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I.  Purpose.

To increase the student’s understanding of Frequency Modulation, FM.

II.  Equipment.

Agilent 33210A Function Generator
Tektronix 1002B Oscilloscope

III.  Pre-Lab.

Given the following signal characteristics:
fc = 100 kHz
Vc= 1 Vrms
fm = 20 kHz
fd = 40 kHz

1. Calculate mFM





mFM = ________________


2. Calculate BW using the Bessel table.






BW = ________________


3. Calculate BW using Carson’s Rule.





BWC = _______________


4. Draw the frequency content of the signal in Figure 1 below. Label the axes.


                     

Figure 1. Frequency content of given signal



Instructor’s initials for credit:  			    / 3
 (
 
f
)


IV.  Lab Procedure.

1. Connect Agilent 33210A Function Generator output directly to Channel 1 of Tektronix 1002B Oscilloscope. 
2. Set up the carrier frequency, fc, using the following settings:

fc = 100 kHz
Vc= 1 Vrms

Push the Output button (the button should light up). Adjust the O-scope to see several complete sine waves. Verify these settings on the O-scope.

3. Set up the modulating frequency, fm, using the following settings. First, push the Mod button (the button should light up) and enter the settings into the function generator:

Type: FM
Source: Int
Freq Dev: 75 kHz
FM Freq: .1 Hz
Shape: Sine

What do you see?




4. Now change the FM Freq setting to .5 Hz, 1 Hz and 5 Hz and observe the changes to the sine wave. Is the rate of deviation increasing or decreasing?


Explain what is happening.

5. Set the FM Freq to .5 Hz. Set Freq Dev 5 kHz, 10 kHz, 50 kHz and 75 kHz and observe the changes to the sine wave. Is the deviation increasing or decreasing?


Explain what is happening.



Return the FM Freq to .5 Hz. Set Freq Dev 75 kHz

Let’s look at the signal in the frequency domain. To get to the frequency domain, push the Math Menu button on the O-scope. On the upper right side it should read Operation: FFT. Set the Sec/Div to 25 KHz per Division.

Describe what is happening.


What are the upper and lower frequencies for this fluctuation?

fupper = 


flower =

Is this what is expected? Why?




Change the Freq Dev to 25 KHz, now what are the upper and lower frequencies?

fupper = 


flower =


Change the FM Freq to 2 Hz. What happened? Why?





Now we are going to look at the sidebands in the frequency domain. Make the following changes to the Function Generator:

Freq Dev to 40 KHz

FM Freq to 20 KHz
What is the new modulation index, mf = 

How many sideband pairs are there?

How many should there be?

Does it look like Figure 5-10 (c) (page 163)?

Change Freq Dev to 20 KHz. What is the new modulation index, mf =

How many sideband pairs are there? How many should there be and does it match Figure 5-10 (b)?

Change Freq Dev back to 40 KHz. Increase Freq Dev in 1 KHz increments until the carrier is minimized.

What deviation frequency does this occur at? fd = __________

Using this new deviation frequency, what is the new modulation index, mf = ________

Look at Figure 5-8 (page 161) in the book, at what modulation index should the carrier be zero and does it match what you calculated?

What happened to the sideband pairs as the carrier was reduced?


Change Freq Dev back to 40 KHz. Set the Sec/Div to 50 KHz per Division.
Change Shape to Square on the function generator.

What happened to the sidebands?



What impact does this have on the bandwidth of the signal?





Push CH1 Menu to return to the time domain on the O-Scope. Turn everything off and clean up.



V. Critical Thinking

1. What aspect of the modulating signal determines how far the carrier deviates?








2. What aspect of the modulating signal determines the rate of carrier deviation?

	






3. If you were listening to music, what range of modulating frequencies would you expect?





4. In the US, what is the maximum deviation allowed for FM radio stations?





5. If the deviation frequency is 25 kHz and the modulating frequency is 5 kHz what is the modulation index? 
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