
GEORGIA INSTITUTE OF TECHNOLOGY
SCHOOL of ELECTRICAL & COMPUTER ENGINEERING

QUIZ #2

DATE: 23-Oct-09 COURSE: ECE-2025

NAME: GT username:
LAST, FIRST (ex: bdodd1)

3 points 3 points 3 points

Recitation Section: Circle the date & time when your Recitation Section meets (not Lab):

L05:Tues-9:30am (Stüber)

L07:Tues-Noon (Stüber) L08:Thur-Noon (Richards)

L09:Tues-1:30pm (Anderson) L10:Thur-1:30pm (Richards)

L01:M-3pm (Clements) L11:Tues-3pm (Anderson) L02:W-3pm (Barry) L12:Thur-3pm (Verriest)

L03:M-4:30pm (Clements) L04:W-4:30pm (Barry) L14:Thur-4:30pm (Verriest)

• Write your name on the front page ONLY. DO NOT unstaple the test.

• Closed book, but a calculator is permitted.

• One page (8 1
2
′′×11′′) of HAND-WRITTEN notes permitted. OK to write on both sides.

• JUSTIFY your reasoning CLEARLY to receive partial credit.

• You must write your answer in the space provided on the exam paper itself.
Only these answers will be graded. Circle your answers, or write them in the boxes provided.
If more space is needed for scratch work, use the backs of previous pages.

Problem Value Score

1 25

2 25

3 25

4 25

No/Wrong Rec −3



PROBLEM F-09-Q.2.1:

-
Ideal

C-to-D
Converter

Ideal
D-to-C

Converter
- -

x(t) x[n] y(t)

6Ts = 1/ fs
6Ts = 1/ fs

In all parts below, the sampling rates of the C/D and D/C converters are equal, and the input to the C/D
converter is a signal x(t) whose spectrum is shown here. The frequency f is in hertz.
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(a) Determine the Nyquist rate (in hertz) for sampling the signal x(t).

fNyquist = Hz

(b) If the sampling rate is fs = 5000 samples/sec., plot the spectrum of the discrete-time signal x[n] over
the range of frequencies −π≤ ω̂≤ π. Make sure to label the frequency, amplitude and phase of each
spectral component.

-

6

0−π π−1
2 π

1
2 π ω̂ (in rad)

Label Carefully

Use ω̂ for digital freq.

(c) In the signal x(t), suppose that the 2000 Hz sinusoid is the signal of interest and the 4500 Hz sinusoid
is interference. Being students on a budget, we don’t have a filter available that we can use to remove
this interference. However, we can remove the average value of a signal easily, so we use the C/D and
D/C to make the interference sinusoid alias to the average value of y(t). Determine a value for fs so
that the output signal y(t) is composed of a 2000 Hz sinusoid and a DC component.

fs = Hz



PROBLEM F-09-Q.2.2:

Assume the signal x(t) is real-valued and periodic with fundamental period T0. The spectrum of x(t)
is shown below (the frequency f is in hertz). The signal x(t) contains only six non-zero Fourier series
coefficients, ak for k =±2,±3,±4 (i.e., the second, third and fourth harmonic). Unfortunately, the spectrum
plot is only partially labeled.
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(a) Determine the fundamental period (in seconds) of the signal x(t).

T0 = sec

(b) Determine the values of all of the non-zero Fourier series coefficients for x(t) and write them in the
table below. Write the coefficients in polar form as ak = µke jφk , where µk > 0 and −π≤ φk ≤ π.

Index kth Fourier coefficient
k ak in polar form

2

-2

3

-3

4

-4



PROBLEM F-09-Q.2.3:

In lecture we looked at the frequency response of the first difference system that is a discrete approxi-
mation to a derivative operator. Consider the second difference system that is a discrete approximation to a
second derivative:

y[n] = 5x[n−3]−10x[n−4]+5[n−5].

(a) Determine the frequency response for this system, giving your answer in the form

H(e jω̂) = e− jaω̂ (bcos(cω̂)+d)

by finding values for the constants a, b, c and d.

a = b = c = d =

(b) When the input to the system is x[n] = 9cos(0.3πn+2π/3) for all n, determine the output
y[n] = Acos(ω̂n+φ) by finding values for A, ω̂ and φ. Make sure to remove all unnecessary multiples
of 2π from the phase shift so that −π≤ φ≤ π.

A = ω̂ = φ =



PROBLEM F-09-Q.2.4:

The three parts of this question can be worked independently. For each part, consider the system
having the impulse response given by : h[n] = b0δ[n]+b3δ[n−3].

(a) Suppose that the input x[n] is nonzero only for 16 ≤ n ≤ 34. In general, where will the output start
and end, i.e., what are the indices Nstart and Nend of the first and last nonzero element of y[n]?

Nstart = Nend =

(b) Determine the output y[n] of this system when the input is:

x[n] = 7δ[n]+14δ[n−1]+28δ[n−2]+21δ[n−3].

Give your answer in the following table, expressing y[n] in terms of b0 and b3.

n n < 0 0 1 2 3 4 5 6 7 n > 7

y[n]

(c) The output y[n] to the input signal x[n] = u[n] is shown in the stem plot below, where u[n] is the
unit-step function defined in class. Determine the numerical values of the coefficients b0 and b3.

b0 = b3 =

-

y[n]
6
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PROBLEM F-09-Q.2.1:

-
Ideal

C-to-D
Converter

Ideal
D-to-C

Converter
- -

x(t) x[n] y(t)

6Ts = 1/ fs
6Ts = 1/ fs

In all parts below, the sampling rates of the C/D and D/C converters are equal, and the input to the C/D
converter is a signal x(t) whose spectrum is shown here. The frequency f is in hertz.

-
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(a) Determine the Nyquist rate (in hertz) for sampling the signal x(t).

fNyquist = 9000 Hz

(b) If the sampling rate is fs = 5000 samples/sec., plot the spectrum of the discrete-time signal x[n] over
the range of frequencies −π≤ ω̂≤ π. Make sure to label the frequency, amplitude and phase of each
spectral component.

-

6

0−π π−1
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Label Carefully

Use ω̂ for digital freq.
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(c) In the signal x(t), suppose that the 2000 Hz sinusoid is the signal of interest and the 4500 Hz sinusoid
is interference. Being students on a budget, we don’t have a filter available that we can use to remove
this interference. However, we can remove the average value of a signal easily, so we use the C/D and
D/C to make the interference sinusoid alias to the average value of y(t). Determine a value for fs so
that the output signal y(t) is composed of a 2000 Hz sinusoid and a DC component.

fs = 4500 Hz



PROBLEM F-09-Q.2.2:

Assume the signal x(t) is real-valued and periodic with fundamental period T0. The spectrum of x(t)
is shown below (the frequency f is in hertz). The signal x(t) contains only six non-zero Fourier series
coefficients, ak for k =±2,±3,±4 (i.e., the second, third and fourth harmonic). Unfortunately, the spectrum
plot is only partially labeled.
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(a) Determine the fundamental period (in seconds) of the signal x(t).

T0 = 0.1667 sec

(b) Determine the values of all of the non-zero Fourier series coefficients for x(t) and write them in the
table below. Write the coefficients in polar form as ak = µke jφk , where µk > 0 and −π≤ φk ≤ π.

Index kth Fourier coefficient
k ak in polar form
2 4e− j2π/3

-2 4e j2π/3

3 2e jπ/4

-3 2e− jπ/4

4 e− jπ/3

-4 e jπ/3



PROBLEM F-09-Q.2.3:

In lecture we looked at the frequency response of the first difference system that is a discrete approxi-
mation to a derivative operator. Consider the second difference system that is a discrete approximation to a
second derivative:

y[n] = 5x[n−3]−10x[n−4]+5[n−5].

(a) Determine the frequency response for this system, giving your answer in the form

H(e jω̂) = e− jaω̂ (bcos(cω̂)+d)

by finding values for the constants a, b, c and d.

a = 4 b = 10 c = 1 d = -10

(b) When the input to the system is x[n] = 9cos(0.3πn+2π/3) for all n, determine the output
y[n] = Acos(ω̂n+φ) by finding values for A, ω̂ and φ. Make sure to remove all unnecessary multiples
of 2π from the phase shift so that −π≤ φ≤ π.

A =−37.10 ω̂ = 0.3π φ =−1.676

OR

A = 37.10 ω̂ = 0.3π φ = 1.466



PROBLEM F-09-Q.2.4:

The three parts of this question can be worked independently. For each part, consider the system
having the impulse response given by : h[n] = b0δ[n]+b3δ[n−3].

(a) Suppose that the input x[n] is nonzero only for 16 ≤ n ≤ 34. In general, where will the output start
and end, i.e., what are the indices Nstart and Nend of the first and last nonzero element of y[n]?

Nstart = 16 Nend = 37

(b) Determine the output y[n] of this system when the input is:

x[n] = 7δ[n]+14δ[n−1]+28δ[n−2]+21δ[n−3].

Give your answer in the following table, expressing y[n] in terms of b0 and b3.

n n < 0 0 1 2 3 4 5 6 7 n > 7

y[n] 0 7b0 14b0 28b0 21b0 +7b3 14b3 28b3 21b3 0 0

(c) The output y[n] to the input signal x[n] = u[n] is shown in the stem plot below, where u[n] is the
unit-step function defined in class. Determine the numerical values of the coefficients b0 and b3.

b0 = 490 b3 = 210
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