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% plot(t,x3)

% xlabel(’t’,’fontsize’,LFS)

% ylabel(’x_3(t)’,’fontsize’,LFS)

% sum(x3.*2/N)

%% Part (d):

t = linspace(0,0.01,N);

x4 = 4*sin(100*pi*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 ofx(t) is T = 2.
∫ 2

0
sin(3πt)dt =

∫ 2

0
cos(8πt+π/3)dt =

∫ 2

0
sin(3πt) cos(8πt+π/3)dt = 0

Pav =
1

T

∫ 2

0
|x(t)|2dt

=
1

2

∫ 2

0
4dt+

1

2

∫ 2

0
16 cos2(3πt− π/2)dt +

1

2

∫ 2

0
36 cos2(8πt+ π/3)dt

= 4 + 8

∫ 2

0

1− cos(6πt− π)

2
dt+ 18

∫ 2

0

1− cos(16πt+ 2π/3)

2
dt

= 30

(b) Solution:

Ω0 = 2π · 1
T

= π

(c) Solution:

x(t) = 2e j0πt+2e− jπ
2 ej3πt+2e j

π

2 e−j3πt+3e j
π

3 ej8πt+3e− jπ
3 e−j8πt

c0 = 2, c3 = 2e− jπ
2 , c−3 = 2e j

π

2 , c8 = 3e j
π

3 , c−8 = 3e− jπ
3 .

(d) Solution:

Pav =

∞
∑

k=−∞

|ck|2 = 30

which verifies our computation in part (a).
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FIGURE 4.5: (a) Magnitude response ofx(t). (b) Phase response ofx(t). (c)
Power spectra ofx(t).
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9. (a) Solution:

X( j2πF ) =

∫ ∞

−∞
x(t)e− j2πF tdt =

∫ ∞

−∞

2 sin 2πt

2πt
e− j2πF tdt

=

{

1, −1 < F < 1
0, otherwise

(b) Solution:

ck = 4

∫ 1

80

− 1

80

1 · e− j2πkF0tdt = 4 · e
− j2πkF0t

− j2πkF0

∣

∣

∣

∣

∣

1

80

− 1

80

=
sin π

10k

πk

(c) Solution:

Xs( j2πF ) =

∞
∑

k=−∞

sin π
10k

πk
·X[ j2π(F − 4k)]
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FIGURE 4.8: (a) Plot of CTFTX( j2πF ). (b) Plot of CTFS coefficientsck. (c)
Plot of CTFTXs( j2πF ).
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FIGURE 4.14: Magnitude and phase spectra of periodic sequencex6[n] = 1 for all
n.

12. Solution:
(a)

X1(ω) =
1

1− e− jω
+

∞
∑

k=−∞

πδ(ω − 2kπ)
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FIGURE 4.15: Magnitude and phase response for sequencex1[n] = u[n].
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(b)

x2[n] =
1

2

(

e jω0n + e− jω0n
)

u[n]

=
1/2

1− e− j(ω−π

3
)
+

1

2

∞
∑

k=−∞

πδ(ω − π

3
− 2kπ)

1/2

1− e− j(ω+π

3
)
+

1

2

∞
∑

k=−∞

πδ(ω +
π

3
− 2kπ)
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FIGURE 4.16: Magnitude and phase response for sequencex2[n] = cos(ω0n)u[n],
ω0 = π/3.

13. (a) Solution:

x1[n] = (1/2)|n|
(

1

2
e jπ(n−1)/8 +

1

2
e− jπ(n−1)/8

)

DTFT
{

(1/2)|n|
}

=
∞
∑

n=−∞

(1/2)|n|e− jωn

=
−1
∑

n=−∞

(1/2)−ne− jωn + 1 +
∞
∑

n=1

(1/2)ne− jωn

=
3/2

5/4 − cosω

X1(ω) =
1

2
e jπ/8

3/2

5/4 − cos(ω − π/8)
+

1

2
e− jπ/8 3/2

5/4− cos(ω + π/8)
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FIGURE 4.20: Plot of the correlationrxy[ℓ] and correlation coefficientρxy[ℓ] be-
tween the two signals.

18. (a) Solution:

rxy[ℓ] =

∞
∑

n=−∞

(0.9)nu[n](0.9)n−ℓu[n− ℓ]

= u[−ℓ− 1]

∞
∑

n=0

(0.9)2n−ℓ + u[ℓ]

ℓ
∑

n=0

(0.9)ℓ

=
1

1− 0.92

(

0.9−ℓu[−ℓ− 1] + 0.9ℓu[ℓ]
)

Ex =

∞
∑

n=0

|(0.9)n|2 = 1

1− 0.92
, Ey = Ex

ρxy[ℓ] =
rxy[ℓ]√
Ex

√

Ey

= 0.9−ℓu[−ℓ− 1] + 0.9ℓu[ℓ]

(b) Solution:

rxy[ℓ] =
∞
∑

n=−∞

(0.9)nu[n](0.9)−n+ℓu[−n+ ℓ]

= u[ℓ]

∞
∑

n=ℓ

(0.9)2n−ℓ = (ℓ+ 1)(0.9)ℓu[ℓ]

Ex =

∞
∑

n=0

|(0.9)n|2 = 1

1− 0.92
, Ey = Ex

ρxy[ℓ] =
rxy[ℓ]√
Ex

√

Ey

= (1− 0.9)2(ℓ+ 1)(0.9)ℓu[ℓ]
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(c) Solution:

rxy[ℓ] =

∞
∑

n=−∞

(0.9)nu[n](0.9)n+5−ℓu[n+ 5− ℓ]

= u[−ℓ+ 4]

∞
∑

n=0

(0.9)2n+5−ℓ + u[ℓ− 5]

∞
∑

n=ℓ−5

(0.9)2n+5−ℓ

=
1

1− 0.92

(

0.95−ℓu[−ℓ+ 4] + 0.9ℓ−5u[ℓ− 5]
)

Ex =

∞
∑

n=0

|(0.9)n|2 = 1

1− 0.92
, Ey = Ex

ρxy[ℓ] =
(

0.95−ℓu[−ℓ+ 4] + 0.9ℓ−5u[ℓ− 5]
)

19. function [rxy,l] = ccrs(x,nx,y,ny)

% P0419: Define function computing correlation rxy

% between two finite length signals

% % Verification:

% nx = -2:2;

% ny = -2:2;

% x = [1 2 3 2 1];

% y = [2 1 0 -1 -2];

[rxy l] = conv0(x(:),nx(:),flipud(y(:)),sort(-ny));
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Basic Problems

20. Solution:

x1[n] = x1[n+mN1], x2[n] = x1[n+mN2], m = 0,±1,±2, . . .

x[n+N1N2] = x1[n+N1N2] + x2[n+N1N2] = x1[n] + x2[n] = x[n]

x[n] is always periodic, and the fundamental periodN is the least common
multiple ofN1, N2.

21. (a) Solution:

T1 =
2π

3π
=

2

3
, T2 =

2π

4
=

π

2

x1(t) is aperiodic.

(b) Solution:

N =
2π

0.1π
= 20

x2[n] is periodic with fundamental periodN = 20.

(c) Solution:

T1 =
2π

3000π
=

1

1500
, T2 =

2π

2000π
=

1

1000

x3(t) is periodic with fundamental periodT = 1
500 .

(d) Solution:

N1 =
2π

1/11
= 22π

x4[n] is aperiodic.

(e) Solution:

N1 =
2π

π/5
= 10, N2 =

2π

π/6
= 12, N =

2π

π/2
= 4

x5[n] is periodic with fundamental periodN = 60.

22. (a) Solution:

x(t) = cos(15πt) =⇒ x[n] = x(nT ) = cos(15πnT )

N =
2π

15πT
=

2

15T

T is a rational number so thatx[n] is periodic.
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FIGURE 4.31: Magnitude and phase spectra of periodic sequencex5[n].

27. (a) Solution:

1

N

N−1
∑

n=0

x[n−n0]e
− j 2π

N
kn =

1

N

N−1+n0
∑

n=n0

x[n]e− j 2π
N

kn·e j 2πN kn0 = e− j 2π
N

kn0ak

(b) Solution:

1

N

N−1
∑

n=0

(x[n]− x[n− 1])e− j 2π
N

kn = ak − e j
2π

N
kak

(c) Solution:

1

N

N−1
∑

n=0

(−1)nx[n]e− j 2π
N

kn =
1

N

N−1
∑

n=0

e jnπx[n]e− j 2π
N

kn

=
1

N

N−1
∑

n=0

x[n]e− j 2π
N
(k−N

2
)n = ak−N

2

(d) tba

28. (a) Solution:
y[n] = |x[n]|2 = x[n] · x∗[n]
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35. (a) Proof:

rxy[ℓ] =

∞
∑

n=−∞

x[n]y[n− ℓ], −∞ ≤ ℓ ≤ ∞

Rxy(ω) =

∞
∑

ℓ=−∞

rxy[ℓ]e
− jωℓ =

∞
∑

ℓ=−∞

∞
∑

n=−∞

x[n]y[n− ℓ]e− jωℓ

=

∞
∑

n=−∞

x[n]

(

∞
∑

ℓ=−∞

y[n− ℓ]e− jωℓ

)

=
∞
∑

n=−∞

x[n]e− jωn

(

∞
∑

ℓ=−∞

y[n− ℓ]e− jω(ℓ−n)

)

=

(

∞
∑

n=−∞

x[n]e− jωn

)(

∞
∑

m=−∞

y[m]e jωm

)

= X
(

e jω
)

Y
(

e− jω
)

(b) Proof:
Rx(ω) = X

(

e jω
)

X
(

e− jω
)

Sincex[n] is real,X
(

e− jω
)

= X
(

e jω
)∗

, hence

Rx(ω) = |X
(

e jω
)

|2

36. (a) See plot below.

(b) Comments:
The larger the delayD is, the smaller the correspondentrxy[ℓ] will be.
Hence, we can distinguish the delayD from the observation ofrxy[ℓ].

% P0436: Compute and plot correlation between x[n] and y[n]

% close all; clc

nx = -200:200;

xn = sin(0.2*pi*nx);

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

wn = sqrt(0.1)*wn;

D = 10;

% D = 20;

% D = 50;
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44. (a) Solution:

ck =
1

7

5
∑

n=−1

x1[n]e
− j 2π

7
kn

=
1

7

(

e j
2π

7
k + 2 + 3e− j 2π

7
k + 3e− j 2π

7
k·2 + 3e− j 2π

7
k·3 + 2e− j 2π

7
k·4 + e− j 2π

7
k·5
)
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FIGURE 4.41: Magnitude and phase spectra of periodic sequencex1[n].

(b) Solution:

ck =
1

10

4
∑

n=−5

x2[n]e
− j 2π

10
kn

= (− j

5
)

4
∑

n=1

sin(0.2πn) sin(0.2πkn)
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FIGURE 4.42: Magnitude and phase spectra of periodic sequencex2[n].
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(c) Solution:

x3[n] = e j2πn/7 + e jπn/3 + e jπn/7

= e j
2π

42
n·6 + e j

2π

42
n·7 + e j

2π

42
n·3

ck = 1, k = 3, 6, 7
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FIGURE 4.43: Magnitude and phase spectra of periodic sequencex3[n].

(d) Solution:

ck =
1

8

7
∑

n=0

x4[n]e
− j 2π

8
kn

=
1

8

(

1 + 2e− jπ
4
k + 3e− jπ

4
k·2 + 4e− jπ

4
k·3 + 5e− jπ

4
k·4 + 6e− jπ

4
k·5 + 7e− jπ

4
k·6 + 8e− jπ

4
k·7
)
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FIGURE 4.44: Magnitude and phase spectra of periodic sequencex4[n].
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(e) Solution:

ck =
1

2

1
∑

n=0

x5[n]e
− j 2π

2
kn

=
1

2
(1 · 1− 1 · e− jπk) =

1

2
(1− cos πk)
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FIGURE 4.45: Magnitude and phase spectra of periodic sequencex5[n].

45. (a) Solution:

bk = ak(e
jk 2π

N + 2 + e− jk 2π

N ) = 2ak(1 + cos(
2π

N
k))

(b) Solution:
e− j6πn/Nx[n− 2] = e− j 2π

N
n3x[n− 2]

bk = ak+3e
− j 2π

N
(k+3)2

(c) Solution:

3 cos(2π5n/N)x[−n] =
3

2

(

e j
2π

N
n5 + e− j 2π

N
n5
)

x[−n]

bk =
3

2
a−(k−5) +

3

2
a−(k+5)

(d) Solution:
bk = ak + a∗k
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55. (a) Solution:

ry[ℓ] =

∞
∑

n=−∞

y[n]y[n− ℓ] =

∞
∑

n=−∞

(x[n] + ax[n−D])(x[n − ℓ] + ax[n−D − ℓ])

=

∞
∑

n=−∞

(x[n]x[n− ℓ] + x[n] · a · x[n−D − ℓ] + a · x[n−D]x[n− ℓ]

+a2 · x[n−D]x[n−D − ℓ]
)

= (1 + a2)rx[ℓ] + a · rx[ℓ+D] + a · rx[ℓ−D]

(b) See plot below.
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FIGURE 4.52: Plot of autocorrelationry[ℓ].

(c) tba
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Review Problems

56. See book companion toolbox.

57. (a) Solution:

ck =

∫ 0.5

−0.5

1− 4|t|
2

e− j2πktdt

=

∫ 0

−0.5

1 + 4t

2
e− j2πktdt+

∫ 0.5

0

1− 4t

2
e− j2πktdt

=

∫ 0.5

0
(1− 4t) cos 2πktdt

=
1− cosπk

π2k2

(b) See plot below.
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FIGURE 4.53: Plot of (a) original periodic signalx(t) and (b) DTFTC
(

e jω
)

.

(c) Solution:
x(t) = C

(

e j2πt
)

(d) tba


