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Introduction 
  
Sounds are all around us:  car horns honking, friends talking, babies crying, church bells 
ringing, and so on.  Also, we seem to know how to get a bang out of life with noisy 
instruments: drumming in a garage band, plucking and strumming guitar strings, or just 
simply clapping our hands.  
 
We know that what we call 'sound' is actually a wave which moves through some medium, 
but how fast do sound waves travel through a given medium or material? Do sound waves 
always move with the same speed? What factors influence the speed of sound?  Before 
we answer these questions, letʼs recall the concept of speed and apply it to the speed of 
sound.  
 
Speed (s) is calculated by dividing the total distance traveled (D) by the time (t) it takes to 
travel that distance.  Thus, the speed of sound (s) is determined by: 
 

s = D  / t                   (1) 
 
Sound is a pressure disturbance that moves through a medium in the form of mechanical 
waves. When a force is exerted on particles of a medium, they are pressed together 
(compression) leaving an extra space (rarefaction) behind and allowing it to expand. In a 
domino effect, the particles moved exert a force on neighboring particles, and these 
adjacent particles then move their neighboring ones, continuing a chain reaction of 
particles. This repeating pattern of compression (regions of high pressure) and rarefaction 
(regions of low pressure) in a medium forms the pressure wave with its wavelength 
measured as the distance from one compression to the next compression or from one 
rarefaction to the next rarefaction. 

Driving Questions 
 
By the end of this lab you should be able to answer the following:  
 

• How does sound travel from one place to another? 
• Is the speed of sound always the same? 
• What physical factors affect the speed of sound? 
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The medium can be almost anything. If you hear someone shouting at you across the 
street, the medium is air. If you eavesdrop on someoneʼs conversation through a wall, then 
the wall is the medium.  Because of this requirement of medium, sound cannot travel in a 
vacuum. 
 
Many factors influence the speed of sound such as: how close the molecules are - closer 
makes it easier to transfer the wave, how heavy the molecules are - harder to push heavy 
things, how hot the medium is, and in what state (solid, liquid or gas) it is in.  This means 
that the speed of sound will vary with the properties of the material through which that 
sound wave is traveling.  In this Yerkes Summer Institute lab we will measure how the 
physical properties of a given medium affect the speed of sound waves traveling through 
that medium.  

 
 
Figure 1 – Photograph of a US Navy airplane traveling faster than the speed of 
sound.  When any object accelerates to speeds greater than the speed of 
sound (“supersonic” speeds), a shockwave is created. This shockwave can be 
heard in the form of a sonic boom, but sometimes it can also be seen when the 
shockwave causes water vapor to condense and form a cone-shaped cloud. 
[2] 
 

 
Part I: Speed of Sound in Air 
 
Take a moment to consider the sounds that you hear every day; what medium are those 
sound waves traveling through before they reach your ear?  We will begin by working 
through the two different ways to easily estimate the speed at which sound travels through 
air. 
 
This is a direct and intuitive way to measure the speed of sound in air. Go outside the lab 
room to the large field in front of Yerkes Observatory, and follow the procedure below to 
obtain an estimate of the speed of sound in air. 
 
Materials: 

-    Stopwatches 
-    Metric tape measures 
-    Trash can lids 
-    Hammers (or a similar noisemaker) 

 
Procedure:  
 
1) Measure and mark out a distance of at least 200 meters or more. 
2) Send one of your group members the measured distance away with a trash can lid and 

a hammer.  A second member of your group will be in charge of a stopwatch and a 
third will record the data. 

3) When everyone is ready and in position, the person with the hammer bangs the trash 
can lid with it.   

4) The person with the stopwatch starts the timer when he/she first sees the hammer hit 
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the trash can lid and stops the timer when he/she hears the sound.  Note that these 
two events will be close together but not exactly simultaneous, so it is important to pay 
close attention.  Repeat this measurement ten times so you can average your results. 

 
Questions: 
 
1. Can you think of any examples of other times that you have witnessed an event that 

had a delay between when you saw it happen vs. when you heard it? 
2. Calculate the speed of sound using equation (1).  How does this speed compare to the 

speed at which people walk (~3 m/s), cars drive (~20 m/s), planes fly (~330 m/s), and 
the speed of light (~300,000,000 m/s)? 

3. What assumptions are we making in this experiment that allow us to calculate the 
speed of sound in air using equation (1)?  Think about what you are actually measuring 
with the stopwatches. 
 
 

Part II:  Speed of Sound from Echoes  
 
What happens when you throw a ball at a brick wall? You would expect that the ball would 
bounce off the wall and come back to you. Sound waves actually behave in much the 
same way, which means that they can bounce, or reflect, off of things. Some materials 
such as wool, trees, or rubber do not reflect sound waves well, while other materials such 
as rock, brick, or metal reflect sound waves very well. Is this similar to the way that a 
bouncing ball works as well?  Would a tennis ball bounce equally well off of a wall made of 
brick as it would off of a wall covered in pillows?  
 
When sound waves encounter a solid surface they are either absorbed, reflected, or both.   
Generally speaking, harder surfaces tend to reflect sound waves, while softer surfaces 
absorb them.  Reflected sound waves are also called 'echoes', and in the next activity you 
will use sound wave echoes to estimate the speed of sound.  This experiment was first 
performed by the renowned physicist Isaac Newton in an outdoor corridor at Trinity 
College in Cambridge. 
 
Materials: 

- Yerkes Observatory wall 
- 2 wooden blocks (or anything to make a large noise) 
- Computer oscilloscope program with microphone 

 
Procedure 
 

1) Stand about 50 meters back from the wall and measure your distance from the wall. 
2) Set up the computer and microphone next to you. 
3) Clap two wooden blocks together and wait for the echo to return to you. 
4) Record the time between the clap and echo from the oscilloscope data window. 
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Questions: 
 

1. What do you see on the computer graph when you clap your hands or blocks? 
2. What parts of the graph show an echo? Is there more than one echo? 
3. On the graph how does the echo look different from the original sound of the 

clapping? 
4. Calculate the speed of sound and compare your answer with that from method 1.  

How is this method different? 
 
Figure 2 – Schematic of clapping sounds echoing off of a wall. 

 
 
Part III:  The Speed of Sound from Resonance 
 
Resonance occurs when an object is exposed to forced vibrations, such as sound waves, 
if the frequency of these forced vibrations matches the objectʼs “natural frequency”.  When 
the objectʼs natural frequency matches the forced vibrations it picks up these vibrations 
well. Resonance can also result when the vibration rate of one object is equal to one of the 
harmonics of the other.  Harmonics are basically just whole-number multiples of the natural 
frequency for a given object.  For example, if an object's natural frequency is 100 hertz, 
then its are harmonics are 100 hertz, 200h hertz, 300 hertz, 400 hertz, and so on. 
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Organ pipes, flutes and soda pop bottles all make sound by causing air to resonate. Weʼll 
use the same idea to cause air to resonate in a pipe in order to measure the speed of 
sound.  A tuning fork is designed to produce vibrations at a single frequency.  
Consequently, a vibrating tuning fork held over a closed-ended tube forces the air in the 
tube to vibrate at a single frequency. This may or may not match the tubeʼs resonant 
frequency, or 'natural frequency'.  The experimental set-up (see figure 3) involves a tube 
submerged in water, which allows the length of the air column in the tube to be lengthened 
or shortened by raising or lowering the tube into the water bath.  This will allow you to 
control the natural frequency and wavelength of the vibrating air in the tube by controlling 
the length of the air column. 
 
The sound produced by the forced vibrations will become loudest when the tubeʼs natural 
frequency or one of its harmonics exactly matches the frequency of the tuning fork.  For a 
tube open at one end and blocked at the other, resonance first occurs (the first harmonic) 
when the air column is one fourth the wavelength of the sound wave generated by the 
tuning fork, and additional resonances occur at three fourths the tuning fork's wavelength, 
five fourths the tuning fork's natural wavelength, and so on. 
 
Materials: 

- water bath (approximately 1 meter deep) 
- PVC tube (length about equal to water bath depth) 
- clamp to hold PVC tube submerged at a given depth in the water bath 
- tuning fork 
- ruler 

 
Procedure: 
 
1. Note the frequency of the tuning fork that you are using. 
2. Create a table in your lab notebook like the example table shown below. 
3. Measure the inner diameter of the PVC pipe (resonance tube).  Multiply this diameter 

by 0.4 – you must add this value to the length of the tube that produces a resonance 
vibration to account for the small amount of air just outside the tube that vibrates with 
the air inside the tube. 

4. Setup your PVC pipe so that only the very bottom part is barely submerged in the water 
bath. 

5. Strike your tuning fork on the heel of your hand (IMPORTANT: DO NOT STRIKE THE 
TUNING FORK AGAINST ANY HARD SURFACES) and hold it above the open end of 
your PVC resonance tube (see figure 3). 

6. Adjust the length of tube that is above the water level by slowly lowering the PVC tube 
all the way into the water bath and then lifting it out slowly, noting where you hear a 
significant increase in the loudness of the sound coming from the tube.  You should not 
need to put your ear/head right down on top of the tube. 

7. Measure the length of PVC tube that is above the water level when you hear the 
loudest sound (the resonance). Add to that value the correction length calculated in 
step 1 above.  This is your first observed resonance length. 

8. Continue to raise the tube to increase the length of tube above the water level and try 
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to identify additional resonances.  Remember to add the correction length from step 1 
to any of the resonance lengths that you measure, and to record those resonance 
lengths in your data table as well. 

9. Now you can use each resonance length you measured to calculate the speed of 
sound through the air in the tube.  Each resonance length is equal to an odd-number 
multiple of one quarter of the wavelength of the sound waves produced by the tuning 
fork. In order to perform this calculation you need to determine what harmonic 
corresponds to each resonance length that you measured.  This is straightforward 
because we know that the harmonics are a sequence of the form L = 1/4λ, 3/4 λ, 5/4 λ, 
etc.  So we know that the shortest resonance length measured should correspond to 
the 1/4λ harmonic.  The next longest corresponds to the 3/4 λ harmonic, and so on. 

10.  Use each of the corrected resonance lengths that you measured to calculate the 
wavelength of the sound waves produced by the tuning fork using the following 
equation: 

4L/n = λ   (2) 
Where L is the resonance length, λ is the wavelength of the sound waves, and n is an 
odd number (1, 3, 5, etc). 

 
11. Once you have a table of measurements containing the wavelength of the sound 

produced by your tuning fork, you can use the wavelength and frequency of the tuning 
fork to calculate the speed at which the sound waves are traveling.  The speed of 
propagation of a wave can be calculated directly when you know the frequency and 
wavelength of the wave, using the following equation: 

 
speed of sound = wavelength X frequency   (3) 

 
 
 
 
 

Tuning Fork 
Frequency (Hz) 

Measured 
Resonance 
Length (m) 

Corrected 
Resonance 
Length (m) 

Harmonic (e.g. 
¼ λ, 3/4 λ, etc) 

Calculated 
Tuning Fork 

Wavelength (m) 

Calculated  
Speed of Sound 

(m/s) 
      

      

      
 
 
Questions: 
 

1. You can now compare your different measurements of the speed of sound in air.  
Do they agree well?  If not, which one or ones do you think produced the most 
reliable measurement, and why?  Write down your thoughts in your lab notebook. 
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   Figure 3 – Example of the experimental 
setup for measuring the speed of sound using 
resonance. The hollow tube here is the PVC 
tube.  Note the way that the tuning fork is 
pointed relative to the hollow tube. This graphic 
also shows standing wave patterns contained in 
tubes of length L = ¼λ, 3/4λ, and 5/4λ, where λ 
is some fundamental wavelength. Only tubes 
with special lengths  will resonate because 
they contain exact odd-number multiples of the 
first harmonic, ¼ λ. [3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Part IV:  The Speed of Sound and Density 
 
You have now obtained a precise measurement of the speed of sound in air using 
resonance.  Now you will investigate how the properties of different gases affect the speed 
of sound.  Most of the sounds that you hear on a daily basis propagate through air, but 
how would the speed of sound change if you were in an atmosphere that was of a different 
composition from the air here on Earth? You will answer this question by using the same 
procedure as in the Resonance section (Part III) of this lab, but you will replace the air in 
the PVC tube with several other gases all of different densities.  How do you think the 
speed of sound will change with gas density – will sound travel more slowly or more 
quickly through denser gases? Write down in your lab notebook what you expect to 
happen and why.  
 
Materials: 

- water bath (approximately 1 meter deep) 
- PVC tube (length about equal to water bath depth) 
-    clamp to hold PVC tube submerged at a given depth in the water bath 

     -     tuning fork 
     -     ruler 
     -     pressurized gas cylinders (instructors will handle these) 
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Procedure: 
 

1. Measure the inner diameter of your PVC pipe (resonance tube).  Multiply this 
diameter by 0.4 – you must add this value to the length of the tube that produces a 
resonance vibration to account for the small amount of air just outside the tube that 
vibrates with the air inside the tube. 

2. Setup your PVC pipe so that it is almost entirely submerged in the large water bath. 
3. Alert an instructor that you are ready to have your PVC tube filled with one of the 

gases.  The instructor will raise the PVC tube out of the water slowly while filling the 
tube from a pressurized gas canister.  When the instructor is finished, the tube will 
be lifted almost entirely out of the water bath, and the gas inside the tube will be 
something OTHER THAN AIR.  Remember, as you lower the tube into the water 
bath, you will be expelling the gas inside the tube, so that if you lower the tube and 
then raise it again it will have some mixture of air and another gas. 

4. Use the same procedure that you used in Part III, BUT BE CAREFUL TO FOLLOW 
THESE ADDITIONAL STEPS: 
I. Lower the tube very slowly and mark each resonance point as you lower the 

tube farther into the water. 
II. Do not raise the tube out of the water again once you lower it in, as this will refill 

the tube with air and your measurement will be wrong. 
III. Try to find as many resonances as you can. 

5. Using all of the resonance lengths that you measured, calculate the wavelength of 
the tuning fork.  If you measured more than one resonance length then you should 
be able to make multiple measurements of the wavelength, which you can average 
together to produce a better measurement than you would obtain from a single 
measured resonance length. 

6. Now take the frequency of the tuning fork you used and calculate the speed of 
sound using equation 2 back in the procedure for Part III. 

7. Repeat this procedure for each of the non-air gases that the instructors have 
available.  The densities of these gases is known, so that when you have measured 
the speed of sound in each gas you can plot the relationship between sound speed 
and gas density. 

8. Tabulate your results and then plot gas density vs. speed of sound. 
 

Gas Density (g/liter) (STP) 
Argonne, Ar 1.784 
Carbon Dioxide, CO2 1.977 
Sulfur Hexafluoride, SF6 6.164 

 
Questions: 
 

1. If the speed of sound does not depend on the density of the medium, what would 
you expect a plot of speed of sound vs density to look like?  

2. Does this match your data? Does your data imply that the speed of sound is 
dependent on the density of the medium through which the sound is traveling? 
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Part V:  The Speed of Sound through Solid Matter 
 
You have now investigated the relationship between the speed of sound and the density of 
the medium through which the sound waves are propagating. However, all of your data so 
far comes from measuring the speed of sound through gases (such as air).  Sound is not 
restricted to traveling through gases; it can travel through any physical medium, including 
liquids and solids.   
 
You are also in a good position now to make some predictions for what you expect to 
measure for the speed of sound through certain materials.  You have already measured 
and plotted the relationship between speed of sound and density for several gases.  In part 
V you will measure the speed of sound through one or more kinds of metal.  Before we 
begin with the experiment, write down in your lab notebook what you expect to measure 
here.  First, how dense are metals compared to gases, more or less dense?  Based on the 
relative density of metals, do you expect the speed of sound to be faster or slower 
compared to the gases that you investigated in part IV? 
 
Materials: 

- laptop computer with sound analysis software installed (e.g., Macscope) 
- metal pipe 
- microphone with input leading to the laptop 
- tape 
- hammer 

 
Procedure:  
 
1) Begin by examining the experimental setup and taking a look at Figure 4 below.  Your 

setup should include a length of metal pipe with a microphone taped onto one end and 
a hammer.  The microphone should be connected to a laptop computer, which runs the 
Macscope software. 

2) Next you should take a moment to familiarize yourself with the Macscope software.  
This program takes sounds from the microphone and displays a plot of the intensity 
(loudness) of the sound vs. time.  Note that the Macscope software plots the sound 
wave data for ALL sounds that the microphone detects, NOT ONLY the sound 
traveling through the metal pipe.  So any additional background noise that you are 
making nearby will appear along with the sound data that you want to measure. 

3) Set the Macscope software to operate in Trigger Mode. This can be done using the 
menus on the right side of the program. 

4) In Trigger Mode, you need to set the trigger level, which is basically the background 
noise level.  Macscope will ignore sounds below this level, and only record and plot 
sounds louder than this level.  Start by setting the trigger level at 20 millivolts, but feel 
free to experiment with other values.  Once you have set this value, click on the 
“Trigger A” button and select the “Stop on Trigger” option.  This tells the software to 
wait until it receives sound input louder than the background noise, and then stop 
recording as soon as sound is received that surpasses the trigger level. 

 



 

 2009 Yerkes Summer Institute               Day Laboratory – Speed of Sound 
 23 

 
 
Figure 4 – Top: Image of a microphone taped to a steel pipe, with a hammer ready to strike the end of the 
pipe. Bottom: Example of a sound wave produced by striking the metal pipe and feeding the microphone 
output into the Macscope software. The horizontal axis represents time.  You can see a repeating pattern of 
peaks and troughs, and by counting the time interval between peaks (or troughs) you can measure the time it 
takes the sound wave to travel down and back up the metal pipe. [4] 
 
5) Now strike the metal pipe with the hammer and observe what appears in the Macscope 

display window.  Hopefully it looks something what is shown in the bottom half of 
Figure 4. 

6) Measure the number of complete waves recorded by Macscope, as well as the amount 
of time it took the sound wave to create that number of waves.  A single wave extends, 
for example, from the center of one peak to the center of the next peak. Each wave 
corresponds to a sound wave traveling down and back up the length of the metal pipe. 

7) Calculate the speed of sound through the metal pipe using equation 1 from the 
introduction.  The distance traveled here is the number of complete waves that you 
measured in step 6, multiplied by twice the length of the pipe (because sound waves 
travel down the pipe from the hammer, and back again to the microphone). The time 
taken to travel this distance is the time interval that you measured in step 6 (the time 
taken to record the number of complete waves that you counted). 

8) If you have more than one metal pipe available, repeat this measurement for each 
metal. 
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Questions: 
 

1. Based on your measurements, how does the speed of sound in metals compare to 
the speed of sound in the gases that you tested earlier in this lab?  Is this the result 
that you predicted? 

2. Do you think that density is the ONLY property of a given medium that affects the 
speed of sound in the medium?  Why or why not?  If not, what other properties do 
you think can affect the speed of sound? 

 
 

  Big Questions: 
 
1) Based on the data you obtained in this lab, what kinds of materials does sound 
travel the fastest through? If you rank the different speeds of sound that you measured 
from slowest to fastest, do you notice any kind of pattern in the order of the ranking?  
What do you think it is?  
 
2) We have measured the speed of sound in gases and solids in this lab, but we did 
not get around to measuring the speed of sound in liquids.  Can you think of an 
experiment that would allow you to measure the speed of sound in liquids?  How fast 
would to expect sound to travel in liquids, such as water, compared to the speed of 
sound in air and in the metals that you measured in this lab? 
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