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Purpose:  To study the excitation and detection of the various free vibrations of a circular membrane with a fixed rim.
References: 

1. KFCS chapter 4
2. http://www.falstad.com/mathphysics.html
Apparatus:
Circular crochet hoop, elastic membrane, reflective tape, LF speaker, stands and clamps.   

Polytec PDV 100 Laser Doppler Vibrometer
S/N  6 04 0303

Agilent 35670A  spectrum analyzer  

S/N__________________

HP467A Power Amplifier


S/N__________________

SRS SR560 preamp



S/N__________________ 
Tektronix TDS3012B oscilloscope

S/N__________________ 
HP 3478A rms voltmeter


S/N__________________

HP5316B frequency counter


S/N__________________
Wavetek Model 29 Function Generator
S/N__________________

Procedure:  

1.  Measure the diameter of the hoop. Stretch a piece of elastic sheet evenly in the hoop.  Tap the membrane.  What do you estimate the frequency to be?

2.  Attach very small pieces of reflective tape at intervals of no greater than 0.5 cm along a diameter.   
3.  Set up the detection system in the “swept sine” mode for the spectrum analyzer as shown in the block diagram below.  Place the speaker below the hoop and position the LDV on the tripod looking down on the hoop approximately 37.2 cm above the hoop.  Look at figure 4.4.1 in KFCS and the animations in reference 2.  Where is the best location to aim the laser to detect all possible vibration modes?    

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  

[image: image1]
Figure 1.  Block diagram for swept sine mode resonance analysis of the membrane using the Laser Doppler Vibrometer (LDV).
4.  Spectrum Analyzer Setup.
Instrument Mode:  Swept Sign

Source Level:  100 mv rms

Linear Sweep

Manual Frequency:   
Start 10 Hz




Stop 300 Hz

Resolution Setup:  Resolution:  at least 500 points/sweep

Trace Coordinate:  Linear Amplitude  
Scale:   Auto scale “on”


5.  Power and Pre Amp Setup.
Power Amp – 
1x amplification  
Pre  Amp – 
Band pass filter  10 – 300 Hz (adjust as needed)


AC coupling



Gain: ~2

6.  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. 

7.  Attempt to identify all the modes you sweep through.  Recall that the frequencies are given by: 
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KFCS 4.4.12


In this relationship, jmn are the zero crossings of Bessel Functions of the First Kind of order m and zero crossing n.  Values for these zero crossings are found in Appendix A5.(c).
8.  Remove the HP analyzer and connect the Wavetek function generator to the speaker and channel 1 of the oscilloscope.  Set the frequency to the peak found for the m = 0, n = 1, fundamental mode.  Set the output to about 300 mV p-p with an amplification of about 2.  You can adjust  the frequency slightly to maximize the response of the membrane.  Theory predicts the shape of the oscillations should be Bessel functions of the first kind of order m.  For this mode with m = 0, we expect the displacement along any diameter to look like a Jo Bessel function out to the first zero crossing. 
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KFCS 4.4.10
9.  Use the oscilloscope “Measure” button to determine the voltage signal from the LDV that is proportional to the displacement at this frequency.  Determine the relative displacement at each of the locations you placed the reflective tape.

10.  Change the function generator to the frequency for the m = 0, n = 2 mode.  Repeat step 9 for this mode.  What shape do you expect the displacement to take along any diameter?

11.  Make another elastic membrane.  Place reflective tape spots about every 20 degrees in a circle of radius 2.5 cm.  Attempt to excite the m = 1, n=1 and m = 2, n=1 modes.  What do you expect for the shape of the displacements about this azimuthal orientation? Recall that our solution method was separation of variables and that the azimuthal solution is:
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KFCS 4.4.10
Report:
1.  Import your data into a plotting program such as Origin or Excel.  Plot the LDV amplitude as a function of frequency for both membranes.  Label the mode (m,n) for each peak.  Origin has a function that allows your to “pick peaks” to identify the resonance frequencies.  Consider using it.
2.  Make a table to summarize your measurements of the frequency of each mode.  Include a column for the predicted frequency and the measured frequency for each membrane along with the wave speed for each membrane.  Include uncertainties in your results.

3.  For the m = 0, n = 1 mode, plot normalized displacement as a function of radius.  On the same plot, show Jo(kr) and cos(kr).  Which theoretical fit shows better agreement with the data? 

4.  Repeat for the m = 0, n = 2 mode.  This time plot the absolute value of Jo(kr).

5.  For the azmuthal modes studied (m = 1, n = 1 and m = 2, n = 1), plot normalized amplitude as a function of azmuthal angle.  Also plot the appropriate theoretical curve. 
6.  Do you expect any degenerate modes?  Why?  What might cause a splitting of the degeneracy?  How might the experiment be improved to eliminate the splitting? 
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