Polytechnic University of Puerto Rico

Electrical Engineering Department
EE 4702:   Analog and Digital Communication I
Clave Quiz #3, Spring Quarter 2003, 05/21/03

Starts: 2PM ends: 3:40 PM

Problem 1.    Topic: Angle Modulation
An angle modulated signal is described by 
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1. Suppose the modulation is FM

a) What is the modulating signal if 
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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 instant frequency 
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ANSWER: 
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c) Find the instantaneous angle and verify it agrees with a) 

ANSWER: If we integrate the instant frequency we will get the instantaneous angle:
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It agrees with a) because 
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d) Find the average power of the modulated signal. 
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ANSWER: In angle modulation the power is always 
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e) Find the frequency deviation. 
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ANSWER: By the formula 
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f) Find the maximum frequency content of the modulating signal 
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ANSWER: Because the modulation signal is a tone its maximum frequency is the tone itself
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g) Find the bandwidth of the modulated waveform (Carson’s Rule). 
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ANSWER: Carson’s Rule says: 
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h) Find the modulation index 
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ANSWER: 
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i) Is this NBFM or WBFM? Explain your answer.
ANSWER: To be Narrow Band FM the frequency deviation has to be small with respect the bandwidth of the modulating signal. in this case 
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Therefore it is not truly Narrow Band, but it is close to Narrow band than to Wide Band where the frequency deviation is larger than the bandwidth of the signal and the Bandwidth in this case should be
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We can say that is close to NarrowBand than to WideBand. But it is not truly NarrowBand. It is in between both.
Problem 2.    Topic: Angle Modulation
An angle modulated signal is described by 
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Suppose the modulation is PM

a) What is the modulating signal if 
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ANSWER: For PM the formula is 
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b) Find the instant frequency 
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ANSWER: For PM the angle is 
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 and the Instantaneous frequency is 
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 where 
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 is the first derivative of the modulatin signal.
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c) Find the instantaneous angle and verify it agrees with a) 

ANSWER: In this case is immediate 
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d) Find the average power of the modulated signal. 
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ANSWER: In angle modulation the power is always 
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e) Find the frequency deviation. 
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ANSWER: By the formula 
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f) Find the maximum frequency content of the modulating signal 
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ANSWER: Because the modulation signal is a tone its maximum frequency is the tone itself
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g) Find the bandwidth of the modulated waveform (Carson’s Rule). 
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ANSWER: Carson’s Rule says: 
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h) Find the modulation index 
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ANSWER: 
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i) Is this NBPM or WBPM? Explain your answer.
ANSWER: To be Narrow Band FM the frequency deviation has to be small with respect the bandwidth of the modulating signal. in this case 
[image: image70.wmf]80

=

D

PM

f

 and 
[image: image71.wmf]Hz

B

t

m

2000

)

(

=

. In this case the Bandwidth of the transmission can be approximated to 
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Therefore it is Narrow Band. In Wide Band the frequency deviation is larger than the bandwidth of the signal and the Bandwidth in this case should be
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We can say that is NarrowBand
Problem 3.  Topic: FM, PM, Frequency Deviation, Bandwidth.

You are interviewed by an important broadcast firm that wants to hire you.  They are offering you a high salary rate (>$100k) and they want to be sure you know all about Angle Modulated Signals. Your duty is to convince them to hire you. They are concern about saving money in the transmission of their station.

Explain what would you do to improve (save money) in problem 1 the following questions:

(Hint: Think in what you have done/found in Problem 1 and 2.) Note: be convincing, they are not hiring but the best engineer.

a) How to improve the average power of the modulated signal. Are there any disadvantages?

b) How to improve the bandwith of the modulated signal. You can only change one parameter. Tell me 3 different ways of achieve less bandwidth, the advantages and the disadvantages.

c) Why is it that the parameter 
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 is numerically equal to the factor that multiply the modulating signal in both problems? Explain.
ANSWER: 

a) To improve the average power of the modulated signal there is no other choice than to lower the transmission power. The disadvantage of this is that less people will get a strong signal. I do not recommend to do this.
b) 
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To improve the bandwidth we can do first lower the carrier variation by lowering 
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. Other solution is lowering the amplitude of the modulating signal The disadvantages of doing this is to have less noise rejection.. The last solution is to lower the bandwidth of the modulating signal, but we will lose audio quality.
c) I the first case 
[image: image78.wmf]B

f

D

=

b

and
[image: image79.wmf]p

f

FM

m

k

f

p

2

1

=

D

 . Because the modulating signal is a tone, the integral will give us a factor of 
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 as the total factor that mulitplies the modulating signal in the expression of problem 1
In the second case 
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Since the factor that multipies the modulating signal is 
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 as we wanted to demonstrate.
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