(a)
M
Whiw) = E wg(n)e 7"
n=>0
M
n=>0
1 — p—d(M4+1)uw
B 1 —edw
U LT
= e iMuw/2 sin( 5w
= e —
sing

(b) Let sep(n) = hg(n)+hg(in — 1),

1, 0=n<=2 _ 7
hrpin) = L2
0, otherwise
Henee,
Wrlw) = Hi(w)e ™
2
s M
_ ST w2
sin'y



Let e(n) = %(1 + cos ;T' )
Then, Clw) = 7 |dw) + lcﬁl:w Z'T'l + lél'u-+ 2"'_] T =
T 2 MY TN e
1 T
Welw) = 5= (@) Wg(w — 0)de
1 1 2 1 2
= EH"R{ w) + EH-"REU: — H) + El‘["—‘q(ur + ‘1_1’]
Refer to fig 5.2-1
W w)| [Wiwe)|
R -
ST ¥ T R VR FS R T om0 M
[W{w)
c
-2wM aMel o WM M

Figure 5.2-1:



(a)

(b)

(c) Note that H(%) = 2 and H(F) = 0. Therefore, the filter does not pass the signal cos(fn).

yin) = x(n)+x(n—4)
Viw) = (141X (w)
H(w) = (2cos2w)e 72
Refer to fiz 5.7-1.
2 - T 1 . T T
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1561 .
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0 0.5 15 2 25 35
e
2 T T T T
~ 1r T
=
Lol
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_2 1 1 1 1
0 0.5 15 2 25 35
e
Figure 5.7-1:
P T n T n T 4+ T 1)
yin) cos—1 + cos—n + cos—(n —4) +cos—(n —4)
2 4 2 4
T T T
But EGS;I:?‘?, —4) CGSE?’?,CGSL-‘T + si ragnsi n2mw
m
COS—T11
2
T T T
and cos—(n —4) COS—NCOST — SIN—NSINT
1 : 1 ' 1 '
m
—COS—T
Therefore, y(n) 2&05%?1



5.7

(a)

1
= 5 [z(n) + x(rn — 1]
1 AW v
= 3(1 + e TN (ur)
1 ”_
— 3[1 + f‘_‘?m J
u e
= -:‘t)FiI:E:IE' =
Refer to fig 5.10-1.
1 I T T T
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Figure 5.10-1:



(b)

Refer to fig 5.10-2.

ke
Yiw)
|H (w)]
e

1
—3 [x(n) —z(n — 1]

1 .
—5(1— )X (w)
vy w
s ?

JE-%)

=
o
T

=
[
T

in
T

——= thetaiw)

=
o
T

0.5 1 1.5 2 2.5
= w

Figure 5.10-2:
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u(n)
Yiw)

Hiw)

Refer to fig 5.10-3.

1
= 3 [x(n)+3x(n— 1) +3zx(n — 2) +2(n — 3)]

1 i RTIR r 3
= qltl + e TP X (w)

= lfl -+ E‘_jw:ls

W, _Bw
= :':(J.*'-isli_—jlf_':_jg.."'_

—= W

3.5

—== thetalw)
[

0.5 1 15 2 25
—w

Figure 5.10-3:
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5.10
ia) Refer to fig 5.14-1

1 — 15
1 L
05
. — 05}
= I=3
A 0 < ot
! | _05
-05
_1 +
-1 - - -15 : -
0 100 200 300 0 100 200 300
—==>n -—>n

Figure 5.14-1:

bits 4 6 8 16
THD 9.4616e — 04 5.3431e — 05  3.5650e — 06 4.2848e — 11

(¢) fo= 1ig

bits 4 8 16
THD 914993 — 04 5.5965e — 05 3.0308: — 06 4.5383¢ — 11

]

(d) As the mumber of hits are increased, THD is reduced considerably.



(a)
yin) = x(n)— 2eosupx(n—1)+ x(n—2)
hin) = dln)—2eoswgdin — 1) +d(n—2)
(b
H{w) = 1—2coswge ¥ 4 ¢—12w

(1 —e /™™™ (1 — ™0™
g . Wy W — iy

—de™ " sin———sin—

2 2

—2e7 " cosw — cosuy)

2|eosw — cosuy|

0 at w = $uy

wil = pi/3

f
tm
T

=

i
T

.

—== theta(w)

0 05 1

1.5 2 25 3
——>w

Figure 5.17-1:

when wo = 7/2, H{w)
at w = /3, H(7/3)

f

u(n)

3 2w

= l—¢
- 1— e;jﬂrr.,-"ﬁ — le_'.i:rl,-"ﬁ

— |H( .'rf3:l|3ms(gr1 +30° — 60°
_ 3&05(%*& — 30°)
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(a)
1 m
hin) = —f XN (w)e!™dw
2r J_»
amw T
1 I k3 _
= o f e ™ dw —f e U
T _3%;1 _g_
1 iy .o
= — |sin—n — sin—n
T = =
2 07 T
= —sin—Nncos—n
TT 8 4
(b} Let
) 2singn
fipin) =
nmw
Then.
2, |w<=Z
Hi(w) = — &
15 0, §<|wl<m
and

—

hin) =M {njcas%n



5.19

(a) H(z) = bo 1220 Refer to fig 5.28-1.

(b) Fora=0.5.b=—06, H(z)=bhpi=0bz"]

%-l—IZITf‘ Since the pole is inside the unit circle and the

filter 1= causal, 1t 1= also stable. Refer to fig 5.28-2.

Figure 5.28-2:

10



1405271
Hiz = by _
(=) "1 0521
2+ cosu
= |Hw)]? = i
i} — Cosw
The maximum occurs at w = 0. Henee,
a
H(w)|lw=o = Eag%
1
= Obf =
1
= by = =£—
! 3
(d) Refer to fig 5.28-3.
[H{w)|
I T T T T T
08F _
06+ -
=
o4} _
02F _
|:'_'| 1 1 1 1 1
] 0.5 1 15 2 25 35
W
phase
0 T T T T T
-0.2F .
w-04F -
S-0sf AN ) .
-0.8F _
_'I 1 1 1 1 1
] 0.5 1 15 2 25 35
W

Figure 5.28-3:

11



(2] Refer to fig 5.28-4.
obviously, this 15 a highpass filter. By selecting b = —1, the frequency response of the

highpass filter is improved.

/08 B
P

LY
| A vy || 1
"."' / z -p anc
s
\5_ ;x/

Figure 5.258-4:
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5.22

yin) = bozr(n) +bhz(n—1)+ baxin —2)
H{w) = bg+bie 7% 4 bge 72
(a)
27 . Oy - A
H(Tj = by 4+ be™ T L hae™ T =10
H{) = b+bh+b=1
For linear phase, by = *ba.
select by = bo (otherwise by = 0).
These conditions vield
1
b=t =5 = -
0 1 2 3
Hence, H(w) = %e_j“’ (1+ 2eosur)
(h)
1
H(w) = E{l + 2eosw)
o) = § tor 1+ 2Zeosw = 0
(w) = —w+mw, for 1+ 2eosw < 0

13



5.26

H.(w) = (1—re%e )1 —re % w)
= (1 —re =0y pedlut))
= A(w)B(w)
(a)
[He(w)] = |Alw)b{w]]
= [A(w)]||B(w)|
|H.(w)lgp = 20logyg|H:(w)]
= 10logyo[1 — 2reos(w — @) 4 2] 4 10log, o[1 — 2reos(w + 8) + 7]
(b)
LH (w) = [Alw)+ LB(w)
rsin(w — ) rstn{w + @)
= tan! tan~1
- reos(w — 6) +ian 1 — reos(w +8)
(c]
. de_(w)
alw) = — oo
= 7ilw)+ T_f[u-']l
_ r? — reos(w — ) r? — reos(w + )
1472 _2reos(w—6) ' 1412 — 2reos(w + )
(d)
1
H. ' =
plw) H.(w)
1
Theretore, |Hyiw = —0
? | :i'-'-‘( ]I| |Hz|[?.t-‘}||
|Hp(w)lgp = —[H.(w)|gp
on the same lines of probd 62
By (w) = —6,(w)and
o w) = —r (w)

14



(e) Refer to fig 5.358-1.

magnitude theta=0

phase theta=0

10 15
5 T f/" 1t Il'r\\_
-5 of |
| ( ‘\
-10 | | -0.5 Yoo
| .\.\ |
-15 L =17 kY|
I
=20 . -15
-5 0 -5 0
magnitude theta=1.571 phase theta=1.571
10 - 15 -
5 /r _-\\ 1 I 'r\‘\\
A 7 N N
0 0.5} N |
f Y
_5 Vol D I
I| |I \ ‘
-10 | { -05 N
| \'x |
_|5 | _"l | \-\.\UII
]
=20 : -15
-5 0 -5 0

Figure 5.38-1:
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5.29

For the sampling frequency F. = 500samples/sec., the rejected frequency should be wy =
2.‘.‘(%) = %.‘r. The filter should have unity gain at wy = QT(%) = %.‘r. Hence,
i
HLE.'T) = 0
4
and H{-7) = 1
)
H(w) = G(l—eFeiw)(] —edFe i)
} am
= Gei¥[2cosw — 2c0s—|
25
4 4 6
H(En‘) = .3G|[CosLErrj —msgﬁrr)” =1
1
Hence, G = -
cos%rr - ms%rr

16



5.33

(a) Replace z by =% We need 8 zeros at the frequencies w = 0, :I:%. :I:%. :I:ST“. T Hence,

1=z
Hiz) = ——
(2) 1—az3
Yiz)
X (=)
Hence, y(n) = ayin—8)+=z(n) —zin —8)

p o LT R 1 s
(b) Zeros at 1,eTIT e3I7 17T 1

1 1 ;o 1 ;o 1 s A .
Poles at a¥,afeT T a5et T 5T 1. Refer to fig 5.49-1.

(c)

Refer to fig 5.49-2.

=== [H(f)|

=== [H(f)|

10

0
0

10

ZH (w)

2|cosdw|
v 1 — 2acostw + a2
{ _2;(_”!—1 asiniw

|H{w)| =

Ta,c'os_ té' !
T —tan_ M'
1—arco=8w

magnitude of notch filter

cosdwu = ()
cosdar = ()

.,

A "\__ A

e | S

0.1

L 1
0.15 0.2 0.25 0.3 0.35
—> 1

magnitude of a high pass filter

04

0.45

0.5

1 1
0.15 0.2 0.25 0.3 0.35

Figure 5.49-2:
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5.36
hin)
Hence, H.(w)
H,(7)
R
1.85h(0) 4 0.765R(1)

—0.765R(0) + 1.85h(1)
h(1)

Th{0), h(1),R(2), h(3)} where h(0) = —h(3), k(1) = —h(
E(h(D)sén% + h[l]lsin%j

&

| =

Eh(ﬂjsm% n Eh(ljsén%) _

Eh(D)sén%r + Qh(ljsén%) =1

1
2
1
0.56, h(0) = 0.04

18
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5.39

(a) Since X {w) and Y (w) are periodie, it is obeerved that Y(w) = X{w — w). Therefore,
yln) =e™z(n) = (—1)"x(n)

(b) 2(n) = (—1)"y(n).

19



5.43

Viz) = X(z)+bz72X(2)+271X(2)
; Yiz)
H(z) = X6
= 14bz 24271
For b=1,H(w) = 14 &% 4 7v
(1 + 2cosw)e™ ™
|H':?f’:'| = |l + 2t'§t1‘4b!'|

H () —i, 1 + 2eosw =
LH(w) = '
s m—w, 14 2eosw <0

Reter to fig 5.64-1.

3 —1 . , | : :

M
i
T

=
on
T

--> phase

—_ 3 1 1 1 1 | 1

0 05 1 15 2 25 3

Figure 5.64-1:

20

3.5



b=—1H(w) = 1—¢ w12
= [Zeosw — 1)e

|H(w)| = |[2cosw — 1]

: 3 —u, —1 4 2eosw =0
/ = =
._HE'H )| { T—1w., —14 2cosw < ()

Refer to fig 5.64-2.

ra
wn
T

o=
o
T

— W

3.5

--> phase

— W

Figure 5.64-2:

21
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5.46

o
Hence, r,.(n)

Bpplz)

Hence, ripin)

Raylz)

Hence, ray(n)

Ryylz)

Henee, ryy(n)

—yln—1)+x(n)

2

(1—La-1)(1-4ix)
—4z1

(1— =1 (1—4z71)

61 w1

151 - L.-1 151 —4:-1

—Gfl)”u(n) + 1—bl:'-1:l”u|:—n 13

154 15
H(z)H(=™")
1
(1—2z-1)(1—1z2)
—2:1
(1—L=-1)1—2:-1
4 1 41
31-1,-1 31-2:1
é(%)”u(nj RS %(2:|”u|:—n —1j
X(2)Y (=)
1
(1—%:_1)(1—%:“1—%:}
6 1 16 1 128 1
C1T1-2:71 15141 T 1061 — L1
28
%fi‘jnu(—n -1) - %(4j”uf—r1 —1)+ 1ég(Eannl
Viz)Y (=1
1
(1— =11 —d==1)(1 — $2)(1 — 3=2)
64 1 +12‘8 1 +64 1 128 1
21121 71051471 " 211 L1 105111
4 128 64 1 128
—(27ul—n — 1) — —(4)"u(—n — 1)+ — (=) u(n) —
21':’ ‘ ! 105‘:I ( ! :1*1‘:2j (n) 1054

22
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5.48

hin) =bodin) +bid(n— D)+ bad(n —2D) (a) If the input to the system is x(n), the output is
yin) =bhr(n)+bhzin—D)+box{n—20). Hence, the output cousists of x(n), which is the mput
signal, and the delayed =ignals x(n — I?) and x(n — 20)). The latter may be thought of as echoes

of x(n).

15)]

Hiw)

|H (w)|

Ew)

(c) If |bn + ba

o

1],

by + bre~ 70D | poe—i2wD

bo + bicoswD + baecos2w D) — j(bysinw D) 4+ basin2w D)

vfhuz + E?12 + E‘-'g2 + 2bi (bg + ba Jcosw D + 2bphacos2w D
i bisinwD + basin2wD
bg + byeoswD + byeos2w D

—tan™

then the dominant term is bye 7Y and

[H (w)] = /bo? + b1 + bs® + 2y (bo + ba)coswD

and |H (w)| has maxima and minima at w = + &7 k=10,1,2,...

(d) The phase ®(w) is approximately linear with a slope of —I. Refer to fig 5.71-1.

=== [Hin)|

049

08

1
0 0.05

1
0.1 0.15 02 04 0.45 0.5

——=> phase

L

1
0 0.05

1
0.1 0.15 02 0.4 0.45 0.5

Figure 5.71-1:

23



5.52

(b}

Hence, H(:jH(:_lj

|H ()| =
H(z)H(:="Y =

H(:)H{(z"Y) =

Hence, H (=)

or Hiz) =

24

2—glz+271)
T e
1.1
Ci-L
o _ 1.
1- 1z

2(1 — a?)

1+ a? — 2acosw

2(1 — a?)

14+a?—alz+z271)
2(1+ a)(1 — a)

(1 —az"1){1—az)

2(1 —a=)

1 —nz-1

2(1 — a?)

1 —az



5.54

(a) The impulse response i1s given in pri0fig 5.80-1.

1.2 T T T T

=]
[+l
T
1

ritude

o
[=r)
T
1

—=> ma

=
oY
T
1

D Ll I | - 1 1 1
o 500 1000 1300 2000 2500
—=n

Figure 5.80-1:

25



(b) Reverberator 1: refer to fig 5.80-2.

impulse response for unit1

-== magnitude

T
1 ——
IR TR :='P'. k) Ll ;—,*—,hl T By wff;u_y!a,M}.ﬂ.hHwM‘W%M%wu
200 300 400 =00 600
-=>n

impulse response for unit2
T T T T

-== magnitude

" . . :_Il\l\l._'.,._f_.__I._h:-\a\lg-'-;. B NP PP P
0 1 i | I"I;‘Jl"-ﬂ'\:-;-f‘.' W 1 I
0 100 200 300 400 500 600

Figure 5.80-2:

Reverberator 2: refer to fig 5.80-2.

(¢} Unit 2 1s a better reverberator.

(d) For prime number of Iy, Dy, Dg, the reverberations of the signal in the different sections do
not overlap which results in the impulse response of the unit heing more dense.
(e] Refer to fig 5.80-3,

(f) Refer to fig 5.80-4 for the delays being prime numbers.
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