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EJT 28 Nov 05



Purpose:  study the resonant behavior of a lumped acoustic system
References: 

1. KFCS chapter 10
Apparatus:  Glass Flask with various necks, water and graduated cylinder, loud speaker, electret microphone
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__________________
Pre-Lab Preparation

1.  Read section 10.8.  Specifically note equation 10.8.8 that describes the resonance frequency of a Helmholtz resonator.
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In this equation, S is the cross sectional area of the neck, L’ is the effective length of the neck, and V is the volume of the flask.  (1000 ml = 10-3 m3).

2.  Show that the theory predicts, for a fixed volume, V, a plot of  L/a vs. a/f2 (L = length of neck, a = radius of neck, and f = resonance frequency) should be a straight line.  What are the slope and intercept of this line? 

3.  Show that the theory predicts , for fixed L and a, a plot of f2 vs. 1/V should be a straight line.  What are the slopes and intercepts of this line?
4.  The basic flask has approximate dimensions: volume = 1000 ml, length of neck ~ 5 cm, diameter of neck  ~ 2.3 cm.  Calculate the approximate resonance frequency of this flask as a Helmholtz resonator.
Procedure:  

1.  Blow across the mouth of the resonator to get an audible understanding of the frequency.  Is the frequency of this tone about what you predicted above?
2.  Set up the detection system in the “swept sine” mode for the spectrum analyzer as shown in the block diagram below.  The equipment listed is somewhat generic redundant.  Note any modifications you made from the basic block diagram in the space below.  

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  
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Figure 1.  Block diagram for swept sine mode resonance analysis of a wire.
3.  Spectrum Analyzer Setup.
Instrument Mode:  Swept Sign

Source Level:  2 v rms – do not overdrive the speaker.  If you see deformed sign waves on ch 2, lower the source level.
Linear Sweep

Manual Frequency:   
Start 20Hz




Stop 200 Hz

Resolution Setup:  Resolution:  at least 500 points/sweep

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

4.  Power and Pre Amp Setup.
Power Amp – 
1x amplification  (this should provide 100 mv rms to the drive coils as seen on the multimeter and oscilloscope.  

Pre  Amp – 
Band pass filter  30 – 1000 Hz (adjust as needed)



AC coupling



Gain: ~2

5.  Accurately determine the resonance frequencies and Q’s  for the basic resonator and for the resonator with at least four different necks inserted.  Be sure to record the length and diameter of the necks
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KFCS 10.8.8.

6.  Choose one of the necks and measure the frequency for at least 5 different volumes by adding water to the flask.  DO NOT GET THE MICROPHONE WET.  After the last measurement, remove the microphone and determine the volume of the cavity by filling it with water to the inner edge of the neck.  Record the room temperature.
Report:
1.  Plot the data of step 5 to obtain a straight line.  Use a least-squares technique to determine the slope to the expected theoretical value.  Determine the end correction from your data and compare this to the theoretically expected result.
2.  Plot the data of step 6 in such a way as to obtain a straight line.  Use a least-squares fit to determine the slope and intercept of your data.  Compare the slope to the expected theoretical value.  Determine the end correction from our data and compare this to the result obtained above and to the theoretically-expected result.

3.  For the necks used in step 5, calculate the relative importance of radiation loss and wall losses.  Are wall losses negligible?  If so, plot the data to obtain a straight line and compare the slope and intercept to the theoretical expected results.  
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