
ECEN 314: Signals and Systems - Homework 3 Solutions

• Date Assigned: Monday June 8, 2018

• Date Due: Wednesday, June 15, 2018

I Reading Exercise

Chapter 1 - sections 1.3 to 1.6

II Problems

1. (1.6) Determine whether or not each of the following signals is periodic:

(b) x[n] = u[n] + u[−n]

(c) x[n] =
∑+∞

k=−∞{δ[n− 4k]− δ[n− 1− 4k]}

Solution :

b

x2[n] = 1 for all n except x2[0] = 2. Therefore, it is not periodic.

c

x3[n] is as shown below.

Therefore, it is periodic with a fundamental period of 4.

2. (1.7) For each signal given below, determine all the values of the independent variable at
which the even part of the signal is guaranteed to be zero

(a) x[n] = u[n]− u[n− 4]

(b) x(t) = sin(12 t)

(c) x[n] = (12)n u[n− 3]

(d) x(t) = e−5t u(t+ 2)

Solution :
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a

Ev{x1[n]} =
1

2
(x1[n] + x1[−n]) =

1

2
(u[n]− u[n− 4] + u[−n]− u[−n− 4])

Therefore, Ev{xn[n]} is zero for all |n| > 3

b

Since x2(t) is an odd signal, Evx2(t) is zero for all values of t.

c

Ev{x1[n]} =
1

2
(x1[n] + x1[−n]) = ∈[

(
1

2

)n

u[n− 3]−
(

1

2

)−n
u[−n− 3]]

Therefore, Ev{x3[n]} is zero when |n| < 3 and when |n| → ∞

d

Ev{x4(t)} =
1

2
(x4(t) + x4(−t)) =

1

2
[e−5tu(t+ 2)− e5tu(−t+ 2)]

Therefore, Ev{xr(t)} is zero only then |t| → ∞

3. (1.12) Consider the discrete-time signal

x[n] = 1−
∞∑
k=3

δ[n− 1− k]

Determine the values of the integers M and n0 so that x[n] may be expressed as

x[n] = u[Mn− n0].

Solution :

The signal x[n] is as shown below. x[n] can be obtained by flipping u[n] and then shifting
the flipped signal by 3 to the right. Therefore, x[n] = u[−n+ 3]. This implies that M = −1
and n0 = −3
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4. (1.13) Consider the continuous-time signal

x(t) = δ(t+ 2)− δ(t− 2)

Calculate the value of E∞ for the signal

y(t) =

∫ t

−∞
x(τ)dτ

Solution :

y(t) =

∫ t

−∞
x(τ)dτ =

∫ t

−∞
(δ(τ + 2)− δ(τ − 2)) dτ =


0, t < −2

1, −2 ≤ t ≤ 2

0, t > 2

Therefore,

E∞ =

∫ 2

−2
dt = 4

5. (1.20) A continuous-time linear system S with input x(t) and output y(t) yields the following
input-output pairs:

x(t) = ej2t
S−→ y(t) = ej3t

x(t) = e−j2t
S−→ y(t) = e−j3t

(a) If x1(t) = cos(2t), determine the corresponding output y1(t) for system S.

(b) If x2(t) = cos(2(t− 1
2)), determine the corresponding output y2(t) for system S.

Solution :
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a

Given
x(t) = ej2t → y(t) = ej3t

x(t) = e−j2t → y(t) = e−j3t

Since the system is linear,

x(t) =
1

2

(
ej2t + e−j2t

)
→ y1(t) =

1

2

(
ej3t + e−j3t

)
Therefore,

x1(t) = cos(2t)→ y1(t) = cos(3t)

b

We know that

x2(t) = cos

(
2

(
t− 1

2

))
=
e−jej2t + eje−j2t

2

Using the linearity property, we may once again write

x1(t) =
1

2
(e−jej2t + eje−j2t)→ y1(t)

1

2
(e−jej3t + eje−j3t) = cos(3t− 1)

Therefore,
x1(t) = cos(2(t− 1/2))→ y1(t) = cos(3t− 1)

6. (1.27) We have introduced a number of general properties of systems. In particular, a system
may or may not be

(1) Memoryless

(2) Time invariant

(3) Linear

(4) Causal

(5) Stable

Determine which of these properties hold and which do not hold for each of the following
continuous-time systems. Justify your answers. In each example, y(t) denotes the system
output and x(t) is the system input.

(a) y(t) = x(t− 2) + x(2− t)

(d) y(x) =

{
0, t < 0

x(t) + x(t− 2), t ≥ 0

(f) y(t) = x(t/3)

Solution :

4



a

Linear, stable

d

Linear, causal, stable

f

Linear, stable

7. (1.28) Determine which of the properties listed in Problem 1.27 hold and which do not hold
for each of the following discrete time systems. Justify your answers. In each example, y[n]
denotes the system output and x[n] is the system input.

(a) y[n] = x[−n]

(b) y[n] = x[n− 2]− 2x[n− 8]

(c) y[n] = nx[n]

Solution :

a

Linear, stable

b

Time invariant, linear, causal, stable

c

Memoryless, linear, causal

8. (1.31) In this problem, we illustrate one of the most important consequences of the prop-
erties of linearity and time invariance. Specifically, once we know the response of a linear
system or a linear time-invariant (LTI) system to a single input or the responses to several
inputs, we can directly compute the responses to many other input signals.

(a) Consider an LTI system whose response to the signal x1(t) in Figure 1(a) is the signal
y1(t) illustrated in Figure 1 (b). Determine and sketch carefully the response of the
system to the input x2(t) depicted in Figure 1(c).
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Figure 1: Figure- Q 1.31

(b) Determine and sketch the response of the system considered in part (a) to the input
x3(t) shown in figure 1(d).

Solution :

a

Note that x2(t) = x1(t)− x1(t− 2). Therefore, using the linearity we get y2(t) = y1(t)− y1(t− 2).
This is shown below.

b

Note that x3(t) = x1(t) + x1(t+ 1). Therefore, using the linearity we get y3(t) = y2(t) + y2(t+ 1).
This is shown below.
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III Optional - for those who want more challenging homework
problems

9. (1.33) Let x[n] be a discrete-time signal, and let

y1[n] = x[2n] and y2[n] =

{
x[n/2], n even

0, n odd

The signals y1[n] and y2[n] respectively represent in some sense the speeded up and slowed
down versions of x[n]. However, it should be noted that the discrete-time notions of speeded up
and slowed down have subtle differences with respect to their continuous-time counterparts.
Consider the following statements:

(1) If x[n] is periodic, then y1[n] is periodic.

(2) If y1[n] is periodic, then x[n] is periodic.

(3) If x[n] is periodic, then y2[n] is periodic.

(4) If y2[n] is periodic, then x[n] is periodic.

For each of these statements, determine whether it is true, and if so, determine the relationship
between the fundamental periods of the two signals considered in the statement. If the
statement is not true, produce a counterexample to it.

Solution :

(1) True. if x[n]=x[n+N], then y1[n] = y1[n + N0]. ie: periodic with period N0 = N/2 if N is
even, and periodic with period N0 = N if N is odd.

(2) False. y1[n] is periodic doesn’t imply x[n] is periodic. Say x[n] = g[n] + h[n] where,

g[n] =

{
1, n even

0, n odd

h[n] =

{
0, n even

(12)n, n odd

Then y1[n] = x[2n] is periodic but x[n] is clearly not periodic.

(3) True. x[n]=x[n+N]; y2[n+N0] = y2[n] where N0 = 2N

(4) True. y2[n+N ] = y2[n]; x[n+N0] = x[n] where N0 = N/2
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IV Optional MATLAB Exercises

10. Exercises 1-4 in the section marked Lab2 - Manipulating signals on http://signalsandsystems.

wikidot.com/matlab-assignments

11. Exercises 5-7 in the section marked Lab2 - Manipulating signals on http://signalsandsystems.

wikidot.com/matlab-assignments
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