Polytechnic University of Puerto Rico

Electrical Engineering Department
EE 4704-22:   Analog Communication I
Quiz #3, Winter Quarter 2003, 02/17/04
Apellido ____________________ Nombre_______________#__________

Show all intermediate steps in a separate piece of paper. No credit will be given for final results only.

starts: 6:30PM ends: 8:00 PM

Problem 1.    Topic: Phase Modulation
An angle modulated signal is described by 
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20

sin

20

2000

cos(

10

)

(

t

t

t

EM

p

p

j

+

=


1. Suppose the modulation is PM
a) What is the modulating signal 
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ANSWER: In this case the modulation follows this formula 
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Therefore 
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b) Find the average power of the modulated signal. 
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ANSWER: In angle modulation of the signal 
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c) Find the frequency deviation. 
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ANSWER: By the formula 
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is the max value of the first derivative of the modulating signal 
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d) Find the maximum frequency content of the modulating signal 
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ANSWER: Because the modulating signal is a tone its maximum frequency is the tone itself
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e) Find the bandwidth of the modulated waveform (Carson’s Rule). 
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ANSWER: Carson’s Rule says: 
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f) Find the modulation index 
[image: image27.wmf]=

b

__________________

ANSWER: 
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g) Is this NBPM or WBPM? Explain your answer.
ANSWER: To be Narrow Band PM the frequency deviation has to be small with respect the bandwidth of the modulating signal. in this case 
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. In this case is just the opposite, the Bandwidth of the transmission can be approximated to 
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Therefore it is Wide Band PM.

e) What will happen to 
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ANSWER: In this case 
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Therefore: 
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In this case 
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And 
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This is a case of NBPM where 
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Problem 2.    Topic: Frequency Modulation
A FM modulator is being designed using the Indirect method of Armstrong. The modulator has to generate a frequency of 
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The signal to modulate has a bandwidth of 
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The initial carrier and deviation frequency are 
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Find the parameters of the first frequency multiplier M1, the local oscillator frequency for the frequency converter 
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ANSWER: Because 
[image: image56.wmf]20

=

b

 we know that 
[image: image57.wmf]kHz

kHz

B

f

m

200

10

*

20

4

=

=

=

D

b


If I select arbitrarily a second multiplier parameter 
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Because before the second multiplier we have a frequency converter or mixer, it does not change the deviation, therefore 
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The first multiplier changes the deviation from 
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From this data we know then 
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The last parameter to select is the local oscillator. The formula is 
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