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Purpose:  To determine the speed of sound in an air-filled tube from a study of the standing waves.  This will be accomplished by measuring the frequency and wavelength of these resonant standing wave modes of the system. 

References: 

1. KFCS chapter 10 
Apparatus:  
Procedure A:

Kundt’s tube with source and microphone, 

Agilent 35670A  spectrum analyzer  

S/N__________________

HP467A Power Amplifier


S/N__________________

SRS SR560 preamp



S/N__________________ 
Tektronix TDS3012B oscilloscope

S/N__________________ 
Procedure B:

Resonance tube with speaker (woofer) and microphone

Agilent 35670A  spectrum analyzer  

S/N__________________

HP467A Power Amplifier


S/N__________________

SRS SR560 preamp



S/N__________________ 

Tektronix TDS3012B oscilloscope

S/N__________________ 

Theoretical Background:
The Standing Wave Model – Tube Closed Both Ends
If the standing wave in the air filled tube closed at both ends (Kundt’s tube) is approximated by 
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where the resonance condition is 
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Resonant frequencies can then be found as follows
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since f1 = c/2L.  This shows that f(n)/(n f1) is unity.  The next higher adjacent resonant frequency is then:
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Subtracting the two adjacent frequencies leaves
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The Standing Wave Model – Tube Open at One End, Closed at the Other

If the standing wave in the air filled tube closed at one end and open at the other (Resonance tube) is approximated by 
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where the resonance condition is
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Then the resonance frequency can be found.
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In this case, f1= c/4L.  The frequency separation between adjacent frequencies is:
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Description of the Tube-Driver System

Starting with the linearized Newton’s Second Law in one dimension.
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The space derivative of the pressure assumed for a standing wave is
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So the velocity is
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The driving point impedance of the resonant tube is then (at x=L).
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 The total impedance of the system must include the impedance of the driver
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Total mechanical impedance is the sum of the pipe and driver.  

The imaginary part of this impedance must be zero at resonance.  This requires the following condition be satisfied.
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This is a transcendental equation, best solved graphically with a curved line representing the left side of the equation and the cotangent curves superimposed.  The resonant modes are the intersection of the two.  

The first 2 intersections are about equally spaced.  This region is called the stiffness-dominated region since s/ dominates.  In this region, the drive is displacement or velocity-like. 
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Figure 1 – Frequency of resonant modes.
Above n=6, the intersections are again equally spaced, but here the term mdominates and the region is called mass dominant.  The drive is said to be force-like in this region.   

The points n=3, 4, 4a, and 5 represent the system passing through the resonant frequency of the driver.  Here the system is resistance-like and is characterized by an unequal spacing of resonant frequencies and a low resonant Q.  In fact there is an “extra” resonant modeat about the fourth multiple of the n=1 frequency.  For this reason the label 4a will be used throughout this report.

Procedure A – Kundt’s Tube:  

1.  Measure the length of the tube.  Predict the expected resonance frequencies.
WARNING:
Recall that it is good laboratory practice always to record data and ancillary information in sufficient detail so that they can use if necessary in a future unanticipated experiment.  This prevents having to redo measurements (a time-consuming process).

2.
Measure the temperature of the air in and around the tube.

3.  Set up the detection system in the “swept sine” mode for the spectrum analyzer as shown in the block diagram below.  
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Figure 2.  Block diagram for swept sine mode resonance analysis of a tube.
4.  Spectrum Analyzer Setup.
Instrument Mode:  Swept Sign

Source Level:  50 mv rms

Linear Sweep

Manual Frequency:   
Start 100 Hz




Stop 3 kHz

Resolution Setup:  Resolution:  at least 500 points/sweep

Trace Coordinate:  Linear Amplitude  (you will select dB to find 3dB down points)

Scale:   Auto scale “on”
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5.  Power and Pre Amp Setup.
Power Amp – 
1x amplification  

Pre  Amp – 
Band pass filter  30 – 3000 Hz (adjust as needed)


AC coupling



Gain: ~20

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.  You will notice a succession of voltage peaks occurring fairly regularly as function of frequency about every 300 Hertz.  At each of these voltage peaks determine the ½ power frequency.  Disconnect the analyzer and replace it with the function generator.  Set the frequency to the lowest resonance frequency with the volgage at about 2 V p-p.  Increase the driving voltage somewhat until a moderate but well-defined agitation of the cork dust is obtained.  

8. 
For each resonance, determine:

a)
The frequency (and its uncertainty) for each observed maximum voltage.

b) The frequencies (and their uncertainties) for which the voltage amplitude is 6 dB less than that of the peak. (It may not be possible to obtain these in all cases; if so, note in your record.)

c) At each observed resonance, adjust the voltage applied to the drive to obtain a degree of agitation of the cork dust that allows a determination of the positions of the nodes in the particle velocity distribution (locations of minimum agitation). Measure the distance (and its uncertainty) from the microphone end to the node closest to the driver.
d) The frequency (and its uncertainty) of maximum agitation of the cork dust.

(Note:  Do not assume the drive is at an anti-node).
9.
Record the temperature T inside the tube.

Procedure B – Resonance Tube:  

1.  Measure the length of the tube.  Predict the expected resonance frequencies.
WARNING:
Recall that it is good laboratory practice always to record data and ancillary information in sufficient detail so that they can use if necessary in a future unanticipated experiment.  This prevents having to redo measurements (a time-consuming process).

2.
Measure the temperature of the air in and around the tube.

3.  Set up the detection system in the “swept sine” mode for the spectrum analyzer as shown in the block diagram above.  In this case, the woofer and speaker are at the same end.
4.  Spectrum Analyzer Setup.
Instrument Mode:  Swept Sign

Source Level:  500 mv rms

Linear Sweep

Manual Frequency:   
Start 30 Hz




Stop 1.5 kHz

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 – 3000 Hz (adjust as needed)



AC coupling



Gain: ~20

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.  You will notice a succession of voltage peaks occurring fairly regularly as function of frequency.  

8. 
For each resonance, determine:

a)
The frequency (and its uncertainty) for each observed maximum voltage.

b) The frequencies (and their uncertainties) for which the voltage amplitude is 6 dB less than that of the peak. (It may not be possible to obtain these in all cases; if so, note in your record.)

9.  Adjust the length of the tube and repeat steps 1-8 for 5 different tube lengths.

10.
Record the temperature T inside the tube.

Report:
1.  Plot the resonance spectrum for the Kundt’s tube and resonance tube by importing your analyzer data into Excel or Origin.  Identify the value of n and the frequency for each resonance peak.
2.  For the Kundt’s tube, 


a.  For each resonance, compare the frequency of maximum cork dust agitation with that of the maximum voltage amplitude.  Are they the same or different within your estimated measurement uncertainties.  Which has greater precision?    Display your results in a table.


b.  Calculate the wavelength and its estimated percentage uncertainty for each resonance frequency.  Again create a table.

c.  Calculate the Q and its percentage uncertainty for each resonance.  If in some case you have insufficient information for a good calculation, then make a reasonable estimate (with uncertainty) based on the data you do have.  Tabulate Q’s for each resonance. 

d.  Theoretically, f=c, and for air c is a function only of temperature.  Make a graph of f vs. 1/.  What is the slope of this curve?  What does the slope represent?

e.  For the ith resonance, obtain a speed of sound ci=fi and its percent uncertainty.  Calculate the average sound speed over the measured resonances, its standard deviation and its percentage uncertainties. What does averaging accomplish?  Show your calculations in a table.

f.  Compare your predicted frequencies against those you measured.  How do they look?  Make a plot of  the frequency of the resonance divided by n times that of the lowest resonance, f(n)/[nf(1)], as a function of resonance number.  See if you get a straight line of value +1.  If not, determine where things seem to be haywire and explain the results based the theoretical description of the tube-driver system.

3.   For the resonance tube,


a.  Pick one tube length and calculate the Q and its percentage uncertainty for each resonance.  If in some case you have insufficient information for a good calculation, then make a reasonable estimate (with uncertainty) based on the data you do have.  Tabulate Q’s for each resonance.

b. Make a plot of the fundamental resonance frequency vs. odd integer multiples of the inverse of  4 times the corresponding tube length. What is the slope of this curve?  What does the slope represent?   


c.. Compare your predicted frequencies against those you measured.  How do they look?  Make a plot of  the frequency of the resonance divided by n times that of the lowest resonance, f(n)/[nf(1)], as a function of resonance number.  See if you get a straight line of value +1.  If not, determine where things seem to be haywire and explain the results based the theoretical description of the tube-driver system.

4.  We showed that the theoretical speed of sound in a gas is given by 
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, where  is the ratio of specific heats, r is the specific gas constant, and Tk is the Kelvin temperature.  Using textbook information, calculate the theoretical speed of sound from the tube temperatures before and after the experiment and the resulting uncertainty in the value of the speed of sound.  Are your results consistent with the theoretical prediction?  
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