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Abstract 
The overall purpose of this lab was to measure the change in sound pressure level (SPL) to an A 

note when there a ukulele sound chamber, and when the front of the sound chamber was stuffed 

with foam. There were significant interaction effects, and while the sound chamber caused an 

increase in the SPL for the first harmonic, second harmonic and the ratio between the two values, 

the foam produced a significant change in the SPL for the first harmonic and second harmonic, 

but not for the ratio between the two.  

Introduction 
The goal of this experiment was to determine how a sound chamber and foam pressed to the 

front of the sound chamber affected the amplification and the timbre (the tone quality) for a note 

on a ukulele. In this experiment, a 3D Printed ukulele out of ABS (a type of plastic) with Nylon 

was used for the apparatus. This ukulele was modeled to a standard soprano ukulele, but it had 

the ability to easily separate the back of the sound chamber. The 3D Model is shown in Figure 1.  

 

 
Figure 1: 3D Model of the Ukulele 

 

 

This was a two-factor experiment analyzing the sound chamber of a Ukulele. The factors chosen 

were a sound chamber and ¾ inch thick foam with the two levels being the addition or omission 



of these factors as shown in Table 1. The foam chosen for this experiment was Polyurethane 

foam that was laser cut to be 0.001m larger than the sound chamber to allow it to stay in place.  

 

 
Figure 2: Case 4 with an Open Back and Laser Cut Foam 

 

Foams like the polyurethane foam are often used for sound damping in cars to reduce the 

vibration from the engine. They store the strain energy from the sound waves and dissipate it as 

heat [4]. In the research article, Mechanical Parameters Effects on Acoustic Absorption at 

Polymer Foam, the study analyzed the effect of polyurethane on acoustic sound levels as well as 

the quality of absorption. Their results emphasized that in the medium and high frequencies 

(starting at around 600Hz), Polyurethane works well in absorbing noise, but it has difficulties in 

lower frequencies [4].  

 

The outputs of the experiment were the sound pressure level (SPL) of the first two harmonics as 

well as the ratio between the SPL in the two harmonics. The SPL was measured in dBSPl, which 

is found by taking the log of the root mean square of the pressure divided by twenty 

microPascals and multiplying by 20 as shown in Equation 1 [2].  

 

 
Equation 1: Equation for Calculating dBspl [2] 
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SPL was chosen as an output to analyze how the loudness of the note played on the ukulele 

changed depending on a sound chamber and foam.  The ratio of the first and second harmonic 

was chosen to understand how the perception of the note changed, which is known as timbre, 

with the sound chamber and foam.  

 

In the paper, The Science of String Instruments, many string instruments were analyzed to see 

how the sound changes. While a ukulele was not used in this analysis, the information provided 

in the paper for guitars is similar to the occurrences in ukuleles. As explained in The Science of 

String Instruments, a guitar spreads the vibrational energy from the plucked string through bridge 

of the instrument which then transmits the vibrational energy to the back plate and air cavity to 

return out the sound hole [6]. Because of this, there may be high peaks around 100, 200 and 400 

Hz from the guitar body. This paper emphasized that the initial sound level was influenced by 

the resonance of the stringed instrument. This was inferred from tests on different types of sound 

chambers with cross bars on the inside of the sound chamber, on different bridges and on 

different top plate thickness. From their study, they determined that bridge affected the quality of 

the tone the most and was followed by the top plate thickness and the use of cross bars [6]. While 

this experiment did not use those three factors, it is important to note, especially since the 

elimination of the sound chamber body should lower the resonance of the ukulele as highlighted 

in The Science of String Instruments paper.  

 

Apparatus and Procedures 
 

The experiment took place in the Design Lab in Bray Labs at Tufts University. A CUI CMA-

4544PF Electret Condenser Microphone (ECM) was used to pick up the sound of the plucked A 

note on the ukulele. The ECM was omnidirectional and was able to collect a minimum frequency 

of 20 Hz and maximum frequency of 20,000 Hz [1]. The sound collected was then amplified 

using a LM741 Operational Amplifier with a gain of 100 [3]. A Ni myDAQ (the data acquisition 

system) connected the circuit to the computer and allowed for analysis with the LabView 

software. 

 



 The ECM was set up ten centimeters away from the front edge of the ukulele body. The ukulele 

was positioned upright as shown in Figure 3.  

 

 
Figure 3: Set Up of the Experiment for Case 1. 

 

 

For each run of the experiment, the A note (the right-most string on the ukulele) was plucked 6 

frets from the bottom. In between each run, the pitch of the A note was tested with the 

Intellitouch PT10 Mini Clip-On Tuner, an electronic tuner, to keep consistency in the note that 

was being measured. The plucking setup is shown in Figure 4.  

 

There were 10 

centimeters between the 

electret microphone and 

the front edge of the 

ukulele body for each 

run. 



 

Figure 4: Image of the specific position of the plucking of the A Note 

 

This experiment had two factors: a sound chamber and foam. The levels chosen were the 

addition of foam, the omission of foam at the front of the sound chamber, the addition of the 

back of the sound chamber, and the omission of the back of the sound chamber as displayed in 

Table 1.  

 

 Level 1 Level 2 

Factor 1 Sound chamber No sound chamber 

Factor 2 Foam No Foam 

Table 1: Factors and Levels of the Experiment 

 

There were four cases for the two factor, two level experiment, which are displayed in Table 2. 

 

Case # Factor 1  Factor 2  

1 Sound chamber No Foam 

2 Sound chamber Foam 

3 No sound chamber No Foam 

4 No sound chamber  Foam 

Table 2: Cases that were Run in the Experiment 

 

A Note plucked 

above the 6th fret 

from the bottom 

of the Ukulele 



In each case, the placement of the ukulele in relation to the microphone remained the same as did 

the placement of where the A note was plucked. The visual set up of the four cases are displayed 

in Figure 5. Each case was repeated 3 times for a total of four runs.  

 
Figure 5: The Four Cases for the Experiment  

 

Figure 6 provides an overview of what was measured in the experiment. The ECM was used to 

collect the sound of the A note from the ukulele, but it also picked up electrical noise and the 

loud air conditioning in the room. This information was sent from the ECM and the circuit to the 

data acquisition system which then was sent to the PC for an analysis.  

 

 
Figure 6: Block Diagram of the Experiment  

 



This experiment has three outputs: the SPL for the first harmonic computed in the band from 390 

Hz and 500 Hz, the SPL for the second harmonic computed in the band from 830 Hz and 1 kHz, 

and the ratio between the SPL for the two cases. SPL was measured in dBSPL. These bands were 

chosen because the A Note had a frequency of 440 Hz and the second harmonic was found at 

880 Hz. While these bands did not place the desired frequencies exactly in the middle of the 

band, they were chosen because after five initial tests of the experiment, the width of the 

frequency spike at 440 Hz and 880 Hz from the A note fell within this range.  

 

Results 
The experiment was measured with a sampling rate of 50000 Hz with 1024 samples per channel. 

Each recording was 0.0205 seconds long. The recording began at the same time that the note was 

plucked. The Nyquist frequency was 25000 Hz. From the collected data, a time domain and 

frequency domain graph were displayed using LabView as was the SPL for the two bands after 

each run. The measured SPL ranged from 50.31 dBSPL to 79.4 dBSPL. In comparison, a normal 

conversation from one meter away ranges from 50-70 dBSPL [2]. The twelve tests were ran with 

three repeats for each case.  These averages from the four cases are displayed in Table 3. As 

displayed in Table 1, the second harmonic had a larger dBSPL than the first harmonic in every 

run. The amplitude of the peak at 880 Hz was also consistently larger than the peak at 440 Hz.  

  

Table 3: Average Output Values for Each Case from the Twelve Runs 

 

The Time Domain graph and the Frequency Domain graphs for each of the cases from four of 

the twelve runs are displayed in Figures 7 through 14. For all frequency domain graphs, the 

Case Factor 1 Factor 2 
First 
Harmonic 

 Avg dBSPL 
of First 
Harmonic 

Second 
Harmonic 

Avg dBSPL of 
Second 
Harmonic 

Ratio of 
First and 
Second 

1 
Sound 
chamber No Foam 440 62.57 880 78.64 -16.07 

2 
Sound 
chamber Foam 440 56.72 880 67.53 -10.81 

3 

No 
sound 
chamber No Foam 440 50.62 880 53.96 -3.35 

4 

No 
sound 
chamber Foam 440 51.94 880 57.12 -5.19 



second harmonic had a larger amplitude than the first harmonic. Figure 7 displays the data from 

Case 1 where there was a sound chamber attached to the ukulele with no foam. The graph had 

peaks that ranged from 4.025 Pa to 3.48 Pa. In all the graphs from Case 1, there seemed to be an 

ongoing repetition of a superimposed sine wave, and in Figure 7, the graph had a pattern of a 

peak around 4.01 to a trough around 3.55 with the next peak around 3.97 to a trough around 

3.60. 

 

 
 

Figure 7: Time Domain Graph from Case 1 from the 8th Run of the Experiment 

 

Figure 8 displays the frequency graph, plotted in logscale, from Case 1 where there was a sound 

chamber attached to the ukulele with no foam. In all runs of Case 1, the power spectrum at 880 

Hz, the frequency of the second harmonic, was larger than the power spectrum at 440 Hz, the 

first harmonic. Some of the other overtones from the sound can be seen in Figure 8, such as the 

peak at 1320 Hz. There is also a small peak at around 220 Hz. The other sharp peaks in the data 

are due to the electrical noise in the room. 
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Figure 8: Frequency Domain Graph from Case 1 from the 8th Run of the Experiment 

 

Figure 9 displays the data from Case 2 where there was a sound chamber attached to the ukulele 

with foam in the sound chamber. The graph had peaks that ranged from 3.88 Pa to 3.67 Pa. In all 

the graphs from Case 2, there seemed to be an ongoing repetition of a more jagged superimposed 

sine wave, and in Figure 9, the graph had a pattern which is boxed of a high peak, to a trough in 

the middle of the range of pressure, to a small peak slightly above the middle to then a low 

trough.  

 

 
 

Figure 9: Time Domain Graph from Case 2 from the 7th Run of the Experiment 
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Figure 10 displays the frequency graph, plotted in logscale, from Case 2 where there was a sound 

chamber attached to the ukulele with foam in the sound chamber. In all runs of Case 2, the power 

spectrum at 880 Hz, the frequency of the second harmonic, was larger than the power spectrum 

at 440 Hz, the first harmonic. The other sharp peaks in the data are due to the electrical noise in 

the room. 

 

 
 

 

Figure 10: Frequency Domain Graph from Case 2 from the 7th Run 
 

Figure 11 displays the data from Case 3 where there was no sound chamber attached to the 

ukulele and no foam. The graph had peaks that ranged from around 3.81 Pa to 3.71 Pa. In all the 

graphs from Case 3, there seemed to be less of a discernable pattern, but the pressure had an 

overall trend upwards.  
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Figure 11: Time Domain Graph from Case 3 from 12th Run 

 

Figure 10 displays the frequency graph, plotted in logscale, from Case 3 where there was no 

sound chamber attached to the ukulele with no foam. In all runs of Case 3, the power spectrum at 

880 Hz, the frequency of the second harmonic, was slightly larger than the power spectrum at 

440 Hz, the first harmonic. The other sharp peaks in the data are due to the electrical noise in the 

room as well as the overtones of the note. 

 

 
 

Figure 12: Frequency Domain Graph from Case 3 from 12th Run 
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Figure 13 displays the data from Case 4 where there was no sound chamber attached to the 

ukulele but with foam in the sound chamber. The graph had peaks that ranged from around 3.84 

Pa to 3.69 Pa. In all the graphs from Case 4, there seemed to be less of a discernable pattern, and 

the graphs from Case 4 had the most peaks in the data.  

 

 
 

Figure 13: Time Domain Graph from Case 4 from the 10th Run 
 

Figure 14 displays the frequency graph, plotted in logscale, from Case 4 where there was no 

sound chamber attached to the ukulele with foam in the sound chamber. In all runs of Case 4, the 

power spectrum at 880 Hz, the frequency of the second harmonic, was slightly larger than the 

power spectrum at 440 Hz, the first harmonic. The other sharp peaks in the data are due to the 

electrical noise in the room as well as the overtones of the note, as well as some very small peaks 

between the two harmonics. 
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Figure 14: Frequency Domain Graph from Case 4 from the 10th Run 

 

Figure 15 displays the effects on the loudness for the first harmonic as well as the decision limit 

for that data. The addition of a sound chamber, foam and the interaction between the two are 

above decision limit of 1.556 dBSPL and, therefore, have significance. For the first harmonic of 

the A note, the sound chamber had an effect of 8.3678 dBSPL, the foam had an effect of 2.2668 

dBSPL, and the interaction between the two had an effect of 2.5137 dBSPL.   

 
Figure 15: Paretto Chart for the First Harmonic 
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Figure 16 displays the effects on the loudness for the second harmonic as well as the decision 

limit for that data. The addition of a sound chamber, foam and the interaction between the two 

are above decision limit of 0.7304 dBSPL and have significance. For the second harmonic of the 

A note, the sound chamber had an effect of 17.5394 dBSPL, the foam had an effect of  

3.9751 dBSPL and the interaction between the two had an effect of 6.4299 dBSPL.   

 
Figure 16: Paretto Chart for the Second Harmonic 

 

Figure 17 displays the effects on the ratio of the first two harmonics as well as the decision limit 

for that data. The addition of a sound chamber and the interaction between the sound chamber 

and foam are above decision limit of 1.9887 dBSPL and therefore cause significant effects. The 

effects from the addition of foam, however, fall below the decision limit and did not produce 

significant effects to the timbre of the sound. For the ratio of the first two harmonics of the A 

note, the sound chamber had an effect of 9.1716 dBSPL, the foam had an effect of 1.7083 

dBSPL and the interaction between the two had an effect of 3.9162 dBSPL.   

 

Decision Limit (95%): 
0.7304 dBSPL 



  
Figure 17: Paretto Chart for the Ratio of the First and Second Harmonics 

 

Discussion 
 

The graphs indicate that the addition of a hollow sound chamber increased the loudness of the 

ukulele note and had the largest significant effect for every output. The average SPL of the first 

and second harmonic for the cases with a sound chamber was larger than in the cases with no 

sound chamber. The experiment also suggested that the sound chamber changed the timbre of the 

instrument as shown by the large difference in SPL ratio of the first and second harmonic.  

 

The Paretto Charts indicate that the foam caused significant changes to the loudness of the sound 

for the 1st and 2nd harmonics but that the ratio between the two harmonics was not affected by 

the foam. This suggests that the foam did not affect the timbre of the sound. When the sound 

chamber contained foam, the SPL of the first and second harmonic was lower than the sound 

chamber without the foam, emphasizing that the foam hindered the sound of the note. This 

demonstrates that since the foam acted as a blockade to the sound chamber, the resonance in the 

chamber decreased, as did the SPL. When there was no sound chamber, the foam produced the 

opposite result, increasing the loudness of the first and second harmonic. This may have occurred 

because the foam acted like a backing and directed the sound towards the microphone instead of 

Decision Limit (95%): 
1.9887 dBSPL 



out the other side of the ukulele. Therefore, the interaction effect in all three cases was very 

significant.  

 

The frequency of the A note seemed to change when the ukulele backing was attached. When the 

ukulele sound chamber was attached back, the electronic tuner displayed that the A note became 

sharp (increased in frequency). Then, when the sound chamber was taken off, the electronic 

tuner displayed that the A note became flat. The string itself could not have stretched this quickly 

with only one pluck, and so this demonstrates that the sound chamber changed the frequency of 

the note. This may have occurred because the lack of a sound chamber affects the vibration of 

the note. The sound chamber allows for an internal chamber for the sound waves to bounce off, 

but the vibrations also travel through the back of the sound chamber. Therefore, without a back, 

the vibration changes, causing the note to be either sharp or flat. No change in the note between 

the addition of the foam occurred.  

 

The time domain graphs display how the sound chamber and foam can play a role in the 

loudness of the sound. In Case 1 displayed in Figure 7, there is a discernable repeatable pattern, 

but when there is no backing to the sound chamber, there is no longer a discernable pattern. The 

pattern also became more jagged with the addition of the foam in both of the cases.  

Conclusion 
 

This experiment demonstrated that the sound chamber on a ukulele increases the SPL of the first 

and second harmonics as well as the difference between these two. The foam caused a decrease 

in SPL for the first and second harmonic when there was a sound chamber but an increase in the 

SPL for the first and second harmonic when there was no sound chamber. The interaction effect 

was very significant for this experiment.  

 

In future experiments, there should be tests to see how the backing of the ukulele and the foam 

correlate to the change in sound over time instead of just the initial loudness of the note. If there 

was more time for testing and funding, an experiment would be completed to see how the sound 

changed depending on the depth of the sound chamber by 3D modeling and 3D printing different 



types of backings. An experiment to determine how different thicknesses of foam affected the 

sound would be interesting to produce.   

 

Because this experiment only looked at the SPL for the first two harmonics and the ratio between 

the two, the note was tuned before each run to ensure it was at 440 Hz. For a future experiment, 

however, the ukulele would not be retuned, allowing one to see how much the frequency 

changed with the sound chamber versus without it.  

 

In future tests, there would be more samples per channel to increase the resolution size of the 

data and the time interval of the collection of data. To lower the cause for error in the 

experiment, a machine for plucking the strings could be used as well. Because the note was 

plucked by hand, there was variability in exactly how much force was used. Therefore, if there 

was a machine for plucking the note, there would be better consistency. To further decrease 

variability, the machine to pluck the note would be linked to the collecting software so that it 

plucked the note at same time as the program began to collect data.  
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