Physics Department

SP436 Lab

U. S. Naval Academy

EJT 20 Aug 07



Purpose:  To become familiar with the fundamental lab equipment we will use this semester.  Also, to study the frequency spectrum of some well known periodic time domain signals.  We will build an electret microphone and learn how to use a laser dopler vibrometer.  We should be able to take data from an oscilloscope or spectrum analyzer and plot with standard plotting software.  At the end of the lab we should be able to conduct a swept sine measurement of a vibrating system.
References: 

1. KFCS chapter 1

Apparatus:  speaker, electret microphone, brass pipe

Agilent 35670A  spectrum analyzer  

S/N__________________

Wavetek Model 29 Function Generator
S/N__________________

HP467A Power Amplifier


S/N__________________

SRS SR560 preamp



S/N__________________ 

Tektronix TDS3012B oscilloscope

S/N__________________
Polytec Laser Doppler Vibrometer

S/N__________________ 

Procedure: 
1.  An electret is a modified version of the classic condenser or capacitor microphone which exploits changes in capacitance due to mechanical vibrations from a passing sound wave.  Unlike the condenser mike, no power is needed to create an electric field as the electret has permanently stored charge.  Electrets do require a small battery to supply power to a small preamplifier (FET) built into the capsule.  The below circuit must be built to use the electret.
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2.  Turn on the Agilent 35670A  spectrum analyzer, the Tektronix TDS3012B oscilloscope, and the Wavetek Model 29 Function Generator.  Notice that the spectrum analyzer comes up in the FFT Mode with a frequency scale from 0 – 51.2 kHz.  The y axis displays “log magnitude” of the default channel which is channel 1.   The Wavetek defaults to a 10 kHz, 2 V output.  Connect the main output to channel 1 of the spectrum analyzer and the oscilloscope using appropriate BNC cables and a “T” connector.

3.  You should see a small peak on the analyzer at exactly 10 kHz.  Measure its frequency  using the cursor.  







_______________ Hz

Actually this signal is “leaking” from the signal generator.  Look at the output on channel 1 of the oscilloscope.  Select the “autoset” button to quickly view the time domain signal.  You should only see noise.  Note the 6 orders of magnitude displayed on the Analyzer are from 10 nV rms to 10 mVrms.  This is a very small voltage.  On the signal generator, press the main output button.  The red LED will light.  Note the change in scale on the analyzer to display the 2 V rms On the oscilloscope, select “autoset” again to see the time domain signal.





4.  On the oscilloscope, press the “measure” button and observe the voltage.  Is this reading equivalent to 2 V rms?  Next press the “frequency” button from the select measurement list. Does the oscilloscope read 10 kHz?




_______________ V rms










_______________ Hz

5.  Change the frequency output on the signal generator to 25 kHz.  Do all your readings change?  Next change the amplitude to 4 V rms and check for consistent readings on the instruments. 

6.  Look at some of the options available on the spectrum analyzer.  

a.  First, check what can be displayed by selecting “trace coordinate.”  Select “linear magnitude.”  What happened to the noise?  ___________________________________________ ______________________________________________________________________________
Select any of the other display options.  Why are phase and the imaginary part of the signal uninteresting displays right now?  __________________________________________________
______________________________________________________________________________
Return to “log magnitude.”

b.  Next, select “Frequency.”  Change the range of displayed frequencies from 10 kHz to 35 kHz.  We won’t do it now, but note that if you need better frequency resolution, this is where you can select it.

c.  Finally, select “Average” then “Average -> On.”  The analyzer will immediately start averaging the signal over 10 intervals – a preset time constant.  What happens to the noise.  Increase “number averages” to 50 and press “Start.”  This will take longer, but what happens to the noise now?  Why does this happen to the noise?____________________________________
______________________________________________________________________________
______________________________________________________________________________
7.  Square wave input.

a.  Turn off the output from the function generator by deselecting “main output.”  Press the standard function button and select square.  Set the frequency to 159 Hz  (1000 rad/sec).  Set the amplitude to 2 V.  


b.  On the spectrum analyzer, select “trace coordinate” to “linear magnitude”  and use “frequency” to display frequencies from 0 Hz up to about 3000 Hz.  Make a table of frequency vs. amplitude for this signal.  Are the frequencies and amplitudes consistent with those expected for a square wave signal?   

8.  Data recording from the Analyzer.   Save your frequency analyzer trace.

a.  “Save/Recall”

b.   “Save Data”  

c.  Format -> “ASCII” 

d.  “Save Trace”

e.  “To File”  

f.  name the file using the letters on the keyboard

g.  and finally, “enter” to save to an external floppy.

9.  Data recording from the oscilloscope.  Save your oscilloscope signal trace directly to the computer via the serial to usb interface and the excel spreadsheet.  There is an icon that opens the interface and selects the channel of the scope you want to save and the location in the spreadsheet you want the data recorded.
10.  Repeat steps 7 through 9 for the triangle waveform and either the positive or the negative ramp.  Specifically measure the frequency and amplitude of the peaks with the cursor.
11.  Turn off the output from the function generator by deselecting “output.”  Shift back to a sine wave of about 300 Hz with a 2 V output.  Connect the output to the speaker via a power amplifier with a gain of 2.  Connect a microphone to a filter-preamp and send the output to channel 1 of both the Spectrum analyzer and oscilloscope as shown below.  Turn on the power amp and preamplifier.  Set the analyzer frequency band from 0 Hz to about 10 kHz. 

SR560 Pre  Amp Settings– 
Band pass filter  100 – 3000 Hz (adjust as needed)





AC coupling





Gain: ~20
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12.  Select “main output” on the function generator and observe the time and frequency domain signals.  Measure the frequency as you did earlier using both the spectrum analyzer and oscilloscope.






Analyzer
_______________ Hz

Oscilloscope
_______________ Hz

13.  Turn the signal generator off.  Create a source using one of the brass pipes.  While making a tone, collect the signal by cycling the start-stop button on the oscilloscope.  Collect the signal on the analyzer using the average method described in 6c.  
Analyzer
_______________ Hz

Oscilloscope
_______________ Hz

Save both traces using the procedure described in 8 and 9 above.  Repeat for the train whistle or one of the sliding whistles.
14.  Now disconnect the microphone from the preamp and connect the Laser Doppler Vibrometer (Velocimeter).  Aim the LDV at one of the oscilloscope tines and gently tap the tuning fork to excite a tone.  
Analyzer
_______________ Hz

Oscilloscope
_______________ Hz

Collect the signal on the analyzer using the average method described in 5c.  Save both traces using the procedure described in 8 and 9 above.   
15.  Swept Sine Measurement. - Set up the detection system in the “swept sine” mode for the spectrum analyzer as shown in the block diagram below.  
[image: image2]
Spectrum Analyzer Setup.
Instrument Mode:  Swept Sign

Source Level:  1 v rms

Linear Sweep

Manual Frequency:   
Start 100 Hz




Stop 1000 Hz

Resolution Setup:  Resolution:  at least 500 points/sweep

Trace Coordinate:  Linear Amplitude  (you will select others later)

Scale:   Auto scale “on”

Power and Pre Amp Setup.
Power Amp – 
1x amplification  (this should provide 1 vrms to the speaker as seen on the oscilloscope.

Pre  Amp – 
Band pass filter  100 – 1000 Hz (adjust as needed)



AC coupling



Gain: ~20

Data Collection and Recording.

Press start on the frequency analyzer to begin sweeping through the frequencies.  While data is being gathered, you will see the frequency increase on the analyzer and frequency counter.  A trace will be drawn on the display.  When complete press:

“Save/Recall”

 “Save Data”  

Format -> “ASCII” 

“Save Trace”

“To File”  

name the file using the letters on the keyboard

and finally, “enter” to save to an external floppy. 

Increase the power amplifier gain to 2x and 4x repeating the swept sign measurement each time.

Report:

1.  Import your time and frequency domain data for the square, triangle and ramp signals into a plotting program such as Origin or Excel.  Plot the data in both domains for all three sources.  Origin has a function that allows your to “pick peaks” to identify the peak frequencies.  Consider using it.  Are your frequencies and amplitudes consistent with theoretical predictions?  Add predicted values to your table of frequency and amplitude data and comment.

2. Plot your time and frequency domain signal for your pipe.  Fit the oscilloscope data to a sine function and determine the frequency of the fit.  What are the peak frequencies from the analyzer data?

What is the fundamental frequency from the oscilloscope?  From the spectrum analyzer?  What fundamental did you expect from the label on the pipe?  What harmonics are present?  How does the presence of harmonics change the sound over that of the pure tone?   
Repeat the two plots for the train whistle or sliding pipe.
3.  Plot your time and frequency domain signal for the tuning fork.  Fit the oscilloscope data to a sine function and determine the frequency of the fit.  What was the frequency measured from the oscilloscope and frequency analyzer?  What frequency did you expect?

4.  Plot the swept sign curves on the same graph.  Does the peak frequency stay constant, increase or decrease as the voltage amplitude sent to the speaker increases?

Submit one set of graphs per group.  Be sure your graphs are properly drawn.  A single excel spreadsheet or origin project is desired.  There is no need to submit paper graphs.    
O-scope
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