Physics Department

SP436 Lab

U. S. Naval Academy

EJT 19 Nov 07


Purpose:  Study the standing wave patterns in a 3D in a cylindrical Cavity.

References: 

1. KFCS chapter 9

Apparatus:  Plexiglass cylinder with loud speaker, microphone with probe

Wavetek Type 29 Signal Generator

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__________________

Agilent 35670A  spectrum analyzer  

S/N__________________

Theory and Pre-Lab Preparation

1.  Read section 9.3.  Specifically note equation 9.3.8 that describes the resonance frequency of a cylindrical cavity as:
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In this equation, L is the length of the cylinder, and a is the radius of the cavity.  The extrema of the Bessel functions of order m and kind n are represented by j’mn.  
2.  The cylinder has approximate dimensions: length  ~ 18 cm, diameter ~ 10 cm.  Check these numbers.  Length=____________, Diameter=________________. 

3.  Based on your experience with the membrane, what do you expect the radial pattern to look like for each of the modes?  Based on your experience with bars and strings, what do you expect the longitudinal patterns to look like?  Remember the boundary condition is that the pressure is a maximum at the wall and velocity is zero.  It is hopefully not surprising that the radial pressure variation is:
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Since j01’=0,  any m=0, n=1 mode will have a uniform radial pressure profile.  Modes with m=1 and n=1 will have the radial pressure profile below left and m=0, n=2 modes will have the profile on the right.   
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Similarly, the longitudinal pressure variation is:


[image: image5.wmf]Zcosz

L

p

æö

=

ç÷

èø

l


When l= 0, the longitudinal pressure profile will be constant.  Below are the longitudinal profiles for l = 1, 2 and 3 left to right respectively.
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4.  Unfortunately our apparatus does not allow us to examine azimuthal variations, so all except one mode you will investigate has m=0.  The azimuthal variation is:
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And the total pressure field in the cavity is:
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Calculate the Frequencies for the following modes:
	l
	m
	n
	jmn’
	f (Hz)

	1
	0
	1
	
	

	2
	0
	1
	
	

	3
	0
	1
	
	

	4
	0
	1
	
	

	5
	0
	1
	
	

	0
	1
	1
	
	

	1
	1
	1
	
	

	2
	1
	1
	
	

	3
	1
	1
	
	

	4
	1
	1
	
	

	5
	1
	1
	
	

	0
	0
	2
	
	

	1
	0
	2
	
	

	2
	0
	2
	
	

	3
	0
	2
	
	

	4
	0
	2
	
	

	0
	2
	1
	
	

	1
	2
	1
	
	

	0
	3
	1
	
	

	1
	3
	1
	
	

	0
	4
	1
	
	

	1
	4
	1
	
	

	0
	1
	2
	
	

	1
	1
	2
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Procedure:  

1.  Set up the detection system in the as shown in the block diagram below.  
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Figure 1.  Block diagram for swept sine mode resonance analysis of a cylindrical cavity.

2.  Set the analyzer to the swept sign mode with a source voltage less than 100 mVrms.  Examine your predicted frequencies to determine the range of the sweep.  Position the microphone near one of the flat walls but away from any radial nodes (why?)  .You should conduct enough sweeps to exam the frequency band from 500 Hz up to about 6000 Hz.  You should repeat sweeps over smaller frequency bands where different modes have close frequencies.  Identify each mode you detect as best as possible.     
3.  Power and Pre Amp Setup.
Pre  Amp – 
Band pass filter  30 – 10000 Hz (adjust as needed)



AC coupling



Gain: ~2

4.  Identify three modes that have longitudinal variation such that l = 1, 2 and 3 and determine their resonance frequency.  Replace the frequency analyzer with the function generator set to one of these frequencies.  Record the microphone output voltage as a function of longitudinal position, z.  Check the radial variation is what you expect and avoid the radius of a node.  Repeat for the other 2 modes.  Take enough data points to verify the pressure variation agrees with the theoretical curves shown above. Why is m=0, n=1 the best choice here?
4.  Identify  two modes that have radial pressure variation (any m=1, n=1 mode and any m=0, n=2 mode will work) and determine their resonance frequencies. Set these frequencies on the function generator and record the microphone output voltage as a function of radius using the two holes in the side of the cylinder.  Check the longitudinal variation by sampling the longitudinal variation from an appropriate hole at the end of the cylinder.  Stay away from the radius of a node.   Take enough data points to verify the radial distribution is as predicted above.

Report:

1.  For the 5 modes studied, plot normalized microphone voltage vs. r or z as appropriate.  On the same plot, show the theoretical variation.  

2.  Plot the microphone output voltage as a function of frequency.  On this plot, identify all resonant modes that appear.  (i.e. 0,1,1  - 1950 Hz)
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