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PROBLEM SP-24-Q.2.1:

The figure shows one period of a periodical signal, x(t), where x(t) = x(t+4), x(0) = x(4) = 0, and
x(2) = 4. The signal is a combination of sinusoids and a constant. Answer the following questions.
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(a) (2 points) Determine the fundamental frequency of the signal, x(t).

fo = Hz

(b) (3 points) Determine the DC component, a0.

a0 =

2



(c) (20 points) Determine all Fourier Series coefficients of x(t) by sketching, in the space below,
as accurately as possible the two-sided spectrum for x(t). Hint : there are a total of five lines.
Label the frequency and the amplitude for each line.
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(d) (5 points) Given the system depicted in the figure below with fs = 40 Hz, determine the
output, y(t), when the input is x(t).
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PROBLEM SP-24-Q.2.2:

Answer each of the following questions.

(a) (12 points) Part of the signal, x[n] = A cos(ω̂n), is shown in the stem plot. From the figure,
one can determine the values for A, the period, and the frequency ω̂. Suppose that the signal
is an input to an FIR system with the following impulse response: h[n] = δ[n−1]. Determine
y[n] and write it in the form, y[n] = K cos(Gn). Specify the numbers K and G. Simplify as
much as you can.
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(b) (12 points) Suppose you evaluate the following code and find y[0] = 1, y[2] = 4, and y[5] = 2.

y = conv( [1 0 1 0 1], [A B C]) .

Determine the values A, B, and C.

A = B = C =

6



(c) (12 points) Suppose we have a cascade of two systems as shown in the figure.

System 1 System 2
x[n] w[n] y[n]

Let w[n] = 7(x[n− 1]− 1)2 and y[n] = nw[n].

Specify whether the two systems are LTI or non-LTI. Why?

Is system #1 LTI or non-LTI? Why? Is system #2 LTI or non-LTI? Why?

Suppose that x[n] = u[n]. Find y[n] by sketching it on the following stem plot. Label your
sketch.
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PROBLEM SP-24-Q.2.3:

Answer each of the following questions.

(a) (12 points) Suppose the following Matlab code generates a spectrogram plot.

tt = 0:1/fs:1;

xx=cos(2*pi*A*tt - pi*B*(tt.^2));

plotspec(xx,fs);

Let fs = 12000, A = 6000 and B = −6000.

Predict what the resulting spectrogram plot will look like by carefully sketching it in the
space below. Be sure to label both the x axis (in units of seconds) and the y axis (in units of
kHz).

t (seconds)

f (kHz)
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(b) (10 points) Suppose we run the following Matlab code.

fs=8000;

tt = 0:1/fs:1000;

xx=cos(2*pi*7000*tt + pi/3);

soundsc(xx,fsamp);

Determine the value of fsamp that should be used to play the vector xx as a 3000 Hz tone.
fsamp can be different from fs.

fsamp =

9



(c) (12 points) This question concerns ideal sampling and reconstruction as shown in the following
block diagram.
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x(t) = cos(800πt) + cos(1800πt+ π/4)

Determine the largest value of fs, in Hz, such that y(t) = A cos(800πt + φ). Determine the
value for φ. Make sure to write the phase as a multiple of π, e.g., 0.634π.

fs = ϕ =

10
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PROBLEM SP-24-Q.2.1:

The figure shows one period of a periodical signal, x(t), where x(t) = x(t+4), x(0) = x(4) = 0, and

x(2) = 4. The signal is a combination of sinusoids and a constant. Answer the following questions.
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(a) (2 points) Determine the fundamental frequency of the signal, x(t).

fo = Hz

(b) (3 points) Determine the DC component, a0.
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(c) (20 points) Determine all Fourier Series coe�cients of x(t) by sketching, in the space below,

as accurately as possible the two-sided spectrum for x(t). Hint : there are a total of five lines.

Label the frequency and the amplitude for each line.
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(d) (5 points) Given the system depicted in the figure below with fs = 40 Hz, determine the

output, y(t), when the input is x(t).
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PROBLEM SP-24-Q.2.2:

Answer each of the following questions.

(a) (12 points) Part of the signal, x[n] = A cos(!̂n), is shown in the stem plot. From the figure,

one can determine the values for A, the period, and the frequency !̂. Suppose that the signal
is an input to an FIR system with the following impulse response: h[n] = �[n�1]. Determine

y[n] and write it in the form, y[n] = K cos(Gn). Specify the numbers K and G. Simplify as

much as you can.

K = G =
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(b) (12 points) Suppose you evaluate the following code and find y[0] = 1, y[2] = 4, and y[5] = 2.

y = conv( [1 0 1 0 1], [A B C]) .

Determine the values A, B, and C.

A = B = C =

6
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(c) (12 points) Suppose we have a cascade of two systems as shown in the figure.

System 1 System 2

x[n] w[n] y[n]

Let w[n] = 7(x[n� 1]� 1)
2
and y[n] = nw[n].

Specify whether the two systems are LTI or non-LTI. Why?

Is system #1 LTI or non-LTI? Why? Is system #2 LTI or non-LTI? Why?

Suppose that x[n] = u[n]. Find y[n] by sketching it on the following stem plot. Label your

sketch.
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PROBLEM SP-24-Q.2.3:

Answer each of the following questions.

(a) (12 points) Suppose the following Matlab code generates a spectrogram plot.

tt = 0:1/fs:1;

xx=cos(2*pi*A*tt - pi*B*(tt.^2));

plotspec(xx,fs);

Let fs = 12000, A = 6000 and B = �6000.

Predict what the resulting spectrogram plot will look like by carefully sketching it in the

space below. Be sure to label both the x axis (in units of seconds) and the y axis (in units of

kHz).
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(b) (10 points) Suppose we run the following Matlab code.

fs=8000;

tt = 0:1/fs:1000;

xx=cos(2*pi*7000*tt + pi/3);

soundsc(xx,fsamp);

Determine the value of fsamp that should be used to play the vector xx as a 3000 Hz tone.

fsamp can be di↵erent from fs.
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(c) (12 points) This question concerns ideal sampling and reconstruction as shown in the following

block diagram.
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x(t) = cos(800⇡t) + cos(1800⇡t+ ⇡/4)

Determine the largest value of fs, in Hz, such that y(t) = A cos(800⇡t + '). Determine the

value for '. Make sure to write the phase as a multiple of ⇡, e.g., 0.634⇡.
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