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This test contains four problems, each with multiple parts.
All plots should be done on the corresponding graphs provided.
You must show all work for each problem to receive full credit.

Good luck! It was great having you in class this semester!
Have a great summer!



Problem 1.
The finite-duration, decaying exponential signal xa(t) = 4e−ln(4)t{u(t) − u(t − 2.5)} is
sampled every Ts = 1 second to form x[n] = xa(nTs). The Fourier Transform of xa(t) is
Xa(ω) is not strictly band-limited so there will always be some amount of aliasing. We know
that the DTFT of x[n] is related to the CTFT Xa(ω) according to the expressions below,
where Fs = 1 and ωs = 2π, since Ts = 1 sec:

X(ω) = Xs(Fsω) where: Xs(ω) = Fs

∞
∑

k=−∞

Xa(ω − kωs)

(a) Determine a closed-form expression for the DTFT X(ω). Show work and write your
final answer in the space below. Hint: Trick question :) ln(4) equal to natural logarithm
of 4 and eln(x) = x. Note: Closed-form means no summation in final answer.

(b) Defined above, x[n] = xa(nTs) is formed by sampling xa(t) = 4e−ln(4)t{u(t)−u(t−2.5)}
every Ts = 1 second. The Discrete-Time (DT) signal x[n] is then input to the DT
system described by the difference equation below:

y[n] = 4y[n− 1] + x[n]− 64x[n− 3]

(i) First, determine and plot the impulse response h[n] for this system. Do the stem-
plot for h[n] on the graph provided on the next page.

(ii) Determine and plot the output y[n] by convolving the input x[n] defined above
with the impulse response h[n]. Show all work in the space provided. Do the
stem-plot for y[n] on the graph provided on the page after next.



Plot your answer for h[n] to Problem 1 (b-i) here. Show work above.
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Plot your answer for y[n] to Problem 1 (b-ii) here. Show work above.
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Problem 2. Consider a causal LTI System characterized by the difference equation below.
You will find the impulse response, and then the respective outputs for two different inputs.

System: y[n] = y[n− 1] + x[n]− x[n− 4]

(a) Determine and plot the impulse response h[n] of this system in the graph provided on
the sheets attached.

(b) Plot the magnitude of H(ω), the DTFT of h[n] over −π < ω < π. Be sure to clearly
point any frequencies where H(ω)=0 over −π < ω < π.

(c) Determine the output y[n] when the input is the finite-length sequence below. Plot
y[n] in the space provided on the sheets attached.

x[n] = {u[n]− u[n− 6]}

(d) Next, Let the input to this system be the periodic signal x[n] plotted below. The
plot below only shows a couple periods of x[n] but it is periodic for all time.
Determine the output y[n]. Plot several periods of y[n] as indicated in the graph on
the sheets attached.

0 5 10 15 20
0

1

2

3

4

5

6



Plot your answer h[n] to Problem 2, part (a) on this page.
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Plot your answer |H(ω)| to Problem 2 (b) here. Show work below.
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Show your work and plot the output y[n] for Problem 2, part (c) below.
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Show your work and plot several periods of y[n] for Prob. 2, part (d) below.
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Problem 3.

(a) For parts (a) and (b), causal LTI System 1 is characterized by the following difference
equation below. Determine the impulse response h1[n] of System 1 and write the
closed-form expression below.

System 1: y[n] =
2

3
y[n− 1]−

2

3
x[n] + x[n− 1]

(b) Determine and plot |Y (ω)|, the magnitude of the DTFT of the output y[n] of System
1 when the input is the infinite-length sinewaves below.

x[n] =
1

2π

{

(−1)n + 2ej
π

4
n + 3ej

π

2
n + 4ej

3π

4
n
}

(c) For parts (c) and part (d), causal LTI System 2 is characterized by the difference
equation below. Determine the impulse response h2[n] of System 2 and write the
expression in the space provided on the sheets attached.

System 2: y[n] =
1

2
y[n− 1]−

1

2
x[n] + x[n− 1]

(d) Determine and plot |Y (ω)|, the magnitude of the DTFT of the output y[n] of System
2 when the input is the discrete-time rectangle below.

x[n] = {u[n]− u[n− 4]}

(e) Consider that System 1 and System 2 are put in SERIES such that the output of
System 1 is the input to System 2. Determine the impulse response h[n] for the overall
series combination write the closed-form expression in the space provided.



Prob. 3(a). Write a closed-form expression for h1[n], impulse response for System 1.

Prob. 3(b). Plot your output magnitude |Y (ω)| below. Show work above.
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Prob. 3(c). Write a closed-form expression for h2[n], impulse response for System 2.

Prob. 3(d). Plot your output magnitude |Y (ω)| below. Show work above.
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Prob. 3(e). Closed-form expression for h[n], impulse response for series combination of Systems 1 & 2.
Show all work.



Problem 4 (a). Consider an analog signal with maximum frequency ωM = 20 rads/sec.
The sampling rate is chosen to be ωs = 60 rads/sec., where ωs = 2π/Ts. A reconstructed
signal is formed from the samples according to the formula below. Determine a simple,
closed-form expression for the reconstructed signal xr(t). Show all work in the space below.

xr(t) =
∞
∑

n=−∞

1

T 2
s

sin(π
6
n)

πn

sin(π
2
n)

πn
h (t− nTs) where: Ts =

2π

60
and h(t) = Ts

π

10

sin(10t)

πt

sin(30t)

πt



Problem 4 (b). Consider an analog signal with maximum frequency ωM = 20 rads/sec.
The sampling rate is chosen to be ωs = 40 rads/sec., where ωs = 2π/Ts. A reconstructed
signal is formed from the samples according to the formula below. Determine a simple,
closed-form expression for the reconstructed signal xr(t). Show all work in the space below.

xr(t) =
∞
∑

n=−∞

1

T 2
s

sin(π
4
n)

πn

sin(3π
4
n)

πn
h (t− nTs) where: Ts =

2π

40
and h(t) = Ts

sin(20t)

πt



Problem 4 (c). Consider an analog signal with maximum frequency ωM = 20 rads/sec.
The sampling rate is chosen to be ωs = 30 rads/sec., where ωs = 2π/Ts. A reconstructed
signal is formed from the samples according to the formula below. Determine a simple,
closed-form expression for the reconstructed signal xr(t). Show all work in the space below.

xr(t) =
∞
∑

n=−∞

1

T 2
s

sin(π
3
n)

πn

sin(πn)

πn
h (t− nTs) where Ts =

2π

30
and h(t) = Ts

sin(15t)

πt


