EE302 Problem Set 7

Complete the following problems from the textbook Principles of Electronic Communication Systems, 3rd ed. 
Chapter 3
Questions: 1, 13, 14

Chapter 3 Question 1

Modulation is the process of modifying the characteristics of a signal called a carrier with another information signal for the purpose of transmitting the information signal more efficiently or effectively.
Chapter 3 Question 13

For an overmodulated signal, the carrier signal's amplitude is too small to support modulating the information signal. Thus, clipping occurs, and the signal is distorted.
Chapter 3 Question 14

“Sidebands.”
Additional Questions

1.  An AM signal is comprised of the following two signals:

vinfo(t) 
= 80 cos(2π 500 t) [V]

vcarrier(t) = 100 cos(2π 800,000 t) [V]

Find the carrier frequency, the upper-sideband and lower-sideband frequencies, and the percent modulation (m).
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2.  vinfo(t) changes to 120V.  Find the percent modulation (m).  Give the technical term for this condition.
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This is overmodulation.
3.  A radio station, 1280AM (carrier frequency 1.28 MHz), is conducting a monthly test of the Emergency Alert System.  The test begins with an annoying sound comprised of two pure tones (sinusoids) at 853 Hz and 960 Hz.  When transmitted, the signal being broadcast has exactly five frequency components, i.e., the signal could be written as follows:

vAM(t) = v1 sin(2π f1 t) + v2 sin(2π f2 t) + v3 sin(2π f3 t) + v4 sin(2π f4 t) + v5 sin(2π f5 t) [V]

· Find the five frequencies that comprise the AM signal being broadcast (the carrier frequency and the two sidebands for each of the two tones are a part of the signal).

{1280 kHz, [1280 kHz ± 853 Hz], and [1280 kHz ± 960 Hz]}, or {1279040 Hz, 1279147 Hz, 1280000 Hz, 1280853 Hz, and 1280960 Hz}
· Find the bandwidth for this particular broadcast.
The bandwidth is the frequency range spanned by the AM tones with the highest and lowest frequencies:

BW 
= 1280960 Hz – 1279040 Hz

= (1280 kHz + 960 Hz) – (1280 kHz – 960 Hz) = 2(960 Hz)

= 1920 Hz = 1.92 kHz
· Determine which of these two tones (i.e., either 853 Hz or 960 Hz) determines the bandwidth.

The tone that is higher in frequency determines BW (i.e., the 960 Hz tonal) because it causes sideband frequencies further from the carrier frequency.
· Find the bandwidth assigned to a commercial AM radio station in the United States.

10 kHz
4.  Musical notes are pure tones (i.e., single sinusoids), although when an instrument plays a note, harmonics of the tones are added. Chords are combinations of notes, such as the C-Major chord on the piano, which is comprised of notes C, E, and G. If the radio station 1280AM broadcasts the C-Major chord, it would broadcast the following seven frequencies, listed in ascending order and annotated by note and upper/lower sideband:

f LSB-G 
= 1,279,608 Hz

f LSB-E 
= 1,279,670 Hz

f LSB-C 
= 1,279,738 Hz

f carrier 
= 1,280,000 Hz

f USB-C 
= 1,280,262 Hz

f USB-E 
= 1,280,330 Hz

f USB-G 
= 1,280,392 Hz

Notice that in the lower side bands, the notes are in reverse order…G, the highest pitch in the chord, is the farthest away from the carrier frequency in the lower sideband.  The carrier frequency is exactly in the middle. Modulation moves frequency content higher in frequency; demodulation moves the frequency back down to a signal’s original frequency content, in this case so we can hear the notes. 

· After demodulation, find the frequencies that would be heard coming out of a radio speaker.

The frequency of any given tone after demodulation can be determined by finding the distance from any one of the corresponding AM sidebands to the AM carrier frequency. I use fcarrier in conjunction with upper side-band (USB) frequencies:
fG = fUSB-G –  fcarrier = 392 Hz
fE = fUSB-E –  fcarrier = 330 Hz
fC = fUSB-C –  fcarrier = 262 Hz
· Find the bandwidth of the broadcast and determine which note (C, E, or G) sets the bandwidth.

The note G determines the bandwidth, as it is the highest in frequency. It creates sidebands that are the farthest from the carrier frequency. Since G causes sidebands 392 Hz away from the carrier on either side, the bandwidth required for this tone is 2 x 392 Hz = 784 Hz.
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