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Meeks Workshop  - Four experiments   MJM   June 6, 2008

rev 2
All experiments: record the temperature in the lab. From this, calculate the velocity of sound in air according to the formula c = 331.3 ((T/273) m/s, where T is in kelvins.

HELMHOLTZ RESONATOR
Simple theory of the resonator. The basic idea of a Helmholtz resonator is that of a mass-spring system. The mass is that of a plug of air in the neck, and the spring is the air in the interior volume being compressed and expanded. The sketch below shows a plug moved a distance x into the volume V. The plug has an area A, a length L, and a mass m = (AL.  
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There is a pressure p in excess of atmospheric pressure within the slightly compressed volume. The net force on the plug is  F = pA. To find the relation between x and p, we utilize the compressibility ( = -1/V (V/(p.  The plug changes the volume. and  (V = - A x, so we have

( = -1/V (-Ax)/p = Ax/(V F/A) = (A2/V)(x/F). We can take F/x as k the spring constant. Then


k = (A2/V)(1/()
spring constant of the volume; ( = compressibility of air


m = (AL

mass of the plug of air


(   = ((k/m) = ([1/((()]  ([A/(VL)]
resonator’s oscillation frequency

Since the bulk modulus B is the reciprocal of compressibility, B = 1/(, and c = sound velocity = ((B/(),


(   = 2(f  = c  ([A/(VL)]


· A = (a2, where a is the radius of the neck

· V is the ‘interior’ volume, that volume with no appreciable KE; less than the total measured volume
· L is the ‘effective’ neck length. To account for the KE just outside the neck, one adds a correction factor (L = ga, where g is around 0.6 for an unflanged neck, and 0.85 if flanged.
Next page for procedure

Helmholtz resonator with several neck attachments.

· The tie-clip mike should hang maybe 5-8 cm inside the resonator opening. 

· The mike should be turned on with a little button, and the audio amplifier must also be turned on.  

· Don’t turn up the Pasco signal generator amplitude past the 8 o’clock or 9 o’clock position

· Record the resonant frequency based on the maximum reading on the scope. (Be careful to find the lowest resonance; there are some smaller resonances higher up which can be misleading)

· With the resonator empty, measure the resonant frequency for three different neck lengths. (This could be the empty resonator and 2-4 additional neck lengths

· For a given neck length, measure the resonant frequency for 3-4 different volumes.

· Empty the water and turn off the mike and amplifier when done

Stiff plastic POM bottle with pvc neck extensions.

· Be very careful not to dunk the tie-clip mike in the water!!

· Find the resonant frequency with the bottle empty.  The neighborhood is 150-200 Hz Hz. Add water in increments of 80 ml or so, till about 300 ml added. {After this, the plot mentioned below is not so linear} To the empty POM bottle, add neck length using the pvc sections {0 to 40 mm in 10 mm increments} Use masking tape or poster putty to hold the sections together.
Metal apparatus with the flat top and screw-in attachments. (Dr. Meeks’ original setup.)
· Be very careful not to dunk the tie-clip mike in the water!!

· Move the apparatus to the bench nearest the sink. Make sure the putty is sealing the small hole well.

· The resonance with no attachments and no water added should be in the 140-160 Hz range.

· After measuring the resonance frequency empty, add 300 ml of water and repeat. After that, add another 300 ml and repeat. Now change the neck length by screwing in one of the attachments. Then measure the resonant frequency for this neck length. Repeat with one other neck length.

1/f2 = (2(/c)2 VL/A, so 1/f2 will vanish if either V or L vanishes. Plotting 1/f2 vs volume has a y-intercept when V = 0, and plotting 1/f2 vs neck length has a y-intercept when L = 0.. 

By plotting 1/f2 vs volume added, one should get an intercept equal to the ‘effective’ volume of the resonator. This not the entire empty volume, but the part with negligible kinetic energy (the KE will be significant near the neck, but quite small away from the neck).  

{For the POM bottle, I measured the entire volume to be around 1100 ml, and the intercept turned out to be around 1000 ml.}
By plotting 1/f2 vs added neck length (L one should get an intercept equaling the effective neck length. {I used the original and four neck attachments for the POM bottle and got an intercept of about 5.5 cm, which does not look unreasonable.}

Ultrasonic image source and interference

Start with the source touching the tabletop. 

The sound waves will go directly to the detector 

and also reach the detector by bouncing off the 




           detector

tabletop. Because the velocity at the tabletop in 

the vertical direction must be zero, the effect of 

the reflection is to have a second source in phase 
  source
with the first as far below the tabletop as the real 

source is above it. This is like Lloyd’s mirror in          image
optics, except that the image source is in phase 

and not out of phase.
The source and image must be in phase because the acoustic velocity at the surface cannot be perpendicular to the surface.


Set the Pasco to around 40 kHz and tune for maximum detector signal. Then record the frequency and leave this frequency for the rest of the experiment.  Set a height of the detector 4 to 7 cm above the surface, and also set a height of the source above the surface, something like 3 to 5 cm off the benchtop. Measure heights to the middle of the source or detector. Position the detector about 40-50 cm from the source. Move the source toward the detector. You will see the signal increase rather steadily, with little up-and-down wiggles along the way. This increase makes sense since the detector and source are getting closer. 
(The little wiggles seem to be due to a reflection from the detector or its apparatus, then back to the source, and again reflected to reach the detector. The doubly reflected signals are smaller than the main signals, but will produce small max’s when in phase with the main signal, and mins when out of phase. The max’s or mins in the wiggles seem spaced (/2 apart; the round trip changes by ( when the distance increases by (/2.) 
You are looking to find large minimum or large maximum in this pattern. Record the distances between source and detector where you find clear max’s or min’s. Record the horizontal distance between source and detector, from the grill of one to the grill of the other. [The actual source positions may be further away that where the grill is. You'll have to see how this works out when you analyze the data.]

Change either the source or detector height so that its distance from the tabletop is about double what it was the first time. Repeat the detector measurements for max’s and mins, recording the values. Then do a third trial in which one of the original heights is placed at about half its initial value, and record the locations of the min or mins you find.

The mins should occur where the path difference between the sources is a half-integer number of wavelengths. [The sound waves bouncing off the surface look like they are coming from a source as far below the benchtop as the source is above it. Both sources have to be in phase in order for the acoustic velocity component normal to the surface to be zero (unless it is a very soft benchtop!). 

(over for more)

I set up a spreadsheet putting in the heights and frequency and the temperature, calculated the wavelength, and then made a plot of the path difference divided by wavelength. Half-integers should mean mins, and integers should mean max’s..

Report the data from your experiment, and how the min positions compare to what was calculated. Estimate roughly the uncertainty in the min positions. Did the grill-grill distance work ok, or did you need to add some distance?

Lissajous wavelength measurement. Set the ultrasonic source and detector at the same height and place the detector next to a taped-down meter stick so you can measure the distance the detector moves. Have the x-input of the scope directly driven from the Pasco, and the y-input driven from the detector. Steadily increase the distance between the source and detector, watching the pattern on the scope. When the signals are in phase, there is a straight line on the scope rather than an ellipse. Count 8-12 complete phase changes, corresponding to 8-12 wavelengths of detector movement. Calculate the speed of sound and compare it to the product of frequency and wavelength (this should be very close, even at 40 kHz).

[ I measured 8, to an accuracy of about 1 part in 71. I couldn’t measure to better than about 1 mm. My value of c = f( agreed with c  = 331.3 sqrt([T/273.15] to about 1 part in 345, so the two are reasonably consistent.
 Q values of open-open tubes.

You will be measuring pvc pipes from 1" to 4", finding the ‘quality factor’ Q of each near a frequency of 192 Hz. First measure the inside diameter and length of each tube. (The lengths are not all the same because there is an additional effective length of about 0.6 radii which must be added in at each end.) Measure the resonant frequency and half-power points for four tubes which resonate near 191 Hz, something like 1”, 2”, 3” and 4” tubes. These will be fairly quick once you get the hang of it, so do two runs per tube, and have all participants do at least two measurements.

Turn on the audio amp and the tie-clip mike switch at the beginning and turn them off at the end.

There is a thermometer on the main lab bench (among all the rubble), which will give you room temperature. 

Place the tie-clip mike in toward the middle of the tube, then adjust the frequency of the Pasco generator to find the values. Use the scale with 5 sig figs (like 192.34 Hz). The half-power points are when the response amplitude is 0.707 of the max amplitude. (I usually set the max amplitude to 8 divisions, then shoot for the half power points at 5.6 divisions.)

For one tube, obtain a resonance curve for that tube and later fit the data to a lorentzian curve (see A(( ) below) to find the damping and thus be able to calculate Q.  A simple way to get 7 data points is to set the max signal at resonance equal to 8 divisions (4 on either side of center) using the scope gain.  Then change the frequency till the signal takes up exactly 6 vertical divisions, then exactly 4 vertical divisions, then exactly 2 vertical divisions (1 to either side of center). This is a total of 7 frequencies: one at the max (8 divs), and 2 freqs at 6, 4 and 2 divisions.]

The curve for fitting amplitude vs. frequency is


A(() = Ao/([ ((2 -(o2)2 + (2(()2 ]
You would like to adjust Ao and (o and ( in fitting the data. From ( one finds Q = (/(2()

Report the Q for each tube. For the half-power method, you should have a couple of values, so you  could report the average and standard deviation of these. 

The relative losses due to sound radiated out the ends increase as the square of the tube diameter. There are also losses due to viscosity in a boundary layer within about 1/5 mm (at this frequency) of the wall. These losses (relative to the average energy stored in the tube) decrease with tube diameter. Tube Q vs tube diameter should then look like


1/Q = a D2 + b/D ,

where the coefficient a has do do with sound radiated out the ends, and b has to do with viscous losses near the wall. 

Measure Q of a resonator box by observing the time for the signal to drop to 1/e of its initial value. Put a mike inside the box and record the signal. Since <y(t)> = yo exp(-(t), the time to drop to 1/e is equal to t1/e = 1/(. From this we get Q  = (/(2() = ½ ( t1/e .  You could do the same thing for a tuning fork struck and held down on the tabletop.  Q for the resonator box will be high!!

(over: electrical measurements on a speaker show that it behaves like a damped driven harmonic oscillator)



Speakers as damped driven oscillators.

Set up the circuit at the right.
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Dr. Meeks recommended calculating
|Z| = 1000 Vs/Vi,
Where Vs and Vi are RMS voltages.

I have found that the plot of Z vs frequency can be fitted with the curve of a damped harmonic oscillator.

The curve for fitting amplitude vs. frequency is


A(() = Ao/([ ((2 -(o2)2 + (2(()2 ]

You would like to adjust Ao and (o and ( in fitting the data. (  has to do with damping, (o is the undamped frequency, and Ao the overall response amplitude.

This does offer evidence that speakers behave like driven damped oscillators, since the curves match up somewhere between very well, and fairly well.

Fresnel zone plate 

Keep the source and detector at the same height, lined up. The zone plate needs to be centered along the line of the source and detector, and moved along the table by its ringstand, guided by contact with a 2-m stick. Set the Pasco frequency to around 40 kHz and adjust it till you get the maximum signal from the detector. 

Set the distance from source to zone plate at around 12 cm from the front of the source (you'll have to see if the calculations work out best to take the position of the source at the front of the grill or back a few mm). After recording this distance, start the detector around 40 cm from the zone plate and move it toward the source. Try to find the position of the maximum response. Use the 2-m stick as a guide for the detector. You want to keep the zone plate centered between the source and detector, but this is hard to do, so you should do a little lateral exploring to see if moving the detector sideways gives a larger signal.  When you have the position of maximum signal, record the position and also the signal voltage amplitude on the scope. Then remove the zone plate to see what signal there is from the source without any 'gain', and record the voltage amplitude of this signal. Estimate the uncertainty in the detector position.  

Then repeat for a source to zone plate distance of 16 cm, and then again for 20 cm. Record the temperature of the room from a wall thermometer, and calculate the velocity of sound in air at this temperature from the formula v = 331.3 m/s ((T/273), where T is in kelvins. From the speed and frequency you can calculate the wavelength of the waves. 

Then measure the smallest two diameters on the plate (for zones 1 and 2) and from these calculate a focal length of the zone plate. 

Make a table of results for the zone plate focal length from its dimensions and from the three runs you did at different distances, 'focusing' the waves from the source. In this table, also put down the 'gain' in signal due to the zone plate at each of the three different distances.

Ultrasonic grating. Use a dozen or so pencils spaced so that you expect an interference peak at 20o to the normal, and use a single source and detector to see how it comes out.

