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EE3700 - Communication I 
 

Tutorial 3 - Solution 
 

1. The transmitter 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’s rule 

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 spectra for AM, DSB and FM modulation 

when the modulating signal is a tone of frequency fm. Hence compare the 
bandwidth usage and efficiency of AM, FM and DSB. 

 
4. Sketch the block diagram for a circuit to produce the composite modulating 

signal used in a standard, stereo FM broadcast transmitter. 
 

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

 
6. An FM signal is being modulated with a tone signal of frequency fm and 

amplitude Am.   
 

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

b) In a certain 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 (kf) 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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