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INTRODUCTION TO COMMUNICATION SYSTEMS

LABORATORY III

Frequency Modulation

Introduction: 
In this lab we shall investigate some elementary aspects of frequency modulation and the fre​quency mod​ulated signals.

References:
Section 3.3 in Communication Systems Engineering, (2nd ed.)  by  J. G, Proakis and M. Saleh.
Preparation:
1.
Find the power spectrum of an FM signal modulated with a sinusoidal signal (refer to the discus​sion on pages 158-169  in the text).

2.
Determine the shape of the spectrum of a very wideband FM signal using Wood​ward's theo​rem (see the excerpt from  given in the appendix to this lab) for a sinu​soidal input, for a triangular input, and for a square-wave input (50% duty cycle) 

3.
The FM detector used in this lab consists of the system described below (there are two inputs and an adder only to allow us to add noise to the FM signal):

[image: image1.wmf]

For some typical FM signal, sketch the waveforms you would expect to see at the points A, B, and C. Explain briefly why this system should demodulate FM.


[Hint: The action of the LPF in the time domain can be described as that of a short term averager in time; the precise frequency response of the LPF is not critical.]

Apparatus:
1 -
Spectrum analyzer (Anritsu MS610A[or C], or  IFR 2398 Spectrum Analyzer)

1 -
Krohn-Hite 3202 filter unit 

1 -
dual channel oscilloscope

1 -
noise generator (General Radio 1383)

1 -
function generator with VCG input (LFG-1310)

1 -
function generator (LFG-1310)

1 -
FM detector unit (custom lab box)

CAUTION
CAUTION
CAUTION
Spectrum analyzers are very expensive, delicate and sensitive pieces of equipment which can be very easily abused. Make sure that at all times the signals you apply to the input does not exceed the maximum allowable input level noted on the front of the unit. If you are unsure of a signal level, measure it on your oscilloscope or with a voltmeter before you apply the signal to the spectrum ana​lyzer.

Procedure:
Part I:  Determination of kf (Method A)

[image: image2.wmf]
1.
Adjust the VCG's free running frequency to 1 MHz. Apply a low-frequency square-wave to the input so as to produce two frequencies at the output, each occur​ring for a sufficiently long time to be measured by the frequency counter (a 0.1 Hz signal should do).  Note the frequency deviation and input signal level.  Vary the input  square-wave's amplitude and measure the fre​quency devia​tion for several different input levels covering a frequency deviation range of at least 100 kHz.  Determine kf  (defined to be the ratio of frequency devia​tion to input ampli​tude) and the limit of the linear relationship between input amplitude and frequency deviation.

Part II:  Spectrum of a Sinusoidally Modulated FM Signal

[image: image3.wmf]
1.
Apply a 10 kHz sinusoidal signal to the VCG with sufficient amplitude to produce a 10 kHz frequency deviation corresponding to a modulation index  = 1.  Observe the spectrum of the signal and compare with theory.

2.
Double the input amplitude to produce  = 2 and observe the spectrum.  Note that the spec​tral lines are simply not double those in step 1 and hence the superposition principle does not apply to FM.

3.
Reduce the input amplitude to produce a very small value for  (Narrowband FM). (Use the smallest value you can reasonable easily achieve.)  Note that the spectrum of the signal chiefly consists of a carrier and two sidelobes.  Increase the input amplitude to produce double the value of just used.  Note that the spectrum of the signal, observing that the same spectral lines appear with the two sidelobes doubled in amplitude.

4.
Change the modulating signal to a 10 kHz triangular wave with amplitude so as to produce a frequency deviation of 100 kHz.  Observe the FM signal's power spec​trum and verify that it corresponds approxi​mately to the flat spectrum predicted by Woodward's theorem.  Change the modulating signal to a sinu​soidal and square-wave signal and verify the results again.

Part III:  Determination of kf (Method B)

It is often not possible to apply a low frequency square wave input to a modulator due to DC blocking capacitors that may be part of the modulator input or other frequency response limitations of the modulator.  An alternate method to that of Part I exists based on the oscillating nature of the Bessel function

[image: image4.wmf]
Bessel functions of the first kind, Jn().

Since the strength of the spectral component of sinusoidally modulated FM at frequency nf from the carrier is proportional to Jn(), noting that the amplitude and frequencies of inputs when spec​tral lines vanishes allows f  and hence kf  to be computed.

[image: image5.wmf]
1.
Set the free running frequency of the VCG to approximately 1 MHz.  Apply a 100 kHz sinu​soid to the VCG.  Increase the amplitude of the modulating signal from zero until the first null of the signal component at precisely the carrier frequency.  This should correspond to  = 2.405.  Note the amplitude of the modulat​ing sig​nal and its precise frequency.  Increase the amplitude of the modulating signal to locate the next null in this compo​nent ( = 5.520).  Repeat the above to find the amplitudes corre​sponding to the first nulls of J1() ( = 3.832) and J2() ( = 5.136).  Determine kf  from each of these four mea​surements.

Part IV:  Demodulation of FM
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1.
Connect the above circuit, leaving out the noise source, and setting both filters to 150 kHz in low-pass mode (two filters [each one half of the Krohn-Hite 3202 unit] are used to obtain better low-pass filter char​acteristics).  The maximum signal level input to the FM detector unit should not exceed 1 Volt peak to peak. Make sure the signal to be applied to the detector does not exceed this limit before you con​nect in the detector.  Use output 2 of the detec​tor unit to feed the rest of the circuit.  Set the free-running frequency of the VCG to 1 MHz.  Vary the frequency deviation of the VCG with a 100 kHz sinusoidal input and verify that the output amplitude is proportional to the frequency deviation .

2.
Change the amplitude of the VCG output (e.g., double it or half it) and repeat 1.

3.
Change the modulating signal's frequency (e.g., double it) and repeat 1.

4.
From the above, what happens when (a) the carrier frequency is changed; (b) the FM signal level is changed; and (c) the modulating frequency is changed.

Appendix 

Wideband FM Spectra Approximation
(Woodward's Theorem)

(adapted from Section 6.3.1 in Introduction to Communication Systems, 3rd ed., by F.G. Stremler)

General Approximations
Another general intuitive comment can be made before restricting ourselves to specific waveforms.  If we let 
 EMBED "Unknown" \* mergeformat  

 (i.e., 

 for the sinusoidal case), we would expect the amplitude-to-frequency conversion to completely predominate over the effects attributable to the rates of changes of the instantaneous frequency.  From the concept of a spectral density we would then expect the spectral magnitudes to be in proportion to the fractional time spent at each frequency.
 For example, let  
 EMBED "Unknown" \* mergeformat  

 so that the frequency deviation about the carrier, 

, is




.
(III.1)

Within the first half cycle of the modulating signal centered on the time origin, the time at which the frequency deviation is a farticular value is thus


 

.
(III.2)

The fractional amount of time per unit of frequency is
 :





(III.3)

Therefore as 

 the magnitude weighting of the spectral density of the FM waveform will approach the shape shown in Fig. III.1 over band limits 2fin width.  Note that this is based on a signal T units long; for the periodic case the spectral density will be composed of impulses with weights determined form this curve.  Effects of phase may cause the individual components to vary somewhat from this approximation.  This result gives a relative distribution of power; the correct scaling factors can be found by setting the integral of this result equal to the average power in the modulated waveform.
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Figure III.1 Approximation to the magnitude FM spectral density as 

, sinusoidal case.

Wideband FM Spectra Approximation (cont'd)

EXAMPLE:

A sinusoidal signal at a frequency of fc rad/sec is frequency-modulated by the saw-tooth waveform shown in Fig. III.2(a).  The peak frequency deviation on each side of the carrier is f, as shown in Fig. III.2(b).  Describe the approximate magnitude spectral density as the dispersion index of the system becomes very large
.

Solution:  As 

, the bandwidth approaches 2f and the magnitude spectrum is approximated by 


 EMBED "Unknown" \* mergeformat  
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Figure III.2  Example of FM spectral density as 


This is shown in Fig. III.2.  If the modulating signal were repeated periodically, a series of impulses would be present spaced by f0 units.  An example of the actual magnitude power spectrum for =50 is shown in Fig. III.3

[image: image9.wmf]
Figure III.3  Computed magnitude spectrum for the FM discussed in the example.
�	This is sometimes referred to as Woodward's theorem.


� 	The reader with some knowledge of probability will recognize this as the probability density function of the modulating waveform for uniform phase.


�	This is a simplified version of the type of signal  that a bat uses (at ultrasonic frequencies) for navigation and target location.  It is also used for radar purposes.  This type of signal is known as a “chirp” signal.
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