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% plot(t,x3)

% xlabel(’t’,’fontsize’,LFS)

% ylabel(’x_3(t)’,’fontsize’ ,LFS)
% sum(x3.*2/N)

h% Part (d):

t = linspace(0,0.01,N);

x4 = 4xsin(100*pix*t) .*2.*cos(400*pi*t);
hf = figconfg(’P0403’,’small’);
plot(t,x4)

xlabel(’t’,’fontsize’ ,LFS)
ylabel(’x_4(t)’,’fontsize’ ,LFS)
sum(x4.*0.01/N)

4. (a) Solution:
The fundamental period of(t) is T = 2.

2 2 2
/ sin(3nt)dt = / cos(8mt+m/3)dt = / sin(37t) cos(8mt+m/3)dt = 0
0 0 0

P - 1/2 (1)t
av — T 0
1

2 2 2
1 1
= —/ 4dt—|—§/ 16COSZ(37Tt—7T/2)dt+§/ 36 cos? (8t 4 7/3)dt
0 0 0

2
21 B 9.
24—1—8/ 1 — cos(6mt 7T)dt—|—18/ 1 cos(167rt+27r/3)dt
0 2 0 2
=30
(b) Solution:
1
Qo =27 - T =T
(c) Solution:

. Ca s . I
z(t) = 260 42712 3 | 9610 I3 | )5 @I8T | 3075 g8

1T i 1T i
co=2,c3=2¢ 32, c_3=2el2,c3 =33, c_g =3¢ 5.

(d) Solution:
Po= > lexl* =30

k=—00

which verifies our computation in part (a).
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Magnitude Response

3
2.5
2.
G 1.5
1.
0.5t
~16-9-8-7-6-5-4-3-2-1 0 /1 2345678910
0
@
Phase Response
kT
1.
ox L g 00 & 00 0 ¢ 00 & L g
]
_1.
_—LJ.(}9—8—7—6—5—4—3—2—%QO A2345678910
0'l'[
(b)
Power Spectra
1w
[ [ ]
8.
o 6-
o
4.
2 ( { (
-16-9-8-7-6-5-4- 3210 12345678910

FIGURE 4.5: (a) Magnitude response ©ft). (b) Phase response oft).

Power spectra of (¢).
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9. (a) Solution:

X(j2nF) = / h ye d2mEL g — / 722t jaert gy
IS o 2wt
1, -1<F<1
0, otherwise

(b) Solution:

1
—j2rkFot |80
80 s e J 0
ck=4/ 1. e 2mkfotgy — 4.

sm 10k
L — 2wk Fy N wk

80

(c) Solution:

. >, sin Tk )
X,(j2rF) = Y T}: - X[j2r(F — 4k)]

k=—o00
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CTFT X(j2 1F)
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FIGURE 4.8: (a) Plot of CTFTIX (j27F). (b) Plot of CTFS coefficients;. (c)
Plot of CTFT X (j27F).



CHAPTER 4. Fourier Representation of Signals 164

Magnitude Spectra Phase Spectra
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FIGURE 4.14: Magnitude and phase spectra of periodic seguein| = 1 for all
n.
12. Solution:
(a)
1 [e.9]
X = — s — 2km
1) = =+ D mo(w - 2kn)
k=—00
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40 2
30 1 1
20, 1 0
10, 1 -1
o ! ! ! )
-3 -2 -1 0 1 2 3 =3 -2 -1 0 1 2

Tt WITt

FIGURE 4.15: Magnitude and phase response for sequefiag= u[n].



CHAPTER 4. Fourier Representation of Signals 165

(b)
xo[n] = 1 (e10m 4 e Iw0m) y[p]
2
1/2 1 & 77
k=—o00
1/2 1 & T
P D) + 5 Z mo(w + 3~ 2km)
=—00
Magnitude Spectra Phase Spectra

20 2
15 . 1
10 . 0
5 : -1
L a— 0 1 2 3 R a— 0 1 2 3

Tt W/t

FIGURE 4.16: Magnitude and phase response for sequesiee= cos(won)u[n],
wo = 7/3.

13. (a) Solution:

1 1 .
xl[n] = (1/2)|n\ <§eJ7T(n—1)/8 + §e—J7r(n—1)/8>

DTFT{(l/z)W} - i (1/2)"ein
1 00

= > (/2 me 14 (1/2) e

n=—o00 n=1
32
= 5 cosw
1 3/2 - 3/2

Hw) =3¢ /85/4 — cos(w — 7/8) T3 /85/4 — cos(w +7/8)
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Correlation rxy[l] Correlation Coefficient pxy[l]
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FIGURE 4.20: Plot of the correlation,,[¢] and correlation coefficient,,[¢] be-
tween the two signals.

18. (a) Solution:

reyll] = nioo(O.Q)”u[n](OQ)"_gu[n — 4
= i 0.9)2n~¢ 4 ZZ:(OQ)Z
n= n=0
:1—092< 1) +0.9'(0)
Ew:Z|09 092, E, =E,
pyll] = \/T_y\[ﬁ], = 0.9 u[—¢ — 1] + 0.9%]¢]
(b) Solution:
rayll] = nij@(w)"u[n]<0-9)‘"“u[—n +4]
= /] 2(0 9)2"=f = (£ 4 1)(0.9) u[(]
x_Zyog 092, E,=E,
oyl

— Z’U,
polll = 2 7= = (1= 097 (E+ D(09) uld



CHAPTER 4. Fourier Representation of Signals 171

(c) Solution:
rayll] = Y (0.9)"u[n](0.9)" 7 uln + 5 — (]
— u[_g + 4] 2(0.9)271"1‘5—5 O 9 2n+5 4
n=0 n:Z 5
1
- m (0 9% u[—0 + 4] + 0.9 D[l — 5])
1
m—Z|09 092, Ey:Egc

payll] = (o 95~ Cu[—f + 4] + 0.9 %[l — 5])

19. function [rxy,1l] = ccrs(x,nx,y,ny)
% P0419: Define function computing correlation rxy

/A between two finite length signals
% % Verification:

% nx = -2:2;

% ny = -2:2;

% x=[12321];

hy=1[210-1-2];

[rxy 1] = convO(x(:),nx(:),flipud(y(:)),sort(-ny));
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Basic Problems

20. Solution:
zi[n] = z1[n +mNy|, wz2n] =zi[n+mNs], m=0,+1,£2,...

x[n 4+ N1No] = z1[n + N1 No| + z2[n + N1 No| = z1[n] + z2[n] = z[n]

x[n] is always periodic, and the fundamental perigds the least common
multiple of Ny, Ns.

21. (a) Solution:

[ 2 g T
3 3 4 2
x1(t) is aperiodic.
(b) Solution:
2
= =20
0.17
xo[n] is periodic with fundamental periodf’ = 20.
(c) Solution:
2
- :L, T, = 2r _ 1
30007 1500 20007 1000
x5(t) is periodic with fundamental peridl = =1.
(d) Solution:
2
= =22
Loy T
x4[n] is aperiodic.
(e) Solution:
2 27 2
Ni=—7—=10, No=—F=12, N=—-=41
YE ’ >T 7/6 ’ /2

x5[n] is periodic with fundamental periodf’ = 60.
22. (a) Solution:
x(t) = cos(15mt) = z[n| = x(nT) = cos(15mnT)

22
- 1577 15T
T is a rational number so thafn] is periodic.
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Magnitude Spectra Phase Spectra
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FIGURE 4.31: Magnitude and phase spectra of periodic segueiin|.

27. (a) Solution:

1 N-1 ) 1 N—14ng . ,
N Zw[n 710]6 jRFkn _ N Z x[n]e N kn kno — e—JW”knoak
n=0 n=ng
(b) Solution:
1 N—1 , i
N Z n] = axn = 1])e IV = ) — TN Py,
n=0
(c) Solution:
1 N—1 . ]
_ _1\n ”kn_ Jnﬂ— kn
F 2 (el R = 5 Z :
n=
1 N—1 12 )
I —ixg (k=5 )n _
N x[n]e N T2 a_

(d) tba
28. (a) Solution:
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35. (a) Proof:

ragll) = Y alnlyln — 4, oo << oo

n=—oo

(e} [e.e] o0

Ryy(w) = Z Tmy[ﬁle_j‘“fz Z Z m[n]y[n—ﬁ]e_jwz

{=—00 {=—00N=—00

=) ol ( > y[n—aeﬂ“>

n=—oo l=—00

= Z x[n]eiwn ( Z y[n—@]e‘j“’(z—”)>

n=—oo /=—00

— < E: xhﬂe_”m> ( E: gﬂnﬂ@“m>

n=—o00 m=-—o00

= X(e) ()

(b) Proof:

36. (a) See plot below.

(b) Comments:
The larger the delay is, the smaller the correspondent, [¢] will be.
Hence, we can distinguish the del&yfrom the observation of,,,[/].

% P0436: Compute and plot correlation between x[n] and yl[n]
% close all; clc

nx = -200:200;

xn = sin(0.2*pi*nx);

wn = randn(1l,length(xn));

wn = sqrt(0.1)*wn;

D = 10;
% D = 20;
% D = 50;
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44. (a) Solution:
1< i
=7 Y mnle T

n=-—1

= % (ejz?ﬂk +2+ 3ei 7k + 3o i k2 + 3o 7 k3 + 9e~ ik + e‘jQTﬂkﬁ)

Magnitude Spectra Phase Spectra

FIGURE 4.41: Magnitude and phase spectra of periodic seguearn|.

(b) Solution:
1 < i
=15 D Talnle I
n=-—>5
. 4
= (—%) Z sin(0.27n) sin(0.27kn)
n=1
Magnitude Spectra Phase Spectra
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FIGURE 4.42: Magnitude and phase spectra of periodic segueiin)|.
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(c) Solution:
.1'3[71] _ eJ27I’TL/7 + eyrn/3 + eyrn/?
227 227 227
— eJEn-G + e‘]ETL"?_'_ eJEn-?)
=1 k=3,6,7
Magnitude Spectra Phase Spectra
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FIGURE 4.43: Magnitude and phase spectra of periodic seguesin|.
(d) Solution:

1 r 2
k== E z4[n]e ITHFn
8
n=0

= L (1 +2e 71Tk 4 3e7ITR2 4 4o I TR | 5o ITk | g I TR 7o iTRO 4 8e_j%k'7)

8
Magnitude Spectra Phase Spectra
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FIGURE 4.44: Magnitude and phase spectra of periodic seguefin|.
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(e) Solution:
1 ¢ 2
_ - —j=Fkn
k= 5 Z x5[nje™2
n=0
1 . 1
= 5(1 1—1-ei™) = 5(1 — cos k)
Magnitude Spectra Phase Spectra
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FIGURE 4.45: Magnitude and phase spectra of periodic segueiin|.

45. (a) Solution:
2 o 2m 2
by, = ak(eJkQW +2+ e_JkQW) = 2a,(1 + cos(ﬁﬂk‘))
(b) Solution:
. 227
e IN pln — 2] = eIV x[n — 2]
by = ak+3e—j%’r(k+3)2

(c) Solution:
3cos(2mbn/N)z[—n] = g (ej%ﬂ"‘:’ + e_j%"‘r’) x[—n]

3 3
b = 5 0—(k=5) T 50—(k+5)

(d) Solution:
by = ax + a,
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55. (a) Solution:

o0 o0

rylll = > ylnlyln — £ = > (z[n] + az[n — D)) (z[n — £] + azxln — D — £])
= Z (z[n]z[n — )+ z[n]-a-zn—D -+ a-xn— D]zn—1{

+a” - z[n — D]z[n — D — {])
= (14 a®)r[l] +a-r.[l + D] +a-r[l — D]
(b) See plot below.

Autocorrelation ry[l]
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FIGURE 4.52: Plot of autocorrelatior, [/].

(c) tha
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Review Problems
56. See book companion toolbox.
57. (a) Solution:

0.5
1 -4t _.
-0.5

0 0.5
_ / LA ke / L4t okt gy

0.5
= / (1 — 4t) cos 2mktdt
0

1 — cosmk
T g2
(b) See plot below.

Original Periodic Signal: x(t)
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FIGURE 4.53: Plot of (a) original periodic signa(t) and (b) DTFTC(e)).

(c) Solution:
x(t) = C’(ejzﬂt)
(d) tba



