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2. (a) Solution:

. b
H(eM) = —~
() = T os107
(b) Solution:
. b
H(e) =
() = T 08T eos 2 = 70.81 sin 2w
) b
|H(e_]w)| — | |
/(1 +0.81 cos 2w)? + (0.81 sin 2w)?
_ 0|
V14 0.812 + 2 % 0.81 cos 2w
- b
max |H(e!)| = b =
V14 0.812 —2%0.81
b = 0.19

Magnitude Response of Filter
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FIGURE 5.7: Magnitude response of the system.

(c) See plot below.
(d) Solution:

z[n] = 2cos(0.57n 4 60°) = el5eI2" 4 71T TIT"

yln] = I8 T H(e3E) 1 0738 BmH(el )

)

T T
=2 COS(ETL + 3
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Wrapped Phase Response of Filter Unwrapped Phase Response of Filter
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FIGURE 5.8: Wrapped and the unwrapped phase responses syfdten.

Filter Input and Output

2 3 T I 7T - T T ¥ T : T T ¥ T %
‘\ [N " N P ! [ " n N \ [ [ n N N
I 1 \ I\ i \ [ i \
A TS RS BEE SRS S SRS S S S I S S B
| 1 | | 1 1 | ! !
[ | | [ I \ [ I |
- I | ! | 1 I | -
KN e T A S A A Lo
;! ;! ! \ Iy (. I I . - o ;o ! ! -
T S S T A A S T S S S S A A
| | | 1 I |
! 5! eg s 1 _bg ! ' g B B | Bg ! S| B | bg !
O F'}r] s 5 \:\'j B],;mm“ ORI R A Z‘qu\ Ao ay ar Ty A @ g PP ﬁpﬂh, B g
e | Y ]\Sm,%a‘ pd | ma | fed 1 Skd a . ‘:LnaJ yﬁn{v he' S |
1 1 I
T S A S A A S S A S A SAVANE S A R S S
[ | | Vol (- Ll Vo ) L
I [ I o by |
Vo | ! I Vo vy | Vo [ \ R
-1F V! vl [ [ ‘ ‘ Vo L [ | | L \ = -x[n] I
! ! vl [ ! ! ! V! [ [ ! ! l \ -
% ' x | x L x L [ Uk ¥ ¥ |k |k [ Uy | simulated y[n]
I | v \y i Vy \ .
’ ! V" \ |, , Y It v 4 ' v % 1/ - & -theoretical y[n]
_n B % 4 X |k | 4 X Lk | X
n

FIGURE 5.9: MAaTLAB verification of the steady-state responsefi).

(e)

See plot below.
MATLAB script:

% P0502: Plot magnitude and phase response

close all;clc

sqrt (1+0.872+0.8172-2%x0.81-0.872%1.8172/2/2/0.81) ;
[1 0.8 0.81];

linspace(-pi,pi,1000);

freqz(b,a,w);

H_mag = abs(H);

H_phase = angle(H);

H_phase_unwrap = unwrap(H_phase);

n = 0:100;

xn = 2xcos(pi*n/3+pi/4);

yn = filter(b,a,xn);

yn_ref = 2%0.0577*cos(pi*n/3+pi/4)-2%0.0809*sin(pi*n/3+pi/4);

- = p O
|
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%% Plot:

hfa = figconfg(’P0502a’,’small’);

plot(w/pi,H_mag)

xlabel(’\omega/\pi’,’fontsize’,LFS)

ylabel(’ |H(e"{j\omega}) |’, ’fontsize’ ,LFS)
title(’Magnitude Response of Filter’,’fontsize’,TFS)

hfb = figconfg(’P0502b’, long’);

subplot (121)

plot (w/pi,H_phase)

xlabel(’\omega/\pi’,’fontsize’,LFS)

ylabel(’\angle H(e"{j\omega})’,’fontsize’,LFS)
title(’Wrapped Phase Response of Filter’,’fontsize’,TFS)
subplot (122)

plot (w/pi,H_phase_unwrap)

xlabel (’\omega/\pi’,’fontsize’,LFS)

ylabel(’\Psi (\omega)’,’fontsize’,LFS)

title(’Unwrapped Phase Response of Filter’,’fontsize’,TFS)
hfc = figconfg(’P0502c’,’long’);
plot(n,xn,’--xb’,n,yn,’--xc’,n,yn_ref,’--sr’)
legend(’x[n]’,’simulated y[n]’,’theoretical y[n]’,’Location’,’Southeast’)
xlabel(’n’,’fontsize’ ,LFS)

title(’Filter Input and Output’,’fontsize’,TFS)

3. (a) Solution:

0.2
v/ (1 —0.8cosw)? + (0.8sinw)?
B 0.2
V164 —16cosw’

|H(ej27rF)| _

w=2nwF/F;

(c) See plot below.
MATLAB script:

% P0503: Linear FM signal
close all; clc
%% Specification:

B = 10;
Fs = 100;
tau = 10;

N = tauxFs;
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Output Time Sequence: y[n]
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FIGURE 5.12: Plot ofy[n] = y(nT) over0 < ¢t < T sec.

xlabel(°F (Hz)’,’fontsize’,LFS)
ylabel (’ |[H(e"{j2\pi F})|’,’fontsize’ ,LFS)
title(’Magnitude Response of Filter’,’fontsize’,TFS)
hfb = figconfg(’P0503b’, ’long’);

plot(n/Fs,xn)

xlabel(’t (sec)’,’fontsize’,LFS)

ylabel (’x(nT)’,’fontsize’ ,LFS)

title(’Input Time Sequence: x[n]’,’fontsize’,TFS)
hfc = figconfg(’P0503c’,’long’);

[AX H1 H2] = plotyy(n/Fs,yn,n/Fs,H_mag);

set (AX(2),’ylim’,[-1 1],°YTick’,-1:1)

xlabel(’t (sec)’,’fontsize’,LFS)

ylabel (’y(nT)’,’fontsize’,LFS)

title(’Output Time Sequence: y[n]’,’fontsize’,TFS)
legend(’ [H(e"{j2\pi F})|’)

(a) Solution:

1 1

X(z) = , > -

& =1 F>3

1 1

Y(z) = , >

&= >3
) Y(elw 1— Leg—iw

He) = X = T

X(er) 1 —ge7 v

which is unique.
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(b) Solution: .
H(ejg) =2

Hence, the frequency response function exists but not eniqu

(©) x[n] o sinw:/4 |i> y[n] _ sinmn/2

- T ™

Solution:
yln] = 2z(2n]
which is time-varying.
(d) Solution:
y[n] = z[n] — x[n —1]
. Y(elw
H(ew) = Ay i
)((er)

which is unique.
5. (a) See plot below.

Filter Output

221
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FIGURE 5.13: System response to the inpit] = (—1)"u[n].

(b) See plot below.

(c) See plot below.
MATLAB script:

% P0505: Checking whether a system is LTI

50

YA Compute impulse response and frequence response

close all; clc
%% Part a:
n 0:50;
N = length(n);
xnl = (-1). n;



CHAPTER 5. Transform Analysis of LTI Systems 228

Magnitude Response Zero—pole Pattern
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FIGURE 5.21: Magnitude response and pole-zero platfof = (z[n] + z[n —
1)) — H(z[n — 3] + z[n — 4]).

8. (a) Solution:

sinwe(n — ng)

hpp[n] = 2 coswon (5.72)

m(n —ng)

sinwe(n — ng)

hip[n] = (5.70)

m(n —ng)

Modulation Property:

x[n] coswon = %X(ej(w—i-wo)) + %X(ej(w—wo))

- e Iwnd  , < |w| < wp
jwy — ) > >
Hiy(e™) { 0, otherwise

. e_jwnd ’w‘ < w
jwy ) > We
Hy(e™) _{ 0, we < lwl <7

pr(ejw) = Hlp(ej(w_wo)) + Hlp(ej(w+w0))
wherewy = %2“”1 andw, = “aswr

2
Hence,

sinwe(n — ng)

hpp[n] = 2hyy, cos won = 2 COS won

m(n = nq)

(b) Solution: . . .
Hyy(") = Hip(e™) = Hipa(e™)
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where .
. e Jwnd |w| < wp,
Jw) — 9 =
Hipr(e™) { 0, wp<|w<n
Jw) — ) =
Hgofe™) { 0, w<lw<n

9. MATLAB function:

function [grp,omegal = mygrpdelay(b,a)
% Implement equation (5.89) to compute group delay
p = roots(a);

p = p(:);
N = size(p,1);
r = abs(p);

phi = angle(p);

z = roots(b);
z =z(:);

M = size(z,1);
q = abs(z);

theta = angle(z);

K = 1024;
omega = 2*pix(0:K-1)/K;

r_epd = repmat(r,1,K);

phi_epd = repmat(phi,1,K);

q_epd = repmat(q,1,K);

theta_epd = repmat(theta,1,K);

templ = cos(repmat(omega,N,1)-phi_epd);
temp2 = cos(repmat (omega,M,1)-theta_epd);

sum( (r_epd. 2-r_epd.*templ) ./ (1+r_epd. 2-2*r_epd.*templ),1);
-grp + sum((q_epd. 2-q_epd.*temp2) ./ (1+q_epd. 2-2*q_epd.*temp2),1);

grp
grp
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Basic Problems

23. (a) Solution:
The frequency response is

: b
H(e) = : :
() = =58 = — 0810w
(b) Solution:
b =0.1702.
Magnitude Response
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FIGURE 5.52: Magnitude response.

(c) See plot below.

Phase Response Unwrapped Phase Response
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FIGURE 5.53: Wrapped and the unwrapped phase responses.

(d) Solution:

n

n T sIn _sTn
_|__ e -]3

3 LL):eJ‘%eJT%-e_j

el

x[n] = 2 cos(
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yln] = ej%ej%H(eJ%) + e_j%e_j%nH(e_jg)

™m
=2 x 0.0577 e
X cos( 3 +7

™ s
__|__

-2 . i
) x 0.0809 sin ( 3 4)

258

Analytical Filter Output
T
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FIGURE 5.54: Analytical responsgn] to the inputz|n] = 2 cos(mn/3 + 45°).

(e) See plot below.

Numerical Filter Output
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FIGURE 5.55: Numerical respongén| to the inputz[n] = 2 cos(mn/3 + 45°).

24. (a) Solution:
The frequency response is:
Y(el) b b

Jw) — _ _
H(e™) = X(elw) ~ 1+ae 2% 1+acos2w — ajsin2w

The magnitude response is:

0] _ 0]
V(1 +acos2w)? 4+ a?sin?2w V1 4+ a? + 2acos 2w

[H(e)| =
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Group Delay by 'mygrpdelay’
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FIGURE 5.85: Group delay of the system usingMAB functionmygrpdelay.

q_epd = repmat(q,1,K);

theta_epd = repmat(theta,1,K);

templ = cos(repmat(omega,N,1)-phi_epd);
temp2 = cos(repmat (omega,M,1)-theta_epd);

grp = sum((r_epd. 2-r_epd.*templ) ./ (1+r_epd. 2-2*r_epd.*templ),1);
grp = -grp + sum((q_epd. 2-q_epd.*temp2)./(1+q_epd. 2-2*q_epd.*temp2),1);
35. (a) Solution:
Y(z) -1
(2) X0) -z

H(e®)=1-a-e ¥ =1-acosw+ jasinw

AH(ejw) — tan ! ﬂ
1 —acosw
—d/H(e) + 2k
ng(&]) = dw
B 1 acosw(l — acosw) — asinw - asinw
T ~ 2 1 — acosw)?
1+ (r2zer) | )
o’ —acosw
T 1+ 0a? —2acosw
(b) Solution:
Y (2) 1
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) 1 1
H(e™) = — = —
l—a-e7® 1 —acosw—+ jasinw
AH(ejw) — —tan~ ! asii
1 —acosw
—déH(ej"J) + 2k
Ted(w) = dw
B 1 acosw(l — acosw) — asinw - asinw
- _ 2 _ 2
() )
_ —a? + acosw
T 14 0a? —2acosw
(c) Solution:
Y(2) 1
H = g
(2) X(z) 1—2acosgz"t+a?272
: 1
H(e™) =

1 — 2acos pe— v + aZe—2iw
1
(1 — 2accos ¢ cosw + a2 cos 2w) + j(2c cos psinw — a2 sin 2w)

20r cos g sinw — o sin 2w

ZH(e™) = —tan™!
(e*) a 1 — 2a cos ¢ cos w + a2 cos 2w

—d/H(e) + 2k
dw
(2ar cos ¢ cos w — 2a? cos 2w) (1 — 2arcos ¢ cos w + a? cos 2w) — (2acos psinw — a? sin 2w) (2ar cos P sinw — 2a? sin 2w)

Ted(w) =

(2accos psinw — a? sin 2w)? + (1 — 2accos ¢ cos w + a? cos 2w)?

403 cos ¢ cosw — 2a? — 4a? cos® ¢ + 2a3 sin w sin 2w + 2a: cos ¢ cos w + 2a? cos ¢ cos w cos 2w — 202 cos 2w

402 cos? ¢+ 1+ a* — 4a? cos ¢ cosw — 4a cos ¢ cos w + 22 cos 2w
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46. (a) Solution:
The frequency response of the system is:

Y(ej“’) B 1 — e 4w
X(ejw) 14 0.8le 2w 4+ (.6561e4iw

H(ej‘”) =

(b) See plot below.

Magnitude Response Magnitude Response (dB)
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FIGURE 5.117: Magnitude and the dB-Gain responses of thersys

(c) See plot below.

Phase Response

-1F ——wrapped phase
——unwrapped phse

-1 -0.5 0 0.5 1
W/t

FIGURE 5.118: Wrapped and the unwrapped phase respondss gfttem.

(d) Solution:

T _3yr T 1 _yT T 1 T _ 3T
z[n] = elsel2" e I3 J2"+?e J4eJ4"—?eJ4€ an
J J



CHAPTER 5. Transform Analysis of LTI Systems 302

1T 3T ;T iy 1T 1T 1 1T 3T ;T 1 iy 1T 1T
yln) = oTREIH(I3) + ¢ ITeTITMH (¢7IE) + oo IRl H(eIT) — el eI (071
J J

V2 2. 1 o V2 V2, 1 imp,
= (%5 5 Viam —0a " 5 D game e
2 2 770.3439 — j0.81 2 2 770.3439 + j0.81
(e) See plot below.

Output Sequence y[n]

6 T T T
— Analytical Solution
4 ,\ h —— Numerical Verification
| \
|

FIGURE 5.119: MaTLAB verification of the steady-state response:[i@)].

47. (a) Solution:

(z) 1 gy 2 1 ! 2
x — i kn n, — kn
c :anox[n]e TN = E)nZ::l(—Of)) e N
11— (-1/2)°
= - ( /23 , 0<k<5b
514 Le iFk
(b) Solution:
clgy) = c,(f)H(ej%ﬂk)
(c) Solution:
4
Yss[n] = Zc,&m)H(ej%k)e%ﬂk"
k=0

(d) See plot below.
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Analytical Phase Response Numerical Phase Response

4 4
2r 2

s s

ER | ER

4 \ 4 \
_2. 4 _2.
_4 L L L _4 n n n
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5

W/t W/t

(a) (b)

FIGURE 5.126: Phase responses plot (a) Analytical formiilpNumerical plot.

50. (a) See plot below.

Magnitude Response Phase Response
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FIGURE 5.127: Magnitude and phase responses of the sysiamfiiqz.

(b) See plot below.
(c) See plot below.
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Magnitude Response Phase Response
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FIGURE 5.128: Magnitude and phase responses of the sysiagfiiqz0.

Magnitude Response Phase Response
15 2
1
_ 1
= 5
3, 2
= T
== ]
0.5
-1
0 Y
0 0.5 1 15 2 0 0.5 1 15
Tt WITt

FIGURE 5.129: Magnitude and phase responses of the systang us
[mag,pha,omegal =myfreqz(b,a).

51. (a) See plot below.
(b) See plot below.
(c) See plot below.
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65. (a) Solution:
P 37
ZEeros: z; = elz,z9 = el
;2w _j2m
poles: py =rels ,po =re I
The system function is:

(1—el2z71)(1 - ej%ﬂz_l)

H(z) = bo P r
(1—rel% 2=1)(1 — rei% 1)

(b) See plot below.

Magnitude Response

1/sqrt(2)

IHE®)

FIGURE 5.151: Magnitude response of the filter.

(c) See plot below.
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15
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FIGURE 5.152: Phase and group-delay responses of the filter.

66. (a) Solution:
H(Z) = Hmin(z) : Hap(z)
where
2.7 —21z71 4272 1—-21z71 427272
Hyin(2) = 1 —2> Hap(z) = 1 2
1+ 0.3126z—+ + 0.81z 2.7 —-21z71 + 2

(b) See plot below.
(c) See plot below.
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Magnitude Response Phase Response
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FIGURE 5.155: Magnitude and phase responses of the system.

y(t) = 4H(0) — gei%eim H(47) — ge—J%e—J‘*ﬂH(—zlw) + %eizoﬂtﬂ(zow)
— %e—ﬂo’”H (—207)

68. Solution:
ChooseD = 5.

Input Sequence x[n]

1
+ T T T

0.8 1

0.6~ 1

0.4 N

0.2~ i

FIGURE 5.156: Input sequence (i).
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Output Sequence y[n] of H(z)
0.8 .
0.6 .
0.4 i
7L |
0 T T T ? ® ® 0y 'Y 8. " 4
0 10 20 30 40 50 60 70 80 90 100
n
Output Sequence y[n] of I-ép(z)
1 T T T T T T T T T
0.5- { .
Olecee ----T----T----T----?----,----’ () ) o,

-0.5F .
o 10 20 30 20 50 50 70 80 %0 100
n

FIGURE 5.157: Output sequences to input (i).
Input Sequence x[n]
0.8 1
0.6[ 1
0.4H 1
0.2H _
GO fO 50 (;0 ;0 E:O (;0 ;O E:O E;O 100

FIGURE 5.158: Input sequence (ii).
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Output Sequence y[n] of H(z)

0.8H .
0.6H .
0.4H .
Sl |
0 NNTTTTTTTTTTT?????Q””M ‘ ‘ ‘
0 10 20 30 40 50 60 70 80 90 100
n
Output Sequence y[n] of I-Ap(z)
1 T T T T T T T T T
0.5 .
o WWWTTTTTTTTTT?????Tm YYYYY
-0.5 4
o 10 20 30 20 50 50 70 80 %0 100
n
FIGURE 5.159: Output sequences to input (ii).
Input Sequence x[n]
4+ K3 -
3, -
oL ]
T{ h |
0 fO ;O (;0 ;0 E:O (;0 ;O E;O E;O 100

FIGURE 5.160: Input sequence (iii).
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Output Sequence y[n] of H(z)
6 T T T T T T T T
aF i
il |
ﬂ [[IIIIIITTTITTTTTTTTT [[TTT??9920000000 Py é é
0 10 20 30 40 50 60 70 80 90 100
n
Output Sequence y[n] of I-Ap(z)
4 T T T T T T T T T
Tl |
OT IIIIITTTTTTTTTTTTTTTTTTT rrrrrrr
il
_2_ -
0 10 20 30 20 50 50 70 80 %0 100

FIGURE 5.161: Output sequences to input (iii).
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Review Problems
69. tba
70. (a) Solution:

24723 42022 4292 + 15

G2 = 515 13632 + 2.015: 1 0.63

(b) tba.



