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PHY-120
 Sound

Equipment Needed:
3 Pens
Ruler
Smart Phone / Laptop
Pliers

1. We are going to begin our study of sound by measuring its speed in air.  We typically measure velocity (speed) 
in miles per hour, or in kilometers per hour.  Today, we will measure speed in meters per second (m/s).  We will
try to measure the speed of sound using one of its physical properties, waves.  Waves follow the relationship:

v = λf

In this algebra equation, v is velocity, λ is wavelength, and f is frequency. (If you are curious, λ is the Greek 
letter lambda.)

We will make a tone with a pen tube.  Remove the writing part of  a pen with a pliers.  Now blow over the end 
of the pen so that it creates a tone. It can be tricky to make a clear noise if you are new to this.  Work with your 
lab partners to see who can create a loud, clear tone.  Ask for help if no one in your group can do it.

2.  This tone has a primary frequency.  To determine the frequency, visit the website 
“http://onlinetonegenerator.com/” with your laptop or smart phone.  Change the frequency of the tone generator 
until it matches the sound coming from the pen.  When they are the same, they are “in tune”.

What is the frequency?

3. How long is the pen tube, in meters?  When you multiply this value by 4, you will have the wavelength of the 
tone this pen will generate. What is the wavelength?

4.  Multiply the wavelength by the frequency.  What value did you get?  How does it compare with the commonly 
accepted value of 340 m/s ?

 340 m/s is the speed of sound in air.  In more familiar units, it is about 770 miles per hour.
1500 m/s is the speed of sound in water, or 3,350 mph.
5120 m/s is the speed of sound in Iron, or 11,000 mph

Speculate on the relationship between density (lab #4) and molecular structure (lab #5) and the speed of sound.
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5.  We will make a pan flute using test tubes.  Start with an empty tube. Find the wavelength and the frequency f low. 
This will be the lowest note on the flute.  What is the frequency?  

flow=
Tube length= Wavelength= F

6.  With another tube, we will now make the highest note on our scale.  The frequency, fhigh, will be twice the 
frequency flow.  Calculate fhigh  mathematically, then using the online tone generator, add water to the tube until it 
matches fhigh.  fhigh is said to be one octave higher than flow.

fhigh=
Tube length= Wavelength= F

7.  We have the ends of our scale, and will fill in the middle.  We call the frequency at 3/2 f low  to be a fifth. 
Calculate this frequency mathematically. Uing the online tone generator, add water to a test tube to create this note.

ffifth=
Tube length= C
Wavelength=

8. The next note will be a fifth over the fifth ffifth. It is calculated by multiplying  3/2  times ffifth. 

  3/2  ffifth=

However, this frequency is higher than fhigh, so we adjust it by going lower by one octave.
This note is usually called “one step”, or “major second” over the original note (fhigh)

fone step =
Tube length= G
Wavelength=

We will continue this process, which can get confusing.  As a guide, let’s call flow and fhigh  the note F (one of the 
whites notes of the piano). ffifth ,a fifth above F, called C. The third one, fone step ,a fifth above the C, is G.  

9.  The next note, called “the sixth” is just  3/2 fone step .  This one is called D. If it is over fhigh, then lower it by one 
octave.

fsixth=
Tube length= D
Wavelength=

10. The next note, “the major third”, is 3/2 D. We call it A. If it is over fhigh, then lower it by one octave.

fmajor third=
Tube length= A
Wavelength=

11. The next note, “the seventh”, is 3/2  A. We call it E. If it is over fhigh, then lower it by one octave.

fseventh=
Tube length= E
Wavelength=

12. The next note, “the fourth”, is 3/2 E. We call it B. If it is over fhigh, then lower it by one octave.

ffourth=
Tube length= B
Wavelength=

You have completed a seven note scale!
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List all your tubes below, in order of increasing frequency. Start with the lowest frequency.

Frequency Wavelength λ Velocity Note

As the frequency increases, does the velocity increase? Why is this important?

Above is a grand stave, commonly used for musical notation.  The frequencies on this scale have the same ratios
as the scale you made.  Circle the area of this scale (F,G,A,B etc.) that your pan flute can play.  Below is a 
comparison of white piano keys with a grand stave.
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Questions:

1. What is a wave?

2. What distinguishes longitudinal and transverse waves?

3. What is sound?

4. What is frequency?

5. What is pitch?

6. What is wavelength?

7. What is the relation between frequency and period of a wave?

8. How does the frequency of an organ pipe change when we increase the length of the pipe?

9. List the factors that determine the pitch of a guitar string

10. How does a siren work?

11. What is interference?

12. Can sound plus sound give silence?

13. What are beats?

14. What are moiré patterns? How do they relate to beats?

15. What is an octave?

16. What is a fifth?

17. What is the Doppler effect. Give examples where you have encountered it and where it is used.


