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  AMPLITUDE MODULATION II

A Practical Exercise       
            

     Name:________________



I.  Purpose.

In the first part of this lab, you will use a pure sinewave from one function generator to externally AM modulate a carrier generated by a second function generator.  You will investigate the shape of modulating signal on the scope as you increase you modulating frequency and you will hear the tone on your speaker. The carrier  frequency will be assigned and remain at that frequency for the entire lab.  

In the second part of this lab, you will use a music source to modulate the  carrier and see how the amplitude shape of the resulting AM waveform exactly corresponds to the baseband music signal and you will again be able to hear the music and how it corresponds to signal frequency and voltage.
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	Figure 1.  An AM wave showing pure sinewave modulation


You will be providing gain to your input signals, so you will use an op amp circuit like the one which you investigated in PE2.  Instead of summing 2 signals, you will just be providing gain using the inverting op amp configuration to one signal and you will adjust the gain using the resistor decade Box.  Figure 2 shows the configuration and the equations . The connections to the (12 volt power supplies are not shown for simplicity, and they will be wired up by our techs.
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Figure 2.     Basic Operational Amplifier

The voltage gain of this amplifier, Vout/Vin, is given by:





      Vout/V =  -       Rf  

       1 k( 

II.  Equipment.

Each Lab bench will need 2 Function Generators, +/- 12 V supply for the Op Amp, Oscilloscope, 2 x Digital Multimeters,  a Quad Board with banana cables and  with 2 audio adapter cables( one for input and one for speaker) and BNC to banana for external modulation, an Operational Amplifier circuit board ( with the +/_ 12 V supplied to to ckt board prior to lab), a Resistor Decade Box,  a 1k( resistor, and a music source such as an iPod( students supplied), and a radio ( instructor supplied). 

III. Lab Procedure (a).  

 Assigned carrier frequency (fc) for your group__________________

Step 1.  You will  use an Operational Amplifier circuit board to amplify the signal from your input source so that it is of sufficient amplitude to drive the Function Generator in the External AM mode. Using Figure 2 (above) to guide your setup, build the basic Op Amp configuration, provide a gain of 25 by setting the resistor decade box to 25K. Make sure that the ±12 volt connections to the Operational Amplifier are properly made and that the power supplies on the left side of the lab bench are turned on.

Step 2.   Then using Figure 3 to guide your connections, set one function generator (B) to output a low frequency sinewave, fm=300Hz, with an amplitude of 100mVrms (this will be your modulating signal, Vm(t)). Connect the signal from this function generator to input of the 1k( resistor in the basic op amp configuration. Use Ch1 on the oscilloscope to monitor the output of the op amp. Also connect a banana wire from the output of the Op Amp   to the external trigger input of the scope and set the trigger  source  (using trigger menu)  to Ext.

Adjust your settings and look at your sinewave on the scope.  Use the audio cables to bring the signal from the output of the Op Amp to the speaker and listen to this bass tone.
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Figure 3.

Then attach a banana cable from the output of the Op Amp  to the back of the second generator A into the Ext AM modulation input.  Set the  frequency on the second generator (A) to your assigned carrier frequency, (fc),  and set the output amplitude to 1Vpp. Use Shift AM on your function generator to generate your carrier with amplitude modulation. The AM Source mode in your menu page (Shift Menu) needs to be on EXT.
Attach Ch2 of the scope to the output of the second generator (this is your AM signal, Vam (t)).

Adjust the oscilloscope display settings until the waveform displayed resembles the Amplitude Modulated waveforms seen  in Figure 1.  
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	Table 1:  AM Equations
	


Step 4. Using equations above describe the signal you see on the scope

vAM(t) =  _____________________________________________________

Now increase the frequency slowly to 400 Hz, 500Hz, 600Hz, 700Hz, 800Hz, 900Hz, 1000Hz,1100Hz, and continue stepping up by hundreds up to 4500Hz.
Watch the signal change on the scope while listening to the tone and then decrease back down to 400Hz. Then experiment by changing the source to a square wave, or to a triangular wave and again adjust the frequency to several of the values from 400 to 4500 Hz.

IV. Lab Procedure (b).

Step 1.   For this part of the lab, you will again have to use an Operational Amplifier circuit board to amplify the signal from your music source so that it is of sufficient amplitude to drive the Function Generator in the External AM mode.  So you will use the same basic configuration of an operational amplifier that you used in Lab Procedure (a) (Figure 2).

 Step 2.   Then using Figure 4 to guide your connections, set one function generator (B) to output a low frequency squarewave, with a frequency of 3Hz, with an amplitude of 2Vp-p (Function Generator B is used to externally trigger the oscilloscope 3 times per second so that a better view of the modulating signal (channel 1) and the modulated signal (channel 2) is presented. Connect the signal from this function generator to External trigger input of the scope.  Set trigger source on scope to Ext.  Attach your music source with an audio to banana cable to the 1k( resistor in the basic Op Amp configuration. Turn on your source, and use Ch1 on the oscilloscope to monitor the output of the Op Amp. Adjust your settings and look at your music signal on the scope.  Use the audio cables to bring the signal from the output of the Op Amp to the speaker and listen to your music.
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Figure 4.

Then attach a banana cable from the output of the Op Amp  to the back of the second generator (A) into the Ext AM modulation input.  Make sure that the  frequency on the second generator (A) is  your assigned carrier frequency, (fc),  and set the output amplitude to 1Vpp. Use Shift AM on your function generator to generate your carrier with amplitude modulation. The AM Source mode in your menu page ( Shift Menu) needs to be on EXT.
Attach Ch2 of the scope to the output of the second generator (this is your AM signal, Vam (t)).

Turn on your music source and adjust the Resistor Decade Box and the Trigger Level on the oscilloscope until the display on the scope is similar to Figure 5.   Make sure you don’t overmodulate; overmodulation occurs if you see a “flat line” of zero amplitude anywhere in the modulated waveform. 


Figure 5.

Notice how the amplitude variations of the AM waveform in channel 2 almost exactly agree with the music voltage waveform in channel 1.

V. Lab Procedure (c).

Step 1. Attach several long lengths of banana cables together and attach to the output of function generator A. You may need to hold it or let lie lengthwise. This provides an antenna for your Amplitude Modulated music signal at your assigned AM frequency. Tell the instructor or lab tech your frequency so that they can  tune an AM radio to it so that you can demodulate and listen to your AM signal.

This is a demonstration lab, please spend time to understand what you are seeing and hearing and what is happening to the signal.  Ask any questions you may have about the time domain signals, try to relate what is happening in the frequency domain.
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