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21BWave Properties of Sound

There are many situations when we want to make sound of a certain frequency, such as with a musical
instrument. This Investigation will explore how sounds can be controlled by the shape of objects.

A Controlling frequency and wavelength

1. Make a straw kazoo and make some sound with it (diagram above). 
2. Now take a pair of scissors and cut a few centimeters off the open end of the kazoo. What happens 

to the frequency of the sound it makes?
3. Make another straw kazoo. Take the scissors and cut a small hole exactly in the middle of your 

kazoo. Cover the hole with your finger. Blow through the kazoo. Cover and uncover the hole. What 
happens to the sound? (Hint: What is vibrating in the straw is a length of air.)

B Thinking about what you observed
  a. How is sound created by the kazoo?

  b. Why does the frequency change with the length of the straw? Think back to your experiments with the 
vibrating string.

  c. Identify at least three musical instruments that use vibrating air columns or objects of different lengths 
to make sounds of different frequencies.

Questions for this Investigation:
How are the properties of waves used in the design of musical instruments?

Materials
• Sound and waves kit 
• 10-20 #16 rubber bands

• Timer with AC adapter
• 1/2” copper pipe, at least 4’ 

for a 3-bar chime

• Pipe cutter
• 4 Plastic straws
• Scissors
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C Complex sounds
We rarely hear only one sound wave at a time. Our brains and ears are constantly processing 
sound from many sources, at many frequencies and intensity levels. 

1. Turn down the volume on the sound generator so that you cannot hear the sound but you can still 
read the frequency on the Timer.

2. Each group in the class will be given a different frequency to tune to. Tune your frequency using 
the timer until you are within +/- 1 Hz.

3. Your instructor will tell each group to their volume turn up or down. Don’t change your frequency.

D Thinking about what you heard
  a. Describe the sound of the four frequencies 264 Hz, 330 Hz, 396 Hz, and 528 Hz when you hear them 

together.

  b. Describe the sound of the four frequencies 264 Hz, 317 Hz, 396 Hz, and 528 Hz when you hear them 
together. 

  c. Contrast the two sounds. Does one sound more happy or sad compared with the other? Does one sound 
spookier than the other? Which combination reminds you more of spring, which of fall?

E Musical scales
The notes of a musical scale are a special set of frequencies that are related to each other by ratios. Musicians
in a band can play together because all their instruments are tuned to the same musical scale. These scales are
in the key of C which means the first note of each scale is the note C.  

F Thinking about what you heard
  a. What notes have frequencies of 264, 330, and 396 Hz? What is this combination of 3 notes called?

  b. What notes have frequencies of 264, 317, and 396 Hz? What is this combination of 3 notes called?

  c. What is the relationship between the frequencies of notes with the same name?
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21BG Making an instrument
For the last part of the Investigation you will make a musical instrument that plays the scale.

1. Decide on the length of your longest chime.  
Write the length in column 3 of Table 1.

2. Calculate the length of your second chime 
by multiplying the length in column 3 by the 
length ratio in column 4.

3. Repeat the calculation for the rest of the 
notes in your chime.

4. Follow the procedure in the diagram to cut 
your pipe into the right lengths.

5. Tie your chimes together with loops of 
rubber bands that are about 1/5 of the way in 
from each end. 

6. Make a hammer to play your chime from a 
small wooden ball and a stick.

Congratulations! You have made a musical
instrument. 

H Thinking about what you made
  a. How were the properties of waves used to 

design your musical instrument?

  b. Do some research and find out how the length 
ratio is related to the frequency ratio for 
panpipes.

Table 1: Musical chimes
Column 1

Note number
Column 2

Frequency ratio
Column 3

Length of first 
chime

Column 4
Length ratio

Length of chime 
for this note

(= Col. 3 x Col. 4)
1 1 1.00
2 9/8 0.94
3 5/4 0.89
4 4/3 0.87
5 3/2 0.82
6 5/3 0.77
7 15/8 0.73
8 2 0.71
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