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PROBLEM SPR-18-Q.3.1:

(a) (5 pts) The DTFT of a signal is

2ej!̂ � 1 + 2e�j!̂ + 2e�j3!̂

What is the time-domain signal?

(A) 4 cos (!̂n)� 1 + 2e�j3!̂n
(B) 2�[n+ 1]� 1 + 2�[n] + 2�[n� 1]

(C) 2�[n+ 1]� 1 + 2�[n� 1] + 2�[n� 3] (D) 2�[n+ 1]� �[n] + 2�[n� 1] + 2�[n� 3]

(E) 4�[n� 1] cos(!̂n)� �[n] + 2�[n� 3] (F) other

(b) (5 pts) Determine the DTFT of the following sum of two exponential signals

(�0.5)nu[n] + 2(0.8)nu[n]

(A) X(ej!̂) = 2

✓
1

1� 0.5e�j!̂

◆✓
1

1 + 0.8e�j!̂

◆
(B) X(ej!̂) = 2

1� 0.5e�j!̂ + 1
1 + 0.8e�j!̂

(C) X(ej!̂) = 2
1 + 0.5e�j!̂ � 1

1� 0.8e�j!̂ (D) X(ej!̂) = 1
1 + 0.5e�j!̂ + 2

1� 0.8e�j!̂

(E) X(ej!̂) = 2
1 + 0.5e�j!̂ + 1

1� 0.8e�j!̂ (F) X(ej!̂) = �1
1 + 0.5e�j!̂ + 2

1� 0.8e�j!̂

(G) X(ej!̂) = 1
1 + 0.5e�j!̂ + 1

1� 0.8e�j!̂ (H) X(ej!̂) = 2

✓
1

1 + 0.5e�j!̂

◆✓
1

1� 0.8e�j!̂

◆



(c) (14 pts) Use Parseval’s theorem (see the DTFT Properties Table) and the DTFT to evaluate:

•
1X

n=�1

�����
sin

�
⇡
4n

�

3⇡n

�����

2

• 3

Z ⇡

�⇡

����
sin (5!̂)

sin (!̂/2)

����
2



(d) (10 pts) Suppose a discrete-time LTI system has the frequency response

H(ej!̂) = �5 cos

✓
1

2
!̂

◆
exp

✓
�j

1

2
!̂

◆

Compute and simplify the convolution

y[n] =

p
2 cos

✓
⇡n+

3

16
⇡

◆
� 7

�
⇤ h[n],

where h[n] is the impulse response associated with H(ej!̂). (Note: you are not required to
find the impulse response to work this part.)



PROBLEM SPR-18-Q.3.2:
Each part of this problem is independent of the other parts.

(a) (6 pts) Determine the impulse response of the system:

y[n] = 400x[n� 1] + 400x[n� 5]

Give your answer as a stem plot.

-

6

0�1 1 2 3 4 5 6 7 n

Label all points

(b) (12 pts) Determine the frequency response of the FIR system:

y[n] = 400x[n� 1] + 400x[n� 5]

Give your answer as a formula in the following form: H(ej!̂) = e
�j�!̂

A cos(µ!̂)

by finding numerical values for A, � and µ.

A = � = µ =



(c) (12 pts) Suppose a linear, time-invariant system is characterized by its frequency response,

H(ej!̂) = 2e�j4!̂(3 + cos !̂)

Determine the impulse response, h[n].

Give your answer as a stem plot on the axis below.

-

6

0�1 1 2 3 4 5 6 7 n

Label all points

(d) (8 pts) Consider a discrete-time LTI system with impulse response given by:
h[n] = 0.5nu[n� 3].

• Is this system causal? Explain why or why not.

• Is this system stable? Explain why or why not.



PROBLEM SPR-18-Q.3.3:

Each part of this problem is independent of the others.

(a) (14 pts) Suppose we have some unknown linear, time-invariant system, S. When the input
to the system is

x1[n] = {. . . , 0,
n=0
1, 1, 2, 1, 1, 0, 0, . . .}

the output is

y1[n] = {. . . , 0,
n=0
2, 3, 3, 2,�1,�1,�2, 0, 0, . . .}

and when the input is

x2[n] = {. . . , 0,
n=0
1, 1, 0, 1, 1, 0, 0, . . .}

the output is

y2[n] = {. . . , 0,
n=0
2, 3,�1, 0, 3,�1,�2, 0, 0, . . .}.

What is the output of the system, S, when the input is x3[n]?

x3[n] = {. . . , 0,
n=0
�1, �1, 2,�1,�1, 0, 0, . . .}



(b) (14 pts) The diagram in Fig. 1 depicts a cascade connection of two linear time-invariant
systems; i.e., the output of the first system is the input to the second system, and the overall
output is the output of the second system.

-
LTI

System #1
h1[n]

LTI
System #2

h2[n]
- -

x[n] y1[n] y[n]

Figure 1: Cascade connection of two LTI systems.

Suppose that System #1 is a filter described by the di↵erence equation

y1[n] = x[n] + 1
2x[n� 3] + x[n� 6]

and System #2 is described by the FIR coe�cient vector

bk =
�
2, 12 ,

1
2

 
for k = 0, 1, 2

What is the impulse response, h[n], of the overall cascade system?


