EE3700 - Communication |

Tutorial 3 - Solution

1. Thetransmitter stage of a modem uses a carrier frequency of 1500Hz. During
testing, the carrier is frequency modulated by a 100Hz sine wave causing a
peak deviation of 550 Hz. The unmodulated carrier wave amplitude is 5 volts.
Determine the amplitude and relative phase of each component of the
frequency spectrum.

2. Estimate the bandwidth of the FM signal in question 1 using the Carson’srule
and the modified Carson’ s rule. Compare these bandwidths with the actual
spectrum of the signal found in question 1. What is the maximum size of any
components outside the Carson bandwidth? What fraction of the total power
of the FM signal is contained within the Carson bandwidth?

3. Draw typical time waveforms and spectrafor AM, DSB and FM modulation
when the modulating signal is atone of frequency fm. Hence compare the
bandwidth usage and efficiency of AM, FM and DSB.

4. Sketch the block diagram for acircuit to produce the composite modul ating
signal used in a standard, stereo FM broadcast transmitter.

5. The bandwidth assigned to commercial FM broadcast stationsis 88 to
108MHz. Estimate the maximum number of stereo FM stations which could
operate within this bandwidth. The maximum allowed frequency deviation of
broadcast transmittersis 75kHz. Why isit unlikely in practice that this number
of stations could share this bandwidth?

6. AnFM signal is being modulated with atone signal of frequency fm and
amplitude Am.

a) Determine the values of the modulating index 3 for which the carrier
component of the FM spectrum will disappear.

b) Inacertain experiment with fm = 1kHz and increasing Am (starting
from zero volts), the carrier component of the FM spectrum is reduced
to zero for the first time when Am = 2 volts. What is the frequency
sensitivity (k) of the FM transmitter? What would be the value of Am
at which the carrier component disappears for the second time?
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For data communications, the transmitter portion of a modem has a carrier
frequency of 1500 Hz. It is frequency modulated by a 100 Hz sine wave causing
the carrier to reach a peak deviation of + 550 Hz. The unmodulated carrier
amplitude is 5.0 volts. Determine the amplitude and relative phase of each com-
ponent of the frequency spectrum.

Solution:

The modulation index is:

3

peak deviation _ S5
modulating freq. 100 Hz

~N

= 5.5

This value is used to find the Bessel coefficients for each of the significant
components.

Next, the amplitudes and relative phase angles of each frequency compo-
nent are calculated. Remember that all of the upper sidebands normally start at
zero phase angle as do the even ones on the lower side. The odd, lower side-
bands normally start at a relative angle of 180°. The Bessel coefficients that
have negative values will cause the phases of the corresponding sidebands to
change by an additional 180°. In the following chart, which summarizes all the
results, the (+) sign is used for zero phase angle and the (~) is used for the
180° starting phase.

Bessel Normal Final Amplitude
Frequency Coeffictent Phase and Phase
600 Hz I, = +002 & —0.10 volts
700 Jo = +0.04 + +0.20
800 J, = +0.10 - —-0.50
900 J, = +0.18 + +0.90
1000 J, = +0.32 - -1.60
1100 Jo= +0.39 + +1.95
1200 Jy= +027 - -138
1300 I, = —014 + -0.70
1400 J, = —034 - +1.70
1500 Jo= 000 + no carrier component
1600 J, = -034 + -1.70
1700 J, = —0.14 + -0.70
1800 J, = +027 + +1.35
1900 Jo= +0.39 + +1.95
2000 J, = +032 + +1.60
2100 Jo= +0.18 + +0.90
2200 I, = +0.10 + +0.50
2300 Jy = +0.04 + +0.20
2400 Jo = 4002 + +0.10
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Figure 3.1 Sidebands for a 1500 Hz carrier deviated + 550 Hz by a 100 Hz sine wave.
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