8 «a=0.1102(4,—8.7)=10.1102(50 — 8.7) = 4.55126 & N=60

(a) Ideal impulse response (b) Kaiser window
0.3
1 B il
0.8
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n n
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10.13 M=47

hin]
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(a) Impulse response

(c) Amplitude response
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HEH ax

wp = 0.2*pi;
ws = 0.3*pi;
Rp = 0.25;
As = 50;

deltal = (10"(Rp/20)-1)/(10"(Rp/20)+ 1);
delta2 = (1+deltal)*(10"(-As/20));
deltaH = max(deltal,delta2);

deltal. = min(deltal,delta2);

weights = [delta2/deltal 1];

deltaf = (ws—-wp)/(2+pi);

M=ceil((-20*log10(sqrt(deltal*delta2))-13)/(14.6*de

ltaf)+ 1);
f = [0 wp/pi ws/pi 1];
m=1[11005

h = remez(M-1,f,m,weights);
[H,w] = freqz(h,[1],1000,'whole");
H = (H(1:1:501)"; w = (w(1:1:501))%
mag = abs(H);
db = 20*log10((mag+ eps)/max(mag));
pha = angle(H);
delta_w = 2#pi/1000;

wsi=ws/delta_w+ 1;
wpi = wp/delta_w;
Asd = -max(db(wsi:1:501));

while(Asd < As)
M = M+1
h = remez(M-1,f,m,weights);
[H,w] = freqz(h,[1],1000,'whole");
H = (H(1:1:501)%
w = (w(1:1:501),
mag = abs(H);
db = 20*log10((mag+ eps)/max(mag));
pha = angle(H);
Asd = -max(db(wsi:1:501))
end

M = length(h);
L = M-1)/2;

P = [h@L+1) 2+*h(L:-1:1)1; % 1x(L+1) row vector
% (L+1)x1 column vector

n = [0:1:L];
omega = [0:1:500]"+pi/500;
Hr = cos(omega*n)*P";

subplot(2,2,1);

stem([0:1:M-11,h);

title("(a) Impulse response');

axis([0 M-1 -0.1 0.41);

xlabel('n");

ylabel('h[n]");
set(gca,'XTickMode','manual','XTick',[0O,M-11);
set(gca,'YTickMode','manual','YTick',[-0.1:0.1:0.3]);

subplot(2,2,4);

plot(w/(2+pi),db);

title("(d) Magnitude response");

axis([0,0.5,-80,101);

xlabel('"WOmega');

ylabel('| H®WOmega)| dB'");
set(gca,'XTickMode','manual','XTick',[0,0.1,0.15,0.5])
set(gca,'YTickMode','manual','YTick',[-50,01);
set(gca,'YTickLabelMode','manual’,'YTickLabels', ['50";'
0'D;

grid;

subplot(2,2,3);

plot(omega/(2+#pi),Hr);

title('(c) Amplitude response');

axis([0 0.5 -0.1 1.1D);

xlabel('"WOmega');

ylabel('Hr(#Omega)')
set(gca,'XTickMode','manual','XTick",[0,0.1,0.15,0.5])
set(gca,'YTickMode','manual','YTick',[0,1]);grid;

subplot(2,2,2);

pbw = omega(l:1:wpi+ 1)/(2+#pi);
pbe = Hr(1:1:wpi+ 1)-1;

sbw = omega(wsi+ 1:501)/(2#pi);
sbe = Hr(wsi+ 1:501);

plot(pbw,pbe,sbw,sbe);

axis([0,0.5,-deltaH,deltaH]);

title("(b) Error Function");

xlabel('WOmega');

ylabel('E(WOmega)');
set(gca,'XTickMode','manual’,'XTick',[0,0.1,0.15,0.51);
set(gca,'YTickMode','manual','YTick', [ -deltaH,-deltal,
0,deltal.,deltaH]);

set(gca,'XGrid','on");
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Chapter 11 A&SEX|

T,=19 A% H(z)= Z_Z(Z 2—0%1353
T,=01% A5 H(z)= 2_2702 2—0%8187
» obd = AH | DC o5 His)l,— ;= lerQ S_j0—0.5
» A ZE 9| o]5
T,=19 79 H(Z)|z:1=ﬁ7f1353 Z:1=ﬁ%1353= 11965
7, =019 75 H(z)|zzlzm Flzm 51T

Asl A % 4 gd%e] YA WW WFL DC ol5ol KA Bk

T,=19 A% Hiz)=——t —2=— 2 =
s 8 Hlz) c—e ! .—¢ 2 z-03679 z-0.1353
=0.1¢ A% == A z z
7, =019 35 Hiz) o 0l L7 00048 | 208187
= . 1 1
» o2 FE ] DC |5 H(s)=( + ) =1.5
sH1 s+27],_ 4

=19 A% —(— 2= z -1 1
To=1%0 %7 H6)l o = et o135 T 10360 1-oiss 2T
7.=019 A% we)| =2 4 E 5 - L =16.0199

s 22175 70.0048 | 208187 |, 1-0.9048 | 1—0.8187

(@ PFAZA R QEs B MBL DC ol So] AFHA etk B BEY

H A= E=e)
FA7b AW DFRE @5E Fh5 FHol A% o5 FAFe] Freh
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() » A9 BES] AT

T =10 Ao H(y)=_2 e o
' 39 H(z) T 2T 203679 2-0.1353

7. =019 A% H(z)= z + z — Z _ z
=0 v 2 z—e 01 4 —e702  2—-0.9048 ~z—0.8187

- 1 1
ok i [e) ol = = — =
> obda WE O DC o5 His)l,—jo = (57— 555 ) -0 =05
» A" e o=
= o] e H = z — z | = 1 — 1 =(0.4255
T, =180 e HEl o = ™ 200 .., 1-03679 1-0.1353 o
=0.1% 7o H = i — il = 1 — =4
T 12 %7 Al z—0.9048 z—0.8187 |, _, 1-0.9048 1—0.8187 88

(@9 w72 g MELe DC o] 5ol APHA grh £ AEY

H 5
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—2b —2a 2 —2b —2a
' () = z z :Z(z—e Y+ z2(z—¢ ):22 — (e +e )z
113 (a) H(z) Z_e,QaJF o2 e 2)r—e ) e ) (r—e )
Ox" FHe] F: oz, =¢ ™, 2= 7
B! 221:%(672(14‘67%), 2,9 =10
(b) H(z)=( LR )
s—a s—b'|z=1
z+1
(z+1)((2—a—b)z—(2+a+b))  (2—a—b)2—2(a+b)z— 2+a+D)
T (1—a)z—Q+a)((1=0b)z—01+b) (1—a)z—Q+a)((1—0)z—(1+b))
B 1+ 1+0b
HAE BEY Foz, = ay =1y
24+a+b
L R ==

11.4 (a) A= FEolu= A9F3} FHolt

3 3224+ 62+3
(b) H(z)=—5——— =
s +3s+3 [,_, 21 312" —26z+7
z+1
3 3224+ 62+3
() Hz)=H(s) . =—5——— =L T 2E 0
s=3-7 s’ +3s+3|,_42-1 212" —122+3
z+1
240642
115 (a) #(:)] _ 1+0.6422 _1.05422" +2.69622" +1.642
' =200 ( 2’ +0.642 ) 240642 o 0440427 +0.12862" —0.0298
1+0.642z2" 140.642z2 '
_ Z-09021
1—-0.9021z" 1.71592"% — 3.6182" +1.9021
(b) H(z)l Z—09021 — T T = ) ’
ey (2 09020y, 209021 L 00 02607277 —0.35122" +0.1117
1-0.90217" 1—-0.90217" '
(c) h=10.3820
k=0.2180
¢, =—0.1367
¢, =—0.6420
14 /3_ /2_ ’
H:') = H2)| 1.05432"4 +0.22452"% — 2.69632'2 — 0.22452" + 1.642

L Fradte (440424 — 0.28732"3 — 0.08762'2 +0.07192 — 0.0298

627 Fo +1
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117 F94 vgl e Aol Bead. 7—1= Fu,
(9]

_2 2 _
w, = Ttan 5 Ttan0.157r—1.0191

*lt &*itano 357 = 3.9259
w, = Jptan— T .35m = 3.
WA opdE T HEY A EE AATH.

wp
N=5 & w,=w,=-—————=1.1665
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s+ (0.3605 + j1.1094))(s + (0.9438 + j0.6857))(s + 1.1665)

H(s)= (

2.1602
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11.8 3= wlg] el Ao Basith. T=12 74,

2 2, 2

w, = g tan—= 5 tan0.27 = 1.4531
2 2, 2

w, = —tan—= —tan0.47 = 6.1554

s 2 T
WA A L2 DEE AAS o st
3 & w, = w, = 1.4531
1.7149 _ 1.7149
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oA ezl ofd = AEE AAY WIS o] 8sle] WMEksle] A
_ 0.07952° +0.23842" +0.23842 + 0.0795
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