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1
Wave Motion 
and Sound

Sound is one example of wave motion. It can arise from 

the membrane of a drum, guitar strings, or vocal folds 

vibrating. (Vocal folds are sometimes referred to as 

“vocal cords,” but that is not a good description because they 

are not cords—like vibrating strings—but more like folds of 

skin.) Our ability to hear sound is based on the principle of 

resonance. The eardrum starts to vibrate with the same fre-

quency as the sound waves. Then, the bones in the middle 

ear transmit the vibration to nerves, and nerves take the sig-

nals to the brain. In the following activities, you will learn 

about standing waves, resonance, and an interesting wave 

phenomenon known as the Doppler effect. 

Sound needs a medium to move through. A medium is 

any “stuff” that has parts that can vibrate as the result of a 

sound wave. Air or water can serve as a 

medium for sound waves. In gases and 

liquids, the sound waves are longitudi-
nal waves (also called compression waves). 

Another type of wave motion is transverse 
wave motion. Sound in solids can propagate 

as transverse waves as well as longitudi-

nal waves. The speed of sound depends 

on the medium. With these activities, you 

will explore what sound actually is and 

how it is created and heard.

Keywords
Knowing these terms will help 

you to enjoy the explorations.

wave motion

sound wave

frequency

wavelength

resonance

amplitude

medium

echo
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FIGURE 1.1: Tuning fork

▼
SAFETY NOTE

Make sure there is nothing 

breakable in the vicinity 

when you strike the tuning 

fork.

Get in Tune

Tuning forks (Figure 1.1) can be used to tune a musical 

instrument and make sure that exactly the right note 

comes out. A tuning fork produces a single note with one 

specific pitch, which allows one instrument to produce 

a sound at the same pitch as the corresponding note 

played on another instrument. When this is done, all 

the instruments in an orchestra play in harmony.

In addition to the fork itself, you will also need a small 

amount of finely ground sugar, a glass of water, and 

something made of metal such as the leg of a chair.

Procedure

1. Hold the tuning fork by its handle. 

2. Before each of the next steps, slap the tuning fork 

against something solid, such as metal or wood, so it 

makes a sound. 

3. Slowly put the prongs of the fork into a pile of the 

sugar. Explore what happens and explain your 

observations.

4. Gently touch something made of metal with the prongs 

of the fork. 

5. Slowly dip the prongs of the tuning fork into water.

Questions

• What did you observe during the experiments?

• How does a tuning fork create a sound?

• How does the sound travel through the air to your ear?

• When the tuning fork is creating a sound, touch your 

forehead with its handle. What is the sound doing now?

• Cover your ear with your hand. Then, touch your 

knuckles with the handle of the tuning fork. What do 

you notice about the sound?  Explain.
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1aAnalysis
Get in Tune

Sound is all about vibrations. Vibrating 

objects such as the tuning fork (Figure 1.6) 

create sound. When you hit the tuning fork 

against something solid, it starts to vibrate, 

which makes the molecules of air move and 

creates compression waves in the air. These 

waves cause your eardrums to vibrate, result-

ing in you hearing a sound. When the tun-

ing fork is almost touching your bones (like 

when it was pressed against your forehead), 

the sound you hear is louder because the 

vibration travels better in solid media and 

therefore makes the eardrums vibrate 

more.

Standing Wave 

The Standing Wave Apparatus (Figure 1.7) allows 

you to explore an important phenomenon in music. 

In musical instruments, certain parts such as the 

strings of a guitar or the air in a wind instrument 

start to vibrate at their characteristic frequencies. 

If the space is limited (as it always is in an instru-

ment), the wave motion reflects from the fixed end 

of the guitar string or from the end of the tube in 

a wind instrument. The reflected wave then inter-

acts with the original wave. Waves with the char-

acteristic (resonant) frequencies of the instrument 

start to reinforce each other. This is called construc-
tive interference. Where the two waves interfere 

constructively—with two crests combining or two 

troughs combining—you get an antinode. Where 

the two waves interfere destructively—a crest of 

one wave combining with a trough of the other 

wave—you get a node. At a node, the string or air 

does not move. At an antinode, the string or air 

vibrates the maximum amount. When the nodes 

and antinodes stay in the same place, you have a 

standing wave.

In this experiment, the standing wave is caused 

by the small electric motor at the end of the string. 

The motor creates a transverse wave, which pro-

gresses to the point where the string is attached. 

You can change the number of nodes and anti-

nodes by holding the string at different positions 

or, if you have a way to do it, by changing the 

speed of the motor.

The standing wave created does not appear to 

move forward or backward (or up or down). How-

ever, there is a wave moving: A wave is reflecting 

from the end, and an interference wave is formed. 

As the motor keeps running, you can see the for-

mation of the standing wave.

Standing waves occur with pretty much all 

instruments, including percussion, string, wood-

wind, and brass instruments.

FIGURE 1.6: 

Tuning fork

FIGURE 1.7: Standing Wave Apparatus
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1AWave Motion and Sound
AnalysisAnalysis

Web Resources
See how refl ected waves result in a standing wave. Vary the wavelength. 

www.colorado.edu/physics/2000/microwaves/standing_wave2.html

Explore standing waves on a string. Vary the frequency, amplitude, and length of 

the string.

http://ngsir.netfi rms.com/englishhtm/StatWave.htm

See both standing waves and traveling waves, both transverse waves and 

longitudinal waves. Select the harmonic number. See where the nodes and 

antinodes are. 

http://ngsir.netfi rms.com/englishhtm/TwaveStatA.htm

Specify the length of a tube (open or closed) and see the resonant frequencies. 

See how they change with changes in air temperature. 

http://hyperphysics.phy-astr.gsu.edu/hbase/waves/opecol.html

Make waves on a string. To make standing waves, click on “Oscillate” and set the 

damping to zero. Adjust the frequency and the string tension. 

http://phet.colorado.edu/sims/wave-on-a-string/wave-on-a-string_en.html

See in slow motion how waves traveling in opposite directions can constructively 

interfere and create a standing wave. Click the “>” (play) button on the far right to start.

www2.biglobe.ne.jp/~norimari/science/JavaEd/e-wave4.html

Animation of resonance in a tube. 

www.sciencejoywagon.com/physicszone/otherpub/wfendt/stlwaves.htm

Explanation of resonance in tubes (both open and closed).

http://dev.physicslab.org/Document.aspx?doctype=3&fi lename=WavesSound_Resonan-

cePipes.xml

All about standing waves, nodes, and antinodes. 

www.physicsclassroom.com/Class/waves/u10l4c.cfm

Visualization of the Doppler effect.

http://lectureonline.cl.msu.edu/~mmp/applist/doppler/d.htm© H
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Relevant Standards
Note: The Next Generation Science Standards can be viewed online at 

www.nextgenscience.org/next-generation-science-standards.

Connections to Nature of Science

Science Models, Laws, Mechanisms, and Theories Explain 
Natural Phenomena

• Theories and laws provide explanations in science. 

• Laws are statements or descriptions of the relationships among observable 

phenomena.

Disciplinary Core Ideas

PS4.A: Wave Properties 

• A simple wave has a repeating pattern with a specific wavelength, 

frequency, and amplitude. (MS PS4-1) 

• A sound wave needs a medium through which it is transmitted. (MS-PS4-2) 

Crosscutting Concepts

Energy and Matter

• Changes of energy and matter in a system can be described in terms of 

energy and matter flows into, out of, and within that system. 

• Energy cannot be created or destroyed—only moves between one place and 

another place, between objects and/or fields, or between systems.
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