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SOURCES OF SOUND   Section 1

The basic idea that all sounds result from vibrating objects is the focus for this section. Students produce sounds with a variety of common objects and look more specifically at vibrations of rulers and tuning forks, as well as light beams reflected from a mirror glued to a vibrating stretched rubber sheet. A variety of game‑like activities involve students in locating sounds from unseen sources. Most of the activities in this section are very Introductory in character, and may be skipped by many students. Use your own judgment, based upon the particular group's background.

Naive Ideas

1. 
Sounds can be produced without using any material objects. (1A1, 1A2F) 

2. 
Hitting an object harder changes the pitch of the sound produced. (1A1, 1B1F)

OBSERVABLE CHARACTERISTICS OF SOUND AND THEIR  EXPLANATIONS   Section 2

The wave‑like nature of sound is investigated in several activities including a display in real‑time on a computer screen. Activities in this section will also encourage students to explore how sound travels as they compare sound waves with longitudinal waves in Slinkies and humans waves. Water waves are reflected, collected, and controlled in ways that show their behavior to be similar to that of sound waves, helping students to better visualize some of these properties as they apply to sound waves,

How we perceive a sound is directly related to characteristics of the sound wave itself. Loudness and pitch are associated with a wave's amplitude and frequency. Students perform activities investigating how sounds can be reflected and/or absorbed by solid surfaces. A moving source of sound changes the waves students hear in a manner known as the Doppler Effect. "Beats" of sound are heard when two vibrations of similar frequency are produced at the same time and are heard together.

Sound waves traveling through solids and air are observed, showing that sounds generally travel faster through more dense objects. Rough attempts are made at measuring how fast sound travels in air.

Before working with these activities, students should know that sounds are produced by vibrating objects. However, many of the basic concepts can be learned simply by doing these activities, particularly if you are working with an upper‑level group.

Naive Ideas

1.
Sound waves are transverse waves that travel in exactly the same way water and light waves travel. (2A1), 2A2) 

2. 
Matter moves along with water waves as the waves move through a body of water.  (2A1, 2A2, 2A4, 2A5D) 

3. 
When waves interact with a solid surface, the waves are destroyed. 2A4, 2A5D, 2G1, 2G2F) 

4. 
Loudness and pitch of sounds is the same thing. (2B1D, 2C2, 2C3F, 2C4) 

5. 
You can see and hear a distinct event at the same moment. (2L1, 2L2F) 

6. 
Sounds can travel through empty space (a vacuum). (2K1D, 2K2F) 

7. 
Sounds cannot travel through liquids and solids. (2J1) 

8. 
The sound of a train whistle changes as the train moves by because the engineer purposely changes the pitch of the sound. (2D1)

MUSICAL INSTRUMENTS   Section 3

Most people enjoy music, so music and musical instruments are excellent topics for bringing workshop participants into the science of sound. Musical instruments are precisely controlled sound producers. As sound producers, all musical instruments are designed to produce vibrations. String and percussion instruments depend essentially on vibrations of solid materials. Wind instruments operate by controlling vibrations of columns of air.

The simple activities included in this section are intended to help students understand the science on which musical instruments are based. The activities can easily be extended into construction of a variety of homemade instruments and even into the organization of a makeshift orchestra.

Naive Ideas

1. 
In wind instruments, the instrument itself vibrates, not the internal air column. (3A1)

2. 
Music is strictly an art form; it has nothing to do with science. (3A1, 3A2)

CONTROL AND APPLICATIONS OF SOUND   Section 4

Sound can be controlled, transformed, enhanced, and used in many ways to make life easier or more enjoyable for people. Telephones and radios project identifiable sounds over thousands of miles. Ultrasounds are used to make "pictures" of unborn fetuses, for dental work, and for many industrial applications. And, desirable sounds can be recorded on records, magnetic disks and on laser disks for replay at any time you might wish. On the negative side, however, our modern technological society regularly produces high levels of unwanted sounds, sometimes called noise pollution.

Activities in this section will challenge students to understand the science behind some of sound's applications. As always, some naive conceptions may become apparent during the activities.

Naive Ideas​

1.
In actual telephones (as opposed to tin can telephones) sounds, rather than electrical impulses, are carried through the wires. (4C2)

2.
Ultrasounds are extremely loud sounds. (4B1, 4B2)

3.
Megaphones create sound. (4A1)

4.
Noise pollution is annoying, but it is essentially harmless. (4E1)
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SOURCES OF SOUND

The basic idea that all sounds result from vibrating objects is the focus for this section. Students produce sounds with a variety of common objects and look more specifically at vibrations of rulers and tuning forks, as well as light beams reflected from a mirror glued to a vibrating stretched rubber sheet. A variety of game‑like activities involve students in locating sounds from unseen sources. Most of the activities in this section are very Introductory in character, and may be skipped by many students. Use your own judgment, based upon the particular group's background.

Naive Ideas:
1.
 Sounds can be produced without using any material objects. (1A1, 1A2F) 

2.
 Hitting an object harder changes the pitch of the sound produced. (1A1, 1B1F)

A.
SOUNDS CAN BE PRODUCED BY BANGING, PLUCKING, OR BLOWING.

1. 
Demonstration: Seeing Sound Patterns.


In this demonstration, students will sing into a metal soup can and see the sound patterns of their voice reflected onto a wall or screen.

2. 
Activity: How Is Sound Produced?


In doing this activity, students should become aware of the need for vibration of some material to be part of any sound that is produced. Convincing evidence is provided in this series of activities which reinforce the idea that “sound equals vibrations.” An extended ruler is plucked, a tuning fork splashes water by vibrating, and a nice homemade device is used to magnify vibrations by reflecting light beams to a screen.

3. 
Discussion ‑ Focus On Physics: Vibration and Sound.

B.
THE LOUDNESS OF A SOUND RELATES DIRECTLY TO THE AMOUNT OF ENERGY USED IN PRODUCING THE SOUND.
1.
Discussion ‑ Focus On Physics: Loudness. The more energy used to produce a sound, the greater the loudness of the sound.

C. 
HUMANS CAN MAKE FINE DISTINCTIONS AMONG DIFFERENT SOUNDS

1. Discussion ‑ Focus On Physics: The Ear.

D. PEOPLE CAN INFER POSSIBLE LOCATIONS OF SOUNDS.

1.
Activity: Can You Locate Where the Sound Is Coming From?


This is a game‑like activity in which students try to point to the source of a sound without using visual clues.

SOUND
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SEEING SOUND PATTERNS

(Demonstration)

Materials:
rubber sheet or balloon


soup can


small mirror


tape or glue


rubber band


overhead projector and screen

This should be done as a demonstration before the students try their activities.

Stretch a rubber sheet over one end of a soup can from which both ends of the can have been removed. Glue or tape a small mirror to the rubber sheet, and set up the can so that sound may enter the can and vibrate the membrane with the mirror attached.

Aim the beam of light from a projector at the mirror so that it reflects to a screen or white wall. Have the students sing into the can and see the sound patterns of their own voice!

Do not attempt an explanation; however, do encourage students to think about what the rubber sheet was doing.
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HOW IS SOUND PRODUCED?
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Materials:
ruler


glass of water


tuning fork


rubber band

1.
Hold one end of a ruler firmly near the edge of a table, letting part of the ruler extend over the end of the table. Strum the extended part of the ruler and DESCRIBE what you see and hear.


_______________________________________________________________________________________________
2.
Move the ruler so that it extends farther over the end of the table. Hold the ruler on the table firmly with one hand. Strum the ruler. How is this sound different from the one you just heard?


_______________________________________________________________________________________________

Notice the movement of the ruler. Does the movement have anything to do with the sound?


_______________________________________________________________________________________________
3,
Stretch a rubber band and pluck it with your finger. Can you see the rubber band vibrate?


_______________________________________________________________________________________________

Can you feel the vibrations of the rubber band on your finger?


_______________________________________________________________________________________________
4.
Now stretch the rubber band tighter and pluck it. Do you hear a change in sound?


_______________________________________________________________________________________________

What change do you notice in the vibrations of the rubber band?


_______________________________________________________________________________________________
5.
Try stretching the rubber band as much as you can, pluck it, and notice the sound and the vibrations of the rubber band. What do you notice?


_______________________________________________________________________________________________
6.
Strike a tuning fork against a hard covered book. Do you see movement in the prongs of the tuning fork?


_______________________________________________________________________________________________

What is this movement called?

_______________________________________________________________________________________________

DESCRIBE the sound.


_______________________________________________________________________________________________
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7.
Strike the tuning fork again and quickly put the prongs into a glass of water. What do you notice that happens to the water?


_____________________________________________________________________________________

Can you EXPLAIN this?


_____________________________________________________________________________________

8.
Can you think of another experiment you can do to show the vibration of sound? EXPLAIN.


_____________________________________________________________________________________
9.
Make a general statement about what you have learned from the ruler, tuning fork, and rubber band related to this activity.


_______________________________________________________________________________________________
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HOW IS SOUND PRODUCED?

IDEA:
PROCESS SKILLS:

Sounds can be produced by banging,
Describe

plucking, or blowing.
Experiment


Listen


Observe


Explain

LEVEL: L/U
DURATION:  30 Min. (L)    (15‑20 Min.) (U)

STUDENT BACKGROUND:
For the lower grades, this activity is to allow students a chance to experiment with making different sounds. For upper level grades, students may quickly cover the procedure as a background for the next activities.

ADVANCE PREPARATION:
Try the activity before the students do it. Individuals should be divided into groups of 2 or 3 with a ruler, tuning fork, a glass of water, and rubber bands for each group.

MANAGEMENT TIPS:
Some participants may have to be helped with the ruler to be sure they notice that the sound changes as the ruler extension is shortened by moving the ruler back onto the table.


Caution the students not to bend the ruler too much or it might break. The rubber band should be held straight ahead (between the thumb and index finger). The tuning fork in the glass of water may cause so much splashing that the vibrations in the water will be hard to see. Be sure to put the tuning fork in the water while is still humming, however.

IMPORTANT: HANDLING OF TUNING FORKS


Tuning forks can be ruined if hit against any hard surface, such as table tops, metal objects, etc. Use the heel of your shoe, a rubber mallet or a rubber stopper.

RESPONSES TO

SOME QUESTIONS:
1. 
The ruler vibrates, making a sound.


2.
The shorter the amount overhanging the table, the higher the pitch.


3.
Yes. (Stretch the rubber band between your thumb and index finger).


4.
Yes. More vibrations. As the rubber band is stretched more, the pitch goes up.


5.
The tighter rubber band vibrates faster and makes a higher pitched sound.


6.
Yes. It is called vibration.


7.
It ripples. Vibrations are transferred to the water. The metal of the tuning fork moves back and forth and splashes the water.


9.
Sound is produced by vibrating objects.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Emphasize that sound is produced by vibrating objects.
POSSIBLE EXTENSIONS:
The vibrations of the tuning fork can be observed by striking a 
tuning fork and touching it to a ping‑pong ball hanging by a thread. The ball will move out and back and out again as it is hit by the vibrating prong.
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FOCUS ON PHYSICS

VIBRATION AND SOUND

All sounds are produced by the vibrations of material objects. In a piano or violin, sound is made by the vibrating strings. In a flute, sound is made by a fluttering column of air. The sound of your voice results from the vibration of vocal cords,

Consider a tuning fork that is struck against some (not too) hard surface. As each arm of the tuning fork begins to move in a particular direction, it pushes against the molecules of air in front of it. These molecules receive energy from the tuning fork and they are compressed together, producing a high pressure region called a compression. As these molecules move, they cause the neighboring molecules to become more crowded, also. These newly compressed molecules move nearer to other molecules, causing them to be compressed, and so forth. Consequently, the high pressure region (compression) propagates outward from the tuning fork.

When the tuning fork arm moves back in the other direction, it creates a low pressure region (a region where there are few molecules). This low pressure region is called a rarefaction. As neighboring molecules from a high pressure region (compression) rush into this low pressure region the rarefaction propagates outward from the tuning fork.

As the tuning fork arms continue to vibrate back and forth, alternating regions of compression and rarefaction are produced and propagate outwards through the air in all direction. These alternating regions of compression and rarefaction are sound waves.

It is important to realize that as sound waves (areas of compression and rarefaction) propagate outward from the tuning fork, individual air molecules just vibrate back and forth about a fixed point. The sound energy travels outward from the source, but the particles of the material through which the sound energy travels (in this case air molecules) simply vibrate in place. The material through which the sound energy travels is called the medium. While air is the most common medium for the transmission of sound, sound energy can also travel through other gases, liquids (such as water), and solids (such as steel railroad tracks).
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CAN YOU FEEL THE SOUNDS YOU MAKE?

Materials: 
None
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1.
Say the sound “ahh” softly and then the sound “eee” softly. Did you notice the difference in the feel of your mouth and throat? _____________________________________________________________

DESCRIBE that difference.


_____________________________________________________________

_____________________________________________________________
2.
Did you feel a difference in the position of your tongue


_____________________________________________________________

What was the difference?


_______________________________________________________________________________________________

Did your nose feel different? How?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

Did you change the shape of your lips?


_______________________________________________________________________________________________

What was the change?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
3.
Now say something in a normal tone of voice while placing your hand on your throat. Say something in a whisper while placing your hand on your throat. DESCRIBE the difference you feel.


_______________________________________________________________________________________________

_______________________________________________________________________________________________

Can you EXPLAIN that difference?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
4.
Say the following pairs of sounds while keeping your hand on your throat. Say “b” and then “p”. DESCRIBE the difference you feel.


_______________________________________________________________________________________________

_______________________________________________________________________________________________

Say “z” and “s”. DESCRIBE the difference you feel.



_______________________________________________________________________________________________

_______________________________________________________________________________________________

Say “d” and “t”. DESCRIBE the difference you feel.


_______________________________________________________________________________________________

_______________________________________________________________________________________________

Say “v” and “f”. DESCRIBE the difference you feel.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
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Can you EXPLAIN these differences?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
5.
When you feel the sound, do you know what this is called?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
6.
Place your finger lightly on your lips and say “mmm”. What is vibrating?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
7.
Place your hand on the back of your neck and say “ing”. What is vibrating?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
8.
Put your hand on your chest and say “ahh”. What is vibrating?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
9.
Put your finger on each side of your nose and say “nnn”. What is vibrating?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
10.
Put your hand on top of your head and say “eee”. What is vibrating?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
11.
Think of some other sounds that you can feel on other parts of your body.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
12.
What can you say about feeling the sounds you make?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
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CAN YOU FEEL THE SOUNDS YOU MAKE?

IDEA:
Humans can feel the
PROCESS SKILLS:



vibration of the
Observe




sounds they make.
Communicate


Compare
LEVEL:
L
DURATION:
25 minutes

STUDENT BACKGROUND:

Participants need to have imitative skills and know how to follow directions.

ADVANCE PREPARATION:
Note: After Step #5, if participants do not use the word “vibrating” introduce this word to them and use it within the context of the activity.

MANAGEMENT TIPS:
Encourage the participants to imitate the instructions only loud enough to feel the vibrations. Perhaps contrary to popular belief, they do not need much volume to accomplish this.

POINTS TO EMPHASIZE 
IN SUMMARY DISCUSSION:

You can feel the vibrations of your voice in many parts of your body. Inside your chest, neck, mouth and head are open spaces where sound can be amplified, the same way the sounding box of musical instruments are amplified. Also stress the many different places they can feel the vibrations.

RESPONSES TO SOME QUESTIONS:



1.
Different position of tongue. Nose felt different. open mouth and smiling mouth.



2.
See #1.



3.
When whispering, they won’t feel any vibrations. Speaking out loud, they feel vibration.



4.
“b”, “z”, “d” and “v” ‑ can feel it. Others cannot.



5.
Vibration. Be sure to introduce this word if it seems unfamiliar.



6.
Lips.



7.
Neck.



8.
Chest.



9.
Nose.



10.
Head.

POSSIBLE EXTENSIONS:
Bring in musical instruments and explore how to feel these sounds vibrating.

SOUND
1D2
CAN YOU LOCATE WHERE THE SOUND IS COMING FROM?

Materials: 

none

In this activity, one person is the sound‑maker and everyone else is the listener. All listeners close their eyes.

The sound‑maker claps his hands in different locations while the listeners close their eyes. The sound maker should clap his hands once and the listeners should point to where they think the sound originated. While they are still pointing, they should open their eyes to see how close they came to locating the source of the sound.

Continue this game, changing the sound‑maker.

1. 
Were you able to determine, by listening, the location of the sound source?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
2. 
Which directions were most difficult to find?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
3. 
Which ones did you find easily?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
4. 
Do you think your two ears help you to determine the location of sound sources?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
5. 
Listen closely as the sound‑maker uses different objects. Can these sounds be located?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
6. 
Make a general statement about locating sounds.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
7. 
Why do receivers come in pairs (two eyes, two ears), while we have only one transmitter (mouth)?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
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CAN YOU LOCATE THE ORIGIN OF A SOUND?

IDEA:
PROCESS SKILLS:

People can infer possible sources and
Observe

locations of sound that are not directly
Compare

observed.
Communicate


Infer

LEVEL: L/U
DURATION: 45 Min.

STUDENT BACKGROUND:
Students must be able to follow directions and know the difference between their front, side, and back.

ADVANCE PREPARATION:
Organize who will be the sound‑maker and when this will change. Be sure everyone understands the directions. Repeat, if necessary.

MANAGEMENT TIPS:
The sound‑makers should take off their shoes when moving 
around the room so that the others do not know where that 
person is in the room.. Another way to do this would be to 
have several students positioned around the room. They could take turns being the sound‑maker.

RESPONSES TO

SOME QUESTIONS:
1. 
Varied responses, dependent on the situation.


2. 
The sounds that come from in front of you and those that come from behind you if both ears hear the sound at the same time.


3. 
The sounds that come from the sides because the sound travels a different distance to each ear. Thus the sound reaches each ear at a different time.


4. 
Yes, if the sound reaches each ear at a different time.


5. 
Yes.


6.
You can tell where a sound is coming from without actually seeing it.


7.

Only distance, not direction could be known with 
one receiver (unless you rotated your head)
POINTS TO EMPHASIZE IN

People do not have to see the sound to be able to detect its

THE SUMMARY DISCUSSION:

location. Also, it is hard to determine whether a sound has 
come from in front of you or behind you if both ears hear it at the same time.

We pinpoint the source of sound due to the fact that each ear


is often a different distance from the source, be it ever so small.


Therefore, the vibrations reach each ear at a different time.
POSSIBLE EXTENSIONS:

If a piece of rubber or plastic tubing about a meter long can be 
found, attach a small funnel to each end and have a student 
hold one funnel to each ear while his eyes are closed. If 
another student taps the tubing, see how well the listener 
can decide if the tubing was tapped in the middle, or to one 
side. It is often surprising just how little off‑center a tap needs 
to be in order for our ear‑brain (combination) to be able to tell.
SOUND
2WL


WORKSHOP LEADER'S PLANNING GUIDE

OBSERVABLE CHARACTERISTICS OF SOUND AND THEIR EXPLANATIONS

The wave‑like nature of sound is investigated in several activities including a display in real‑time on a computer screen. Activities in this section will also encourage students to explore how sound travels as they compare sound waves with longitudinal waves in Slinkies and humans waves. Water waves are reflected, collected, and controlled in ways that show their behavior to be similar to that of sound waves, helping students to better visualize some of these properties as they apply to sound waves.

How we perceive a sound is directly related to characteristics of the sound wave itself. Loudness and pitch are associated with a wave's amplitude and frequency. Students perform activities investigating how sounds can be reflected and/or absorbed by solid surfaces. A moving source of sound changes the waves students hear in a manner known as the Doppler Effect. “Beats” of sound are heard when two vibrations of similar frequency are produced at the same time and are heard together.

Sound waves traveling through solids and air are observed, showing that sounds generally travel faster through more dense objects. Rough attempts are made at measuring how fast sound travels in air.

Before working with these activities, students should know that sounds are produced by vibrating objects. However, many of the basic concepts can be learned simply by doing these activities, particularly if you are working with an upper‑level group.

Naive Ideas:

1  
Sound waves are transverse waves that travel in exactly the same way water and light waves travel. 
(2A1, 2A2)

2.
Matter moves along with water waves as the waves move through a body of water. (2A1, 2A2, 2A4, 2A5D)

3.
When waves interact with a solid surface, the waves are destroyed. (2A4, 2A5D, 2G1, 2G2F)

4.
Loudness and pitch of sounds is the same thing. (2B1D, 2C2, 2C3F, 2C4 O.H.)

5.
You can see and hear a distinct event at the same moment. (2L1, 2L2F)

6.
Sounds can travel through empty space (a vacuum). (2K1D, 2K2F)

7.
Sounds cannot travel through liquids and solids. (2J1)

8.
The sound of a train whistle changes as the train moves by because the engineer purposely changes the pitch of the sound. (2D1)

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑​

A.
SOUND HAS WAVE‑LIKE PROPERTIES. INDIVIDUAL PARTICLES ONLY MOVE A SHORT DISTANCE.

1. 
Activity: What Is a Sound Wave?


Waves in humans and Slinkies are used to model the behavior of sound waves. Sound waves are compressional or longitudinal waves. Compressions are where the matter is crowded together. Rarefactions are the less crowded spaces in between. Although the wave may travel a large distance, the particles involved move forward and backward only a little

2. 
Activity: Looking at Sound: Catching the Wave.


The computer is able to display some of the important characteristics of sound waves as it receives them from a microphone. Some sounds produce regular patterns. Noise produces an irregular pattern.

3. 
Discussion‑ Focus on Physics: Pitch

4. 
Activity: How Are Sound Waves Like Water Waves?

SOUND
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OBSERVABLE CHARACTERISTICS OF SOUND AND THEIR EXPLANATIONS  -  2

Water waves behave in many ways like sound waves. Water waves can be made by dipping objects into a plastic box filled with water. The waves can be observed to propagate, interact, and reflect. A direct relationship can be seen between the amount of energy used to make a wave and the height (amplitude) of the wave. The water waves are a helpful visual and concrete analog for thinking about the behavior of invisible sound waves.

5. 
Demonstration: How Are Sound Waves Like Water Waves?


This is designed to complement the previous activity, NOT replace it, unless equipment for 2A4 is a problem. A homemade ripple tank can be made for an overhead projector out of simple materials. Wave generation and propagation can be observed on a screen or wall. Also, reflection of waves from plane and curved figures can be noticed and parallels discussed among the behaviors of water and sound waves. Water waves will be observed to behave in much the same way as sound waves.

B.
THE LOUDNESS OF THE SOUNDS WE HEAR DEPENDS ON THE AMPLITUDE OF THE SOUND WAVES REACHING QUR EARS.

1.
Demonstration: Loud and Soft Sounds: What Is Different


The HRM Sound Module in conjunction with the computer is used to display the wave nature of 
sounds made by students humming into a microphone and using a Casio SK‑1 keyboard. This 
activity develops the idea that loudness is NOT the same as pitch, and that it varies with the 
distance from the source as well as with the amplitude of the sound wave.

2.
Discussion ‑ Focus On Physics: Sound Intensity and Distance

C.
SOUNDS VARY IN PITCH, SOME ARE HIGH AND SOME ARE LOW. HIGH PITCHED SOUNDS ARE CAUSED BY FAST VIBRATIONS AND LOW PITCHED SOUNDS ARE CAUSED BY SLOW VIBRATIONS.

1. 
Activity: What Causes High and Low Pitched Sounds?


A pendulum is used to develop the idea that shorter lengths of materials tend to vibrate (or move) at faster rates than longer lengths of materials. A ruler is used to apply this idea to vibration of solids. A soda straw whistle is then used to apply 4 to vibrating columns of air.

2. 
Activity: What Makes High and Low ‑Pitched Sound Waves Different?


An Apple ][e computer and an HRM Sound Module are used to capture various sound waves, displaying them on the screen. High pitched sounds are associated with sound waves of a high frequency and low‑pitched sounds are associated with low frequency sound waves. Frequencies are calculated based on actual measurements displayed on the screen.

3. 
Discussion ‑ Focus On Physics: Pitch.

4. 
Activity‑Overhead: Name That Sound.


Students match descriptions of sounds with appropriate sound wave diagrams indicated by various combinations of frequency and amplitude.

D.
AS A VIBRATING OBJECT APPROACHES AND THEN MOVES AWAY, ITS PITCH CHANGES. THIS IS CALLED THE DOPPLER EFFECT.

1. 
Activity: How Does the Pitch Change As a Moving Sound Source Approaches or Moves Away?
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OBSERVABLE CHARACTERISTICS OF SOUND AND THEIR EXPLANATIONS  - 3


A “Doppler Football” is constructed from a nerf ball and buzzer. When tossed about the room, the sound it makes can be heard to increase in pitch as it moves toward a listener and decrease in pitch as it moves away. This same observation can be made concerning passing trains with their whistles and fire trucks with their sirens. This Doppler Eff ect results from both the compression of waves as a vibrating object moves forward and the increased distances between waves that trail behind the moving vibrating object.

E.
A VIBRATING OBJECT CAN FORCE ANOTHER OBJECT TO VIBRATE. A SYMPATHETIC VIBRATION OCCURS WHEN A VIBRATING OBJECT CAUSES ANOTHER OBJECT OF THE SAME NATURAL FREQUENCY TO VIBRATE. A SYMPATHETIC VIBRATION IS SOMETIMES CALLED RESONANCE.

1. 
Activity:   What Are Two Ways That One Vibrating Object Can Cause Another To Vibrate?


Two pendulums attached to a tightly stretched string can influence each other. If one pendulum is started to swing, soon the other will begin to swing if their lengths are similar. Likewise, sound from one vibrating object can cause a second object to begin vibrating. Tuning forks and musical instruments can be used to start other objects vibrating sympathetically.

F.
BEATS ARE CAUSED WHEN TWO SOUNDS OF SLIGHTLY DIFFERENT FREQUENCIES INTERACT.

1. 
Demonstration: - What Are Beats?


Beats can be produced using two tuning forks of the same frequency with a rubber band placed around one of the tuning forks. In this activity, students explore the throbbing sounds produced by the tuning forks which now have slightly different frequencies. When additional rubber bands are put on one of the tuning forks, the pitch of the fork is lowered further, and the number of beats you can hear per second (beat frequency) increases.

2. 
Discussion ‑ Focus On Physics: Beats.

G.
SOUNDS CAN BE REFLECTED FROM SURFACES, WHEN REFLECTED, THE ANGLE OF INCIDENCE IS EQUAL TO THE ANGLE OF REFLECTION.

1. 
Activity:   Does Sound Reflect from Surfaces?


Sound and light behave in the same way when they interact with solid surfaces: they can be reflected. When reflected at an angle, the angles of incidence and reflection can be measured and found to be the same. This activity involves listening to the ticking sound of a mechanical watch as it is reflected from a book's cover. Angles can be simply observed or they can measured quantitatively with a protractor.

2. 
Discussion ‑ Focus On Physics: Echoes.

H.
SOUNDS CAN BE ABSORBED BY SOFT, POROUS OR IRREGULARLY SHAPED OBJECTS, ECHOES ARE SOUNDS THAT ARE NOT ABSORBED, BUT ARE REFLECTED BACK FROM THE SURFACE.

1   Activity: How Can Sounds Be Absorbed?


A coffee can is a good experimental chamber for observing reflection and absorption of sounds. Yelling into an empty can provides experiences with a reflection or echo. By adding various materials to the inside of the can and yelling into it, a good “feel” for sound absorption can be developed by students.

2. Discussion ‑ Focus On Physics: Absorption of Sound.
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I.
SOUNDS CAN BE FOCUSED TO A POINT BY CURVED REFLECTORS.

1. 
Activity: How Do Curved Surfaces Reflect Sound?


As is also the case with light, curved reflectors can focus sound to a point. An umbrella can be used to collect and focus sound. The ticking of a mechanical clock or watch can be heard 5‑10 meters away if two umbrellas are used to collect and focus the ticking sound. Students will discover a “loud point” which is the point of focus of sound for each umbrella used.

J.
SOUNDS TRAVEL BETTER THROUGH SOLIDS THAN THROUGH LIQUIDS OR GASES. THE MORE DENSE THE MEDIUM, THE BETTER THE SOUND TRAVELS.

1   
Activity: Do Solids Conduct Sound Better Than Air?


Coat hanger “chimes” are used in this activity, but in an experimental way rather than as the usual demonstration. A comparison is made of how well different sound conductors compare in conducting sounds from a vibrating coat hanger to human ears.

2. 
Discussion ‑ Focus On Physics: Factors Determining the Speed Of Sound.

K. 
SOUND DOES NOT TRAVEL THROUGH A VACUUM.

1. 
Demonstration ‑ Does Sound Travel Through a Vacuum?


It is traditional to demonstrate this concept by using a vacuum pump to evacuate air from a glass chamber in which a bell or buzzer is ringing. In lieu of an expensive vacuum pump, air can be evacuated from a flask by boiling water in the flask. Steam drives the air out and fills the flask. If a bell is placed in the flask and a stopper put on the flask, the steam inside the flask soon condenses, leaving a partial vacuum. When the bell is shaken inside the vacuum, it is much fainter in sound than the same bell shaken in an air‑filled flask.

2. 
Discussion ‑ Focus On Physics: Sound Cannot Travel In a Vacuum.

L. 
SOUND TRAVELS MUCH SLOWER THAN LIGHT.

1. 
Activity: Do You Hear Things Before You See Them?


A sound producer observed from a far distance sends both sound and light to an observer. There is a discrepancy observed between seeing the sound made and waiting for the sound to be heard.

2. 
Discussion ‑ Focus On Physics: Comparing the Speeds Of Sound and Light.

M. 
THE SPEED OF SOUND CAN BE MEASURED.

1. 
Activity: How Fast Does Sound Travel?


Sound moves slowly enough that echoes can be used to measure the speed of sound. The time if takes for an echo from a wall 50 meters distant can be used to find the speed of sound (in meters per second).

SOUND
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WHAT IS A SOUND WAVE?


Materials: Slinky
Open hallway


String

Comment:

In previous investigations you have seen that sounds are produced by objects which vibrate rather rapidly. As the surface of a moving or vibrating object collides with particles surrounding it, these particles themselves may begin to move. Although far too small to be seen with your eyes, these particles are usually the molecules of the gases in air! (Think about the last time you heard and even felt the sound of a loud drum. Many very small particles of air were bumping into you!)

For example, if a vibrating surface first moves toward you, the air’s molecules are given a shove toward you also, crowding them. These molecules then move toward their neighbors, and so on. This crowded region is called a compression. When the vibrating surface moves backward, away from you, it leaves a somewhat empty space where it has just been. Molecules nearby then move over a bit, to fill in this recently vacated space. Of course, as they move over, they too leave a space behind. This uncrowded space is called a rarefaction.
Imagine putting on a pair of very high‑powered magnifying glasses, so that you could see the molecules of air in the small rectangular space shown in the diagram below.

[image: image4.jpg]



If the room was quiet, with little or no noticeable sound present, and you took a snapshot of the a molecules in this little rectangular space and magnified it, it might look like this:

[image: image5.jpg]crumpling
of paper
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If a very brief sound, that is a single pulse consisting of one compression and one rarefaction was made by the Speaker on the left side of the drawing on the next page, and you took a snapshot of the air molecules in the little rectangular space between the Speaker and the Listener and then magnified the photograph, it might now look like this:

[image: image6.jpg]Tear some paper





If you had taken the snapshot a short time later it might have looked like this:
[image: image7.jpg]Hum with an
even sound
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Does this pulse appear to have moved toward or away from the Speaker during the time in between when these snapshots were being taken?

___________________________________________________________________________________________________
Once the pulse has moved by, a snapshot of the air molecules in the little box might look like this (again).
[image: image8.jpg]Make an "eee”

sound.
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If the pulse is repeated regularly, a pattern may be created. We call this pattern of compressions and rarefactions pressure waves, or sound waves.

This is what Sound waves might actually look like!
[image: image9.jpg]Clear your
throat.
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As long as the vibration continues, pressure waves will be generated and move through the air. When waves reach your ears they push on your eardrums, vibrating them, too. It is these vibrations, converted to electrical signals in your inner ear, that your brain insurers as sound.

Here is a wave which you can see without any magnification:

Activity 1: A Human Wave

a.
Go out in the open hallway, as this activity requires a good deal of open space. You will all form a single file line, facing in the same direction.

b.
Place your hands on, and grasp the shoulders of the person in front of you. Gradually, extend your arms outward until they are straight.

c.
When your line has settled down, have someone at the back of the line give the next person in front a light shove, followed, a second or two later, by a backwards pull.

d.
Repeat several times. Remember to keep your arms straight.

These are called compressional waves. Scientists call them longitudinal waves, because the wave moved along the same line as the disturbance (the push) which caused the wave.

QUESTIONS

1.
ESTIMATE the distance that this human wave traveled as it moved from the back of the line towards the front.


______________________________________________________________________________________________
2. 
How far did you move during this wave motion? DESCRIBE your motion.


______________________________________________________________________________________________
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Activity 2: A Slinky Wave

Waves can also be demonstrated with a Slinky. With a partner, stretch the Slinky to a length of about 3 or 4 meters while keeping the Slinky on the floor. Have a third person tie a short (10 cm) piece of string to a single coil of the Slinky near its center. An additional piece of string should be tied about one meter from one end, and a third piece the same distance from the other end.

a.
START a wave pulse by pushing rapidly on your end of the Slinky toward your partner, and then pulling rapidly back (not by whipping it).

b.
OBSERVE the motion of the strings as the compression and rarefaction move down the Slinky.

c.
Have your partner firmly hold the other end of the Slinky. OBSERVE the reflection.

d.
REPEAT with a series of rapid pulses.

Some earthquake waves (P waves) travel like these slinky waves. They too are compressional or longitudinal waves because the wave moves along the same line as the disturbance (the push) which caused the wave.

QUESTIONS

1. 
How far did the Slinky wave travel from you to your partner?


______________________________________________________________________________________________

______________________________________________________________________________________________
2.
Did any part of the Slinky move very far? DESCRIBE the motion of the pieces string.


______________________________________________________________________________________________

______________________________________________________________________________________________
3.
COMPARE sound waves and these human and Slinky waves. DESCRIBE any similarities you may have noticed.


______________________________________________________________________________________________

______________________________________________________________________________________________
SOUND
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WHAT IS A SOUND WAVE?

IDEA:
PROCESS SKILLS:

Waves in humans and Slinkies model the behavior of sound
Observe

waves. Sound waves are compressional or longitudinal waves.
Describe

Compressions are where the matter is crowded together
Compare

Rarefactions are the uncrowded spaces in between. Although

the wave may travel a large distance, the particles involved 
move forward and backward only a little.

LEVEL: U
DURATION: 30 Minutes

STUDENT BACKGROUND: 

Students should be familiar with sound as vibration.

ADVANCE PREPARATION: 
None.

MANAGEMENT TIPS:
You may want to tell neighboring teachers about the human wave activity before trying it.

RESPONSES TO SOME QUESTIONS:



Activity 1
A Human Wave

1.
Estimates will vary. (The length of the single file line.)

2.
A short distance (less than one meter). Forward and backward.

Activity 2:
A Slinky Wave


1 . 
Three to four meters (from one end to the other).


2.

No. Only a little forward and backward.


3,

In all these waves, particles push on each other, but do 
not move very far themselves. They are all compressional 
(longitudinal). That is, the compressions and rarefactions 
all travel away from their source along the same line 
as the disturbance which caused them, yet the particles involved move forward and back only a short distance as 
the wave passes by.

POINTS TO EMPHASIZE IN 

THE SUMMARY DISCUSSION: 
Sound waves are compressional or longitudinal waves. They can move only through matter (they will not pass through a vacuum).


Only if a participant raises the question, should the fact that longitudinal waves are sometimes represented graphically as transverse wave forms for the purpose of showing their wavelength and amplitude, be mentioned at this time.

POSSIBLE EXTENSIONS:
Use a series of marbles or string‑suspended metal balls to 
show how energy can be transmitted through matter by compressional forces. A line of dominoes can also be knocked 
down from the center outward to demonstrate this idea (as 
well as the idea that sound generally travels outward from its


source).Students can hold hands in a circle. First student squeezes 
hand of next person and so on. Time how long it takes pulse to return.

SOUND
2A2

LOOKING AT SOUND: CATCHING THE WAVE

Materials:
Mac or Windows based computer


Vernier Logger Pro Software

Vernier Lab Pro CBL


Vernier Microphone

various sources of sound
Activity 1:  Capturing Sound


1.
Turn of the computer. Click on Logger Pro software 


2.
To select the proper screen, Select: [File], [Open], [Physics with Computers], [24. Speed of Sound]

3.
To capture an “ooo” sound: Click on [Green collect icon] when you are ready to begin. [It says “Waiting for trigger”. This means you must make a sound.] 


Make a long, drawn out “ooo” (as in “moo”) sound into the microphone. Try to keep the loudness of the sound constant. The collection will stop on its own. If you wish to collect sound for a longer period of time click on [Experiment], then [Data Collection] and change Length to 0.8 seconds.
       NOTE: 
The graph on the screen is a way to represent many of the 
features of a sound pressure wave or sound wave in an easily seen manner. Of course, it is NOT the sound wave itself!

Generally, it is just too much trouble to try to show sound waves with all these particles, (SEE ACTIVITY 2A1) although this is what they really might look like, if you could see them.
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Instead, most books represent a sound wave by using a symbol: a wavy line, which is a kind of graph. This graph Is actually showing where the molecules are more crowded together than normal (top), and less crowded together than normal (bottom). 

As you can see, this looks nothing like a real sound wave, but it is much easier to draw. Sound waves are not wavy lines, or snake‑like things in the air. It is merely convenient to draw them this way, sometimes.

Now, let’s continue...


4.
Capture, other sounds. Repeat step 3 to make and capture sound waves of different sounds.

5.
Compare a musical sound and noise: Now that you have captured 
sound waves, let’s take a closer look at two different sound waves and compare them. To get graphs of sound waves large enough to be seen clearly, click on the [Examine icon] from the top menu bar. Letter ‘A’ is in the icon..
Get good, clear sound waves captured in the box so that you can study them carefully.

a. 
Capture the first sound wave. By making a sound wave of a long, drawn out ‘‘moo’’, as in “moo” (again).


b.
Next, make a graph of the sound you get when you crumple a piece of paper.


SOUND
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LOOKING AT SOUND: CATCHING THE WAVE


6. 
Sketch your sound waves below,

                    Source 
              Sketch of sound wave
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Questions


1.
COMPARE the sound waves in the two boxes. In what ways are they similar?



___________________________________________________________________________________________

2. 
In what ways are the two waves different?



___________________________________________________________________________________________
Activity 2: Record other sounds. Set the Gain for Medium Sounds.
                  Source 
              Sketch of sound wave
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Questions:

1.
OBSERVE the sketches of the sound waves you have captured. Which of your recordings had patterns that repeated?
_______________________________________________________________________________________________
2.
EXAMINE the sketches of your repeating patterns. INDICATE the distance between repeats on your repeating pattern by drawing vertical lines on your sketches. (The time, T, the wave takes to repeat is known as the period of the wave.)

_______________________________________________________________________________________________
3.
COMPARE the repeating and non‑repeating waves. How do they sound differently from each other?

_______________________________________________________________________________________________
_______________________________________________________________________________________________
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LOOKING AT SOUND: CATCHING THE WAVE

IDEA:
PROCESS SKILLS:

The computer is able to display some
Listen

of the important characteristics of
Observe

sound waves as it receives them from
Describe

a microphone.
Compare

Some , ‑ sounds produce regular patterns.

Noise produces an irregular pattern.

LEVEL: L/U
DURATION: 35 Minutes

STUDENT BACKGROUND:
Students should be familiar with the idea that sound has wave‑like properties.

ADVANCE PREPARATION:
You should be comfortable and familiar with the HRM Sound Module as it is used here with the Apple Ile computer.

MANAGEMENT TIPS: 

If it is not possible to have several set‑ups for the 
class, then consider using one set‑up connected to 
several large video monitors. This will allow each 
student to hear the sounds and see the patterns as they 
are created. Involve as many individuals in the 
production of the sounds as possible. Be sure the students understand the meaning of the units on the 
graphs (“ms” means millisecond).

RESPONSES TO

SOME QUESTIONS:

ACTIVITY 1:


2.
The “oo” sound has a regular repeating pattern. The crumpling paper does not.


ACTIVITY 2:


2.
Sketches of repeating waves indicating T, the period.


3.
Repeating waves sound less harsh (more musical) than non‑repeating waves (noise).

POINTS TO EMPHASIZE IN

SUMMARY DISCUSSION:
The image displayed on the computer screen shows 
some of the important features of sound waves. The images themselves, are NOT actually the sound waves.


Noise is generally associated with non‑repeating sound waves, while musical sounds are typically repeating waves.
POSSIBLE EXTENSIONS:
Play some Middle Eastern or Far Eastern music, Do students think this sounds more like music or noise? Display sound graphs. Discuss cultural impact on


value judgments
.


Resource: Although dated, an EXCELLENT set of TWO 
Cassettes, “Science of Sound”, from The Smithsonian Institution, 416 Hungerford Drive, Suite 320, Rockville, MID 20850. Folkways Cassette Series: 06007 (by Bell 
Labs.) Topic ‑ NOISE. Cost: $19.96. Contact person: Dudley Connell: Telephone (301) 443‑2314. Inquire about a possible Operation Physics discount.

SOUND
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FOCUS ON PHYSICS

CHARACTERISTICS OF SOUND WAVES

(Discussion)

Sound waves differ a good deal from light waves. While light waves are transverse, sound waves are longitudinal. The particles of the medium through which transverse waves travel move side to side at right angles to the direction of the wave movement. The particles of the medium, through which longitudinal waves sound energy travel, move back and forth in the same direction that the wave is moving.

Compressional waves sent down a Slinky are a good analogy for the longitudinal waves of sound energy. When the coils of the spring are together, they are analogous to particles of air being packed, or compressed, close together. This part of a longitudinal wave is known as a compression.
On either side of compressed coils of the spring are regions where the coils are far apart. In air, these correspond to areas where molecules are far apart . This part of a longitudinal wave is known as a rarefaction.
The wavelength of a longitudinal wave is the distance between two areas of maximum compression or between two areas of maximum rarefaction. (in general, it is the distance between any point along a wave and the corresponding point on the next wave.)

The amplitude of a longitudinal wave can be measured by finding the maximum distance one coil moves from its normal position.

The frequency of this type of wave can be found by measuring how many times a second a specific coil moves from its normal position, through a complete back‑and‑forth cycle. The same number can be obtained by counting the number of compressions that passed a certain point in a second.

The period of a wave is how much time it takes for one wave to pass by a fixed spot. This time may also be found by dividing the number one by the frequency. (period = 1/frequency)

SOUND
2A4

HOW ARE SOUND WAVES LIKE WATER WAVES?

Materials:
28 cm x 35 cm (I I “ x 14’~ clear plastic photo frame box


water


medicine dropper


food coloring


cork


pen


pom‑porn or similar soft object


strip of wood (10‑ 15 cm)


piece of cloth (10 cm x 15 cm)


curved object like a plastic ruler that can bend without breaking

1
Fill your plastic box about 3/4 full of water. Using a variety of objects, such as your finger, a pencil, drops of water, and a strip of wood, try generating waves in as many ways as you can.
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a.
OBSERVE the waves. DESCRIBE the observations you make.


​​​​​​​​​​​​​​​​​​​​​​​​___________________________________________________________________________________________
b.
How are the waves different when made from a pencil tip compared to waves made by a flat strip of wood?


​​​​​​​​​​​​​​​​​​​​​​​​___________________________________________________________________________________________
c.
What happens to the waves when they hit the edges of the plastic box?


​​​​​​​​​​​​​​​​​​​​​​​​___________________________________________________________________________________________
d.
How can the waves be made higher?


​​​​​​​​​​​​​​​​​​​​​​​​___________________________________________________________________________________________
e. 
How can the waves be made closer together?


​​​​​​​​​​​​​​​​​​​​​​​​___________________________________________________________________________________________
f. 
What happens when linear waves hit the following objects?

Flat Object:    _______________________________________________________________________________
Curved Object:    ____________________________________________________________________________
Soft Pom‑pom     ____________________________________________________________________________
2.
Place a small cork in the middle of the box of water. PREDICT what will happen when water waves are made to move past the cork.


​​​​​​​​​​​​​​​​​​​​​​​​___________________________________________________________________________________________

a. 
Make waves and OBSERVE the cork. How does the cork move?


​​​​​​​​​​​​​​​​​​​​​​​​___________________________________________________________________________________________
3.
Place a small drop of food coloring into the water. This will make a small piece of the water visible. PREDICT what will happen when waves are made to move past the food coloring.

____​​​​​​​​​​​​​​​​​​​​​___________________________________________________________________________________________

Make waves and OBSERVE the food coloring. How does the colored area of water move?

____​​​​​​​​​​​​​​​​​​​​​___________________________________________________________________________________________
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HOW ARE SOUND WAVES LIKE WATER WAVES?

IDEA:
PROCESS SKILLS:

Waves in water can be used to generally
Observe

model the behavior of sound waves.
Infer


Compare


Predict
LEVEL: U
DURATION: 40 Min.

STUDENT BACKGROUND:
Students should have general familiarity with the idea that sound has wave‑like characteristics and is produced by vibrating objects. Activities 2A1 and 2A2 should be tried first.

Students may have difficulty with the analogy that waves in water behave somewhat like sound waves. A common misconception is that material moves with waves, rather than waves moving through the material.

ADVANCE PREPARATION:
Photo frame boxes and other materials need to be gathered. Each set of materials will accommodate a group of about 5 students.

MANAGEMENT TIPS:
You may wish to do Activity 2A5D before this activity, or instead of it, if your equipment is limited.


Waves may be more visible if white paper is placed beneath the water. Unfortunately, the waves move very quickly and students will have to watch carefully to see them. A stroboscope can be useful in making waves appear to stand still.


Linear waves in Step 1 ‑f can be generated by using a flat wooden strip.


The curved reflector can be as simple as a plastic ruler that is slightly bent. A student will need to hold the ruler in that position as the other students make their observations.


One problem with water waves as a model for sound is that water waves are transverse waves, while sound waves are compressional (longitudinal waves). This distinction should have been made clear in Activity 2A2

SOUND
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RESPONSES TO

SOME QUESTIONS:
1. 
Observations about the shape, height, distance apart, and 
reflection of waves may be expected.

b. 
Waves from the pencil tip travel as concentric circles; 
waves from the flat wooden strip travel as parallel straight lines.


c.
They reflect back.


d.
By operating the wave generator (pencil or flat wood) 
more vigorously.


e.
By operating the wave generator more rapidly.


f.
Flat Object: linear waves are reflected back. Curved 
Object: curved waves are reflected. Soft Pom‑Pom waves are absorbed and reflected unevenly.

2. 
Many students may believe that the cork will move along 
with the waves. This is a common misconception which 
this activity should help to counter.

a.

The cork moves up and down with the wave, but it




stays in the same position in the water box. The cork




does not move forward in the direction of the wave.

3. 
Again, many students may expect the food coloring to



move forward with the action of the wave.

a.

The waves move through the colored area. The food




coloring does not move forward with the wave.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Emphasize the similarities between the water waves and the 
behavior of sound waves. Make direct analogies between 
propagation, reflection and absorption of water and sound 
waves. Be sure to highlight the idea that matter does not move along with waves. Instead, any particle of matter moves back 
and forth around the same point as a wave moves past.
POSSIBLE EXTENSIONS:
Obtain a commercially‑made ripple tank and perform some more formal demonstrations of wave properties. 
Try a more viscous liquid (oil or molasses). Are the waves more easily observed?

SOUND
2B1D  

LOUD AND SOFT SOUNDS: WHAT’S DIFFERENT?

Materials: Mac or Windows based computer; Vernier Logger Pro software, CBL, and Microphone;

Casio SK‑ 1 or other keyboards, or tuning forks
Comment:  Sound waves are pressure changes which can move through the air (and other materials, as well). These variations can make a membrane 
inside the microphone vibrate. These vibrations are displayed on the computer screen as they occur.
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Amplitude is the word used to describe the size of the pressure changes in a sound wave. The amplitude of the wave shown below is labeled A.

In this activity, you will compare loud and soft sounds. You will examine the relationship between amplitude and the loudness of a wave.

1.
See what happens when you move the microphone away from a source of sound. Hold the microphone close to your mouth and Hum. Move the microphone away from your mouth while you continue to hum just as loudly as before.
2.
In what way(s) does the wave change as you move the microphone away from your mouth? Does the amplitude change? Does the number of peaks of the wave change?
_______________________________________________________________________________________________
3.
Capture a loud sound wave. Position the microphone close to the speaker mounted in the keyboard. Adjust the keyboard to produce the sound of a “flute” without vibrato. Depress and hold down a key near the left end of the keyboard. Capture the wave and sketch the screen below: after selecting ‘Audioscale’ icon
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4.
Capture a softer sound wave, Turn down the volume without looking at the screen and without changing the key you are playing (frequency), until the volume sounds about half as loud as before. Capture the wave and sketch it below:
[image: image20.png]



5.
How is the wave of the soft sound different from the wave of the loud sound of the same note (frequency)?
_______________________________________________________________________________________________
6.
How is the amplitude of the wave related to the characteristic of a 
sound that is called loudness? What types of sounds have large amplitudes? Small amplitudes?

_______________________________________________________________________________________________
7.
Is loudness a very precisely defined physical concept? Explain.

_______________________________________________________________________________________________
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LOUD AND SOFT SOUNDS: WHAT’S DIFFERENT?

IDEA:

PROCESS

SKILLS:

The amplitude of a sound wave

Observe

Describe

generally correlates well with

Record

Explain

our perception of loudness.

Compare
LEVEL: L/U

DURATION: 30 Min.
STUDENT BACKGROUND:
Students should be familiar with the HRM 
Sound module, and have already tried Activity 2A2 Most students will feel more 
comfortable if many of the activities of Section 2A are performed first.
ADVANCE PREPARATION:
Be sure you are familiar with the keyboard 
and the Sound module before attempting this activity.
MANAGEMENT TIPS:
Although recommended as a 
demonstration, this may be done as an investigation in small groups by using a set 
of headphones with each set‑up instead of using the speaker in the keyboard.

RESPONSES TO

SOME QUESTIONS:
1.
The waves get smaller as the 
microphone is moved away. The amplitude is smaller, too. The number 
of peaks remains the same.


5.
The wave of the soft sound is lower in 
height than the wave of the loud sound.


6.
As the loudness increases, so does the amplitude.


7.
No, loudness does depend upon the 
amplitude of a sound wave, but it also depends upon how far our ears are from 
the sound source.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
The main point to emphasize is that 
amplitude refers to the sound wave itself, while loudness refers to our perception of 
the sound.
POSSIBLE EXTENSIONS:
Have students compare the loudness of 
sounds of different pitch, keeping the amplitude the same. For example, try 
frequencies of 200 Hz and 2000 Hz. Does 
the perception of loudness seem to depend at 
all on the pitch? Discuss this variation of 
sensitivity to different frequencies.

Resource: Although dated, an EXCELLENT set of TWO Cassettes, “Science of Sound”, from 
The Smithsonian Institution, 
416 Hungerford Drive, Suite 320, 
Rockville, MD 20850. 
Folkways Cassette Series: 06007 (by Bell Labs.) 
Topics ‑ Intensity and Loudness. Cost: $19.96. 
SOUND
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FOCUS ON PHYSICS:

SOUND INTENSITY AND DISTANCE

(Discussion)

You know from experience that the closer you are to a source of a sound, the louder it seems, even though the distance the air particles move back and forth is the same as the sound travels farther away from its source. This is because at a distance, a smaller portion of the wave (fewer moving air particles) actually strikes your eardrum. (Your ear intercepts a smaller fraction of a large circle than of a smaller circle.)
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Sound waves spread out in a series of circles (actually spheres) away from a source, as shown above. The energy spreads out rapidly as it moves away from its source. At a distance of 20 meters from the source, the sound wave is spread over four times as much area as it was at 10 meters from the bell. Therefore, only 1/4 as much energy falls on your eardrum, and the intensity is only 1/4 as great. At 40 meters, the sound will be only 1/16 as intense as it would be at 10 meters.

SOUND
2C1
WHAT CAUSES HIGH AND LOW PITCHED SOUNDS?

Materials:
string
4 straws

[image: image22.png]



weight 
scissors


ruler 
masking tape

1
Suspend the weight using a 60 cm long string tied to a pencil and taped to the edge of a table. You have made a pendulum. Although a pendulum moves back and forth too slowly to produce audible sound, it can demonstrate the relationship between the length of an object and how fast it vibrates. Pull the suspended weight to one side and let it swing back and forth. RECORD how many times it makes a complete back and forth swing in one minute. One complete back and forth motion is called a vibration.


_______________________________________________________________________________________________
2.
Shorten the pendulum to a length of 30 cm. Again, count and RECORD the number of back and forth swings (vibrations) in one minute.


_______________________________________________________________________________________________
3,

Repeat the test at a length of 15 cm. Again, RECORD your results.


_______________________________________________________________________________________________
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4.

Use the words “faster” and “slower” to complete the following statements:


The longer the pendulum, the ____________________ 
it swings back and forth.


The shorter the pendulum, the ____________________
it swings back and forth.

5.
With one hand, hold a side of the ruler on the table. Now bend the other side of   the ruler and let go. The ruler is moving back and forth (vibrating), but much more quickly than the pendulum. It is vibrating fast enough to produce a sound.
6.
Move the ruler back and forth on the table so that different lengths extend from the table. Bend the ruler to produce vibrations at the different lengths. DESCRIBE the relationship between length and speed of vibration.


_______________________________________________________________________________________________
7.
Pitch is the highness or lowness of a sound. Pitch depends on how fast something vibrates. Fast vibrations produce a high pitch. Which length of the ruler produced the highest pitch and the lowest pitch?


_______________________________________________________________________________________________
8.
Complete the following statements by using the words “high,” “low,” “fast,” and “slow.”


Long objects vibrate ______________
and produce a _____________
pitch.


Short objects vibrate ______________
and produce a _____________
pitch.
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9.
Make a straw whistle using the following procedure:  
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a. 
Flatten the end of a plastic drinking straw.

b.  
Cut the two sides of the flattened end to make a pointed end. 
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c.
Practice making a sound with the straw by putting the pointed end in your mouth so that your lips are pressing the straw on the top and bottom at a point a little beyond the cut end (jaw end). I

Blow air through the straw as you are pressing the ends with your lips. Sound is produced when the ends (jaws) of the straw vibrate.
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10.
Using what you have learned about pitch from the vibrating ruler, form a HYPOTHESIS about how the length of a straw will affect its pitch.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
11.
TEST your hypothesis by making several straw whistles of varying lengths. Normal straws can be taped together with masking tape to make super long straws (some straws may be able to slip inside others). Also, cut with scissors to make shorter straws,


What did you DISCOVER?


_______________________________________________________________________________________________
SOUND
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WHAT CAUSES HIGH AND LOW PITCHED SOUNDS?

IDEA:
PROCESS SKILLS:

Sounds vary in pitch. Some are high and
Observe

some are low. High‑pitched sounds are
Compare

caused by fast vibrations and low‑pitched
Describe

sounds are caused by slow vibrations,
Test


Explain


Hypothesize
LEVEL: L/U
DURATION: 45 Min.

STUDENT BACKGROUND:
Students should know that vibrating matter produces disturbances in the air. These disturbances are transmitted by molecules in the air being compressed and rarefied. The disturbances are heard as a particular sound when they they reach a receiver such as the ear. In this activity, students will use varying lengths of string for swinging pendulums, varying lengths of a vibrating ruler, and varying lengths of soda straw whistles as analogies of high and low pitched sounds. The students will discover that longer objects vibrate slower than short objects and are analogous to low pitched sounds. Shorter objects vibrate faster and are analogous to high pitched sounds.

ADVANCE PREPARATION:
Materials should be assembled in trays or other containers for use by groups consisting of 2 to 3 students each. A large lead weight (1 to 3 ounces) from a fishing supply store works well as a pendulum bob, although any object of similar weight that is small, to reduce air resistance, will work.


Drinking straws can possibly be obtained as a donation from a local fast food establishment or cafeteria. Plastic straws are more durable, but paper straws also work well until the end gets bent or soggy.

MANAGEMENT TIPS:
The ruler should be held firmly against the table top to prevent vibration between the ruler and the table top. We are interested in the sound produced as the end of the ruler extending from the table vibrates.


Students will discover that long objects vibrate slower and produce a lower pitch and short objects vibrate faster and produce a higher pitch.


The pendulum bob, although it does not make a sound, vibrates back and forth slowly enough for the students to clearly see the difference in length of the pendulum and speed of vibration. One back and forth swing is a complete vibration. Students will need some practice to learn to make a sound with the straw whistle. Sliding the end of the whistle back and forth between their lips will help locate the right spot to produce a sound.

RESPONSES TO

SOME QUESTIONS:
1.
Approximately 37 times.


2.
Approximately 54 times.


3.
Approximately 78 times.


4.
slower, faster


6.
The shorter the ruler, the faster it vibrates. The longer 
the ruler, the slower it vibrates.


7.
The shortest length produced the highest pitch. The 
longest length produced the lowest pitch.

SOUND
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WHAT CAUSES HIGH AND LOW PITCHED SOUNDS?  2

8.
slowly, low



quickly, high


10.
Answers will vary. The shorter the straw, the higher the 
pitch of the sound it produces.


11.
The pitch of the sound produced by vibrating straws 
increases as the length of the straw decreases.
POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION;
The main point is that the pitch of a sound is 
dependent upon the length of the vibrating 
object. Loudness and pitch are two separate characteristics of sound. A straw whistle of a given length can be made to sound 
loud and soft, but the pitch is the same. The only way to 
change the pitch is to change the length.
POSSIBLE EXTENSIONS:
Play a 45 rpm record at 3 different speeds on a record player.


At which speed is the pitch the lowest? 

The highest? 

Discuss this in terms of speed of vibration.

Try tying different lengths of string to washers, and find the 
number of swings in ten seconds. Then plot length vs. 
number of swings. By using the blackboard, put the number of 
swings on the x‑axis (horizontal line), and tape the strings 
themselves to the board at the proper places. A very nice inverse curve, results. 

Measure the rate of vibration (frequency) of the air 
coming from the straw whistles using the Vernier 
Microphone/Amplifier hardware and Frequency software.

SOUND
2C2

WHAT MAKES HIGH AND LOW PITCHED

SOUNDS WAVES DIFFERENT?

Materials:


MAC or Windows computer




Vernier CBL, microphone and Logger Pro software.​




various sources of sound, Casio SK‑ 1 keyboard, tuning forks
Activity 1

High Pitch, Low Pitch ‑ Period and Frequency of Sound Waves


In this experiment, you will compare a high‑pitched sound (soprano) 
with a low‑pitched sound (bass). You may make the sounds by singing, using the keyboard, or other instruments.

1.
Compare two samples of the same sound using 24 Speed of Sound graph from Physics with Computers.

Select Collect when you are ready to begin. When you have a graph, press the ‘Auto scale’ icon to expand the graph vertically.

a.
Are the pairs of sound waves exactly identical or only similar? If only similar, describe in what ways they differ.



____________________________________________________________________________________

Compare high and low pitch sounds. Capture pairs of high‑pitched and low‑pitched sounds. For example, sing “ah” as a high note and then as a low note. Repeat for many kinds of sounds. Try to make the pairs of sounds about the same volume.

b.
What characteristic of the waves seems to represent the difference between high and low pitch in all of these pairs? What seems to stay the same?



____________________________________________________________________________________


____________________________________________________________________________________
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T, the time it takes waves to repeat, is called the period of the wave. 
This time for one complete cycle is indicated in the next diagram. The 
words cycle, vibration, repeat, and back and forth motion all mean the same thing.

In this diagram, because four complete cycles fit into 30 ms, the period of this wave is 30 ms / 4 = 7.5 ms.

The frequency of a wave is the number of complete cycles per second. You can calculate the frequency of a wave by determining how many cycles fit into one second. To decide how many waves will fit, just divide the number of complete cycles by the lime they occupy, in seconds.  
For the above wave, the frequency is 4 cycles / 0.030 seconds 133.3 cycles per second. Another name for cycles per second is hertz, (Hz) The frequency is 133.3 Hz. 
Note:  frequency = 1/period
SOUND
2C2

WHAT MAKES HIGH AND LOW PITCHED

SOUNDS WAVES DIFFERENT?

Activity 2: 
Comparing High and Low‑Pitched Sounds 

1. 
Capture a high‑pitched repeating sound wave. Get a large wave by pressing the ‘Auto Scale’ icon

Sketch the sound wave of your high‑pitched sound in the box below.
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2.
Capture a low‑pitched repeating sound wave. 

Sketch the sound wave of your low‑pitched sound:
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3.
Determine the period of your high‑pitched sound. Choose the ‘Examine’ icon, click on the top of one cycle and drag to the next top. Read the time from the included box. Or you can drag across a number of cycles, determine the time and divide by the number of cycles. Calculate the time for one cycle. Be sure to record the proper units.
Number of complete cycles: _______________
Total time for these cycles: _______________   (add units)
Period of the wave: _______________   (add units)
4.
Calculate the frequency of your high‑pitched sound. 
Frequency _______________ Hz (cycles per second)

5.
Determine the period and frequency of your low‑pitched sound, as above. Show your calculations to the right of your answer:
Period _______________ with units

Frequency _______________ Hz     (cycles per second)

SOUND
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SOUNDS WAVES DIFFERENT?  2
ADDITIONAL QUESTIONS:

3.
How is the period of a wave related to the property of a sound that we call pitch? What types of sounds have long periods? Short periods?



___________________________________________________________________________________________


___________________________________________________________________________________________
4.
How is the frequency of a wave related to the property of a sound that we call pitch? What types of sounds have high frequencies? Low frequencies?



___________________________________________________________________________________________


___________________________________________________________________________________________
5.
Is pitch a very precisely defined physical concept? Explain.



___________________________________________________________________________________________


___________________________________________________________________________________________
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WHAT MAKES HIGH AND LOW PITCHED

SOUNDS WAVES DIFFERENT?

IDEA:
PROCESS

SKILLS:

An Apple Ile computer and an HRM

Observe

Sound Module are used to capture

Compare

various sound waves, displaying them

Describe

on the screen. High pitched sounds

Hypothesize

are associated with sound waves

Test

of a high frequency and low‑

Explain

pitched sounds are associated

with low frequency sound waves.
LEVEL: L/U
DURATION: 45 Minutes
STUDENT BACKGROUND:
Students should know that vibrating matter 
produces disturbances in the air. These disturbances are transmitted by molecules in the 
air. When they reach a receiver, such as an ear, 
the disturbances are then heard as a particular sound. Long objects vibrate slower than short 
objects. The sound heard as longer objects vibrate is lower in pitch than the sound heard as shorter objects vibrate. Students should be 
familiar with the idea that sound has wave​ 
like properties.
ADVANCE PREPARATION:
You should be comfortable and familiar with 
the HRM Sound Module as it is used here with the Apple Ile computer.
MANAGEMENT TIPS:
If it is not possible to have several set‑ups 
for the class, then consider using one set‑up connected to several large video monitors. 
This will allow each student to hear the 
sounds and see the patterns as they are 
created. Involve as many individuals in the 
production of the sounds as possible.

RESPONSES TO

QUESTIONS:
1.
They are very nearly alike. Sometimes 
the waves are taller or shorter and sometimes there are more or fewer of them


2.
High pitched sounds have more waves 
displayed on the screen than low pitched sounds. The height of the waves 
stays about the same.

RESPONSES TO

ADDITIONAL QUESTIONS:
3.
The higher the pitch, the shorter the period in between waves. Low sounds like “ooo” have long periods, but high sounds like “eee” have shorter periods.


4.
High‑pitched sounds have higher frequencies than lower pitched sounds. Squeaky sounds have high frequencies, while groaning sounds have lower frequencies.


5.
Pitch not only depends upon the frequency and period of waves, but also on how our hearing mechanism reacts to these sounds.

POINTS TO EMPHASIZE IN

SUMMARY DISCUSSION:
The image displayed on the computer screen 
shows some of the important features of sound waves. The images themselves are 
NOT actually the sound waves.

Loudness and pitch are two separate 
characteristics of sounds we hear.

Amplitude and frequency are the 
measurements of sound waves which are most closely associated with loudness and pitch.

SOUND
2C3F

FOCUS ON PHYSICS

PITCH and FREQUENCY
The property of sound known as “pitch” is related to the number of waves that strike your eardrums each second, and the way in which your brain processes this information. It depends upon the number of vibrations per second of a vibrating object. Sounds with a low pitch, such as the growl of a dog or a bass note on a piano, have low numbers of vibrations per second. The number of vibrations per second at which an object vibrates is called its “frequency”.

Low frequencies may result from vibrating objects that are long and vibrate slowly. These slower vibrations take more time to make a complete cycle or vibration, thus they have a longer period.

A high‑pitched sound, such as the squeak of chalk on a blackboard, is the result of high‑frequency vibrations. High‑pitched sounds may result from vibrations of short objects, which tend to vibrate more quickly, having a shorter period.

Although two sounds may have the same frequency, if their loudness differs they may seem to have different pitch, as well.
LOUDNESS and INTENSITY

The property of sound known as “loudness” is an indication of the amount of energy used to produce the sound. Sound moves through a medium as single particles of the medium move back and forth from their normal position. The more force that is used to start the particles vibrating, the farther they move back and forth, and the louder the sound.  The loudness of the sound also depends on ones distance form the source. Sounds such as a whisper seem soft to the hearer while the roar of a jet engine will seem extremely loud. The measurement of the loudness of a source is called “intensity”.
When one wants to turn up the intensity on an I-Pod, radio or TV we turn a knob or press a button labeled “Volume”. Note that the use of the word ‘volume’ in this situation does not refer to the word ‘volume’ used in science.
Thus “pitch” and “loudness” refer to perceptions of the listener. This being the case, the pitch and/or loudness as perceived by a listener can and will be different.

The quantities “frequency” and “intensity” are measured quantities of the sound and are the same for all hearing the sound.
SOUND
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NAME THAT SOUND

(Overhead)
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NAME THAT SOUND

The overhead shows sound waves as they are often represented by electronic instruments or computers. The pitch of each sound depends upon frequency (closeness of the waves to each other). The volume or loudness is affected by the amplitude of each sound wave (height of the wave from the central “resting” position). This height is known as the “displacement” of the wave. Try to match the wave diagrams for each sound.

Find a sound that is:

‑ 
soft and high pitched
B

‑
 medium‑loud and medium pitched
A

‑ 
loud and low pitched
E
‑

soft and low pitched
D
‑

loud and high pitched
F
‑

medium‑loud and high pitched
C

SOUND
2D1

HOW DOES THE PITCH CHANGE AS A MOVING

SOUND SOURCE APPROACHES OR MOVES AWAY?

Materials:
a small “nerf” football, available in most discount stores


a battery‑operated piezoelectric buzzer, available from Radio Shack,


and other electronic parts distributers


a sharp blade


tape

1.
Obtain a “nerf” football, buzzer, and battery from the teacher. Turn on the buzzer and insert it and the battery into the “nerf” football. Tape the gap shut. You have just constructed a movable sound source.

2.
Try tossing it around a bit, listening to the sound as the football is moving.


DESCRIBE the sound produced.


____
___________________________________________________________________________________________

____
___________________________________________________________________________________________
3.
Let someone else throw the football. Position yourself several meters away and note any difference in the pitch of the sound when the buzzer moves away from you as compared to when it is moving toward you.


DESCRIBE the difference.


____
___________________________________________________________________________________________


____
___________________________________________________________________________________________
4.                              Have you ever noticed the change in pitch that occurs as a moving train whistle or

fire engine siren passes you? The higher pitch produced by an approaching

sound‑maker is a result of sound vibrations crowding together in
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front of the sound‑maker. Vibrations reach your ear closer

together and you hear a higher pitch. The lower pitch

produced by a sound‑maker is a result of sound

vibrations spreading out behind the sound​

maker. Vibrations reach your ear

farther apart and you hear a

lower pitch.
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5.
Let’s use circles to represent vibrations from a whistle. The circles get bigger and bigger as the vibrations move out from the whistle. How many vibrations are shown for this whistle?


____________________________________________________________________


____________________________________________________________________

6.
Suppose the whistle is not moving. Observers on all sides of the whistle hear the same pitch because the same number of vibrations reach each observer in a given period of time.

7.
Now let’s suppose that the whistle is moving. The diagram shows waves crowding together in front of the moving whistle and spreading out behind the whistle.
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a. 
In which direction is the whistle moving?

____________________________________________________________
b, 
Which observer will hear the higher pitch?


____________________________________________________________
8.
Draw sound vibrations around the moving buzzer that is moving in the direction of the arrow. Write “HIGH” on the side of the whistle where an observer would hear a high‑pitched sound and “LOW” on the side where an observer would hear a low‑ pitched sound.

[image: image36.png]



SOUND
2D1TN

HOW DOES THE PITCH CHANGE AS A MOVING

SOUND SOURCE APPROACHES OR MOVES AWAY?

IDEA:
PROCESS SKILLS:

If a vibrating object is moving, sound waves crowd
Observe

together in front to produce a high pitch and spread
Describe

apart behind to produce a low pitch.
LEVEL: L /U
DURATION: 30 Min.

STUDENT BACKGROUND:

Students should have the ability to discriminate between 
sounds of different pitches. Some practice in “hearing” 
different pitches would be helpful prior to doing this activity. A 
small keyboard, or other sound‑maker could be used for auditory discrimination between different pitches. Some may have trouble distinguishing between different pitched sounds.

Many people are able to recall the change in sound that occurs 
at the precise moment a fire engine passes on the road.
ADVANCE PREPARATION:

Sufficient materials should be gathered ahead of time so that 
preferably each student is able to construct a sound source. 
You should make an incision with a sharp blade in the “nerf” 
football large enough for the students to insert the buzzer 
and battery. For safety reasons, the students should not have access to the sharp blade. If it is not feasible to construct 
individual sound sources, one “Doppler Football” may be used 
as a demonstrator for each group, or even for the whole class.
MANAGEMENT TIPS:
The buzzer appears to produces a higher pitched sound as it 
moves toward an observer and a lower pitched sound as it 
moves away from an observer. The phenomenon of a moving 
sound‑maker being heard as a high pitch to an observer in front 
of it and a low pitch to an observer behind 4 is called the Doppler Effect.

The students should note the higher and lower pitched


sounds as the football flies around. Some may perceive the


sounds as loud and soft if they are not skilled at distinguishing


between sounds of different pitches.

RESPONSES TO

SOME QUESTIONS:
2. The buzzer sounds higher pitched sometimes and lower​


pitched at other times.


3. The sound has a higher pitch as it approaches an observer


and a lower pitch as it moves away from an observer.

SOUND
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HOW DOES THE PITCH CHANGE AS A MOVING

SOUND SOURCE APPROACHES OR MOVES AWAY?


4. 
Yes.


5. 
Five.


7. 
a. 
Toward Observer A, to the left.



b.
Observer A will hear the higher pitch because the vibrations that reach his ears are closer together.
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8.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
High pitched sounds are produced by matter that vibrates 
quickly and lower pitched sounds are produced by matter that 
vibrates more slowly. The buzzer vibrates at a constant rate. It only seems to vibrate faster to an observer in front of it because 
the vibrations that reach the observer are closer together. For 
example, if someone on a moving bicycle was throwing balls to 
you at the rate of one every second, the balls would reach you faster than one per second as the bicycle approached you and 
slower than one per second as the bicycle moved away from you. This is because each succeeding ball has a shorter 
distance to travel as the bicycle moves toward you and each 
successive ball has a greater distance to travel as the bicycle


moves away from you. 

POSSIBLE EXTENSIONS:
Use a tape recorder to record the sound of a whistle as 
someone on a bicycle blowing the whistle approaches and 
passes the recorder. Can the Doppler Effect be heard? 
Another method of detecting the Doppler Effect can be done using a cylindrical whistle and rubber tubing. The whistle is 
inserted into a 1 meter (1 yard +) length of rubber tubing of a 
size that will allow a tight fit. Someone blows the whistle from 
the end of the rubber tubing while turning around 
and around swinging the tubing. Observers should note the alternating high and low sounds.

SOUND
2E1

WHAT ARE TWO WAYS THAT ONE VIBRATING OBJECT CAN CAUSE ANOTHER TO VIBRATE?

Materials:
ball of string


2 large fishing sinkers of different sizes


plastic straw


3 large metal washers of the same size


tuning fork

1.
Tie a string between two supports, such as desks or chairs. Stretch the string tightly.
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2.
Cut two equal lengths of string and suspend each sinker from the stretched strings to produce two independent pendulums as shown.

3.
Start one pendulum swinging. While the one pendulum is swinging, OBSERVE what happens to the second pendulum and RECORD your observations.


_________________________________________________________

_________________________________________________________


______________________________________________________________________

4.
Change the length of one pendulum so that it is not the same as the other. Start one pendulum swinging and OBSERVE the other. DESCRIBE any difference between the behavior of the second pendulum now compared to when the second pendulum was the same length as the first pendulum.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
5.
All objects have a natural vibrating frequency that depends on such factors as the elasticity and shape of the object. An object can be forced to vibrate at a frequency different than its natural frequency, but it vibrates most readily at its natural frequency. The two pendulums that are the same length have the same natural frequency. When one swings at its natural frequency, the vibrations produced in the air and the tight string set the other pendulum to swinging at the same natural frequency. This is known as resonance or sympathetic vibrations. When the pendulums have different lengths, resonance does not occur because the two pendulums do not have the same frequency.
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6.
Suspend the 3 washers from the straw by strings of different lengths.


Twist the straw back and forth to make each pendulum swing. Can you keep all the pendulums swinging at the same time? EXPLAIN.


___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

__​​​​​_____________________________________________________________________________________________
7
As mentioned earlier, an object can be forced to vibrate faster or slower than its natural frequency This is called forced vibration. Strike a tuning fork and then place the stem against a table top. DESCRIBE what change takes place in the sound as the stem is pressed against the table top.


_______________________________________________________________________________________________
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______________________________________________________________________________
8.
Forced vibrations set more air molecules in motion, thus a more intense (louder) sound results. The sounding boards of stringed instruments use forced vibrations to amplify the sound produced by the vibrating strings.

SOUND
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WHAT ARE TWO WAYS THAT ONE VIBRATING OBJECT CAN CAUSE ANOTHER TO VIBRATE?

IDEA:
PROCESS SKILLS:

A vibrating object in contact with a second
Observe

object can force the second object to vibrate
Record

or it can induce a second object with the
Describe

same natural frequency to vibrate even
Explain

though the two objects are not in contact.
Compare
LEVEL: L/U
DURATION: 45 Min.

STUDENT BACKGROUND:

Students should know that the frequency of a vibrating object is the number of back and forth movements it makes in a given period of time. The number of back and forth swings of a child 
on a swing in a minute is one experience students can transfer to the principle of frequency. If two vibrating objects are made 
of the same material and are the same length, their frequency 
will be the same. All objects have a natural frequency at which they vibrate on their own when disturbed. They can be forced


to vibrate slower or faster but are inclined to vibrate at their natural frequency.
ADVANCE PREPARATION:

The fishing sinkers do not need to be the same size. For the 
pendulums, frequency depends on length, not weight. In fact, 
sympathetic vibrations or resonance will occur more readily if 
the large sinker pendulum is used to resonate with the small sinker pendulum. 
The washers should all be the same size so that students do 
not attribute the inability to get all three to swing at the same 
time to differences in washer size. The efficiency  is the same whether the washers are different sizes or all the same size.
MANAGEMENT TIPS:
When a vibrating object is forced against another object, the 
second is forced to vibrate. (A parallel that might be useful:
when you grab someone by the shoulders and vibrate your hands back and forth, the person’s shoulders are forced to 
move back and forth at the same frequency as yours). The combination of the original vibrating object and the forced 
vibrations of the second produce a bigger (not faster) vibration 
in the surrounding air. This results in a louder sound. 
Sympathetic vibrations (or resonance) result when two objects 
have the same natural frequency. One object vibrates and produces air disturbances just far enough apart to stimulate the 
second object to begin vibrating.

RESPONSES TO

SOME QUESTIONS:
3. 
The second pendulum starts to swing with little movement 
at first and then greater movement after awhile.


4. 
The second pendulum shakes erratically but never really 
swings like the second pendulum did in #3.


6. 
No. The natural frequency of the three pendulums are all 
different. The frequency of the twisting motion may 
produce resonance in one of the pendulums, but not all three at the same time.


7. 
As the tuning fork stem presses against the table top, the 
sound from the fork becomes louder.

SOUND
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POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
The main point to emphasize is that one vibrating object has an 
effect on objects it is in contact with and on other objects with the same natural frequency with which it is not in contact. 
Forced vibrations and resonance are common happenings that amplify (increase loudness of) sounds. Megaphones, 
sounding boards of violins, and even the bones and sinuses of the human head help amplify sounds through both forced 
vibrations and resonance.
POSSIBLE EXTENSIONS:
Show the video “Tacoma Narrows Bridge Collapse.”

An apparatus known as the resonance tuning forks would be a meaningful addition. Two identical tuning forks, one adjustable, are attached to wooden boxes (one each). When one is struck, the other will begin vibrating also If they are tuned to a frequency near enough to one another.

SOUND
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WHAT ARE BEATS?

(Demonstration)

Materials:
2 tuning forks, the same frequency


2 small rubber bands

Students should understand how a tuning fork works and also that sounds are produced by vibrating objects.

Because tuning forks are generally in short supply, this should be done as a demonstration. Test this demonstration before demonstrating it to students to be sure that beats can be heard. The beats will be heard as a “throbbing” sound.

Striking the tuning forks with a rubber hammer is the best way to produce a true sound. A cloth over a metal hammer would also do.

1.
Have students LISTEN carefully as you play each tuning fork, Have them note that a tuning fork 
makes a very pure sound.

2.
As you strike the 2 tuning forks at the same time, have students LISTEN carefully. Ask them what they hear.


(Sounds should be the same)

3.
Now wrap a rubber band around one prong of one tuning fork and play the 2 forks again. Have 
students DESCRIBE what they hear.


(Sounds should be different. The fork with rubber band on it sounds lower because when you put 
the rubber band around it, you change its frequency slightly.)

4.
Ask the students if they hear the throbbing sounds get louder and softer? These sounds are called “beats.”


(These throbbing sounds should be clearly heard even if the frequencies are somewhat different.)

5.
Have the students PREDICT what would happen to the beats if you put rubber bands on both prongs of the fork.


(With the rubber bands on the tuning fork, the pitch gets lower.)


Ask the students if the beats are closer together or farther apart?


(The frequency of beats increases)


Ask the students what they think the result would be if the rubber bands were removed from the tuning fork?


(When the rubber bands are removed from the tuning fork, the pitch gets higher and the frequency 
of beats decreases. The throbs get farther apart.)

Note that the number of beats in a given time is the frequency of the beats.

During discussion, emphasize that when sounds are close together in pitch, the beat frequency is low. When the sounds become farther apart in pitch, the beat frequency increases until finally the beats become too fast for humans to distinguish.

To further extend this demonstration, a piano tuner could be used to show how beats are used to tune the keys. Have the students listen for the beats and tune the strings so that no beats are heard.
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FOCUS ON PHYSICS

BEATS

(Discussion)

When two tones of slightly different frequencies are sounded at the same time, a fluctuation in the loudness of the combined sounds is heard. The sound is loud, then faint, then loud, then faint, and so on. This periodic variation in the loudness of sound is called beats.

Beats can be heard when two slightly different tuning forks are sounded together. One fork vibrates at a different frequency from the other. The vibrations of the forks are momentarily in step, then out of step, then in again, and so on. When the combined waves from both forks reach your ear in step, the sound is at a maximum. A moment later, when the forks are out of step, a minimum sound occurs. This sound that reaches your ears causes a throbbing effect.

Beats can be useful. In tuning a guitar, two strings each tuned to the same note are plucked. Any “warbling”, or beat phenomena indicates that the strings are not yet in tune with each other. (This is only satisfactory when playing solo, because no standard comparison is used.) However, in tuning a piano, a piano tuner listens for beats produced between the vibrations of a standard tuning fork and that of a particular string on a piano. When the frequencies are identical, the beats disappear. The members of an orchestra tune up by listening for beats between their instruments and that of a standard tone produced by an oboe or some other instrument.
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FOCUS ON PHYSICS

ECHOES

(Discussion)

The reflection of sound from distant surfaces is called an echo. If you are in a favorable location and make a sound, in a short time, the sound will be reflected. The time required depends on the distance to and from the reflecting surface and on the temperature. If the reflector is 170 meters away, the sound must travel 170 meters back, or 340 meters. At normal temperatures (60oF) sound travels 340 meters per second in air, so the echo will be heard about one second after the sound is produced.

In order for your ear ‑ brain combination to perceive your echo, there must be a delay of about 0.1 seconds or longer, between the time you make a sound and the reception of its echo at your ears.

Use the above information to determine the minimum distance someone may stand from a wall and still be able to perceive their own echo.

Sometimes there is more than one reflecting surface and we hear a series of echoes. Thus, when a gun is fired in a canyon, the sound bounces from one side of the canyon to the other, reflecting many times and reaching our ears by many paths of differing length. In this way, a gunshot is drawn out to a long peal.

Consider listening to music in a bare, unfurnished room. The hard walls, floor, and ceiling each reflect sound energy well. The resulting multiple echoes change the sound that you hear. This is called reverberation. It can be especially pronounced in a large room or hall, such as a gymnasium, where the echoes may travel a much longer path to your ears than the direct sounds, and therefore be heard much later. To listen to this can be very confusing. The delayed sounds arrive at your ears while very different direct sounds are also arriving!

Some reverberation sounds pleasant, as when singing in the shower. Too much can be very distracting. Too little can sound unnatural. Sound seems to get “lost”. This can sometimes occur in rooms with thick, heavy rugs; overstuffed furniture; and heavy drapes. These are poor reflectors of sound energy.
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HOW CAN SOUNDS BE ABSORBED?

Materials:
2 identical, large tin cans, such as 2 lb. coffee cans


nail


hammer


30 cm squares of cotton and wool cloth


30 cm square of newspaper


30 cm square of aluminum foil

1.
PREDICT what will happen if you yell into a large tin can.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
2.
Yell into the can. What result do you OBSERVE?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
3.
PREDICT what will happen when you yell into the can that has holes in it.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
4.
Yell into the can that has holes in it. OBSERVE the result. How is the sound reflected differently   than when the can did not have holes in it?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
5.
How could the sound of yelling be made to reflect less from the tin can?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
a.
Try placing wool cloth into the can. Yell into it and OBSERVE the results. How is the sound affected by the wool?



___________________________________________________________________________________________


___________________________________________________________________________________________
b.
Now try each of the following materials in the can: cotton cloth, newspaper, and aluminum foil. Which materials absorb sound best?



___________________________________________________________________________________________


___________________________________________________________________________________________
6.
What kind of surface is best for reflecting sound?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

What kind of surface is best for absorbing sound?


_______________________________________________________________________________________________
7.

_______________________________________________________________________________________________

Suggest some ways to construct the inside of a large room so that there would be no reflected sounds inside the room.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
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DO SOLIDS CONDUCT SOUND BETTER THAN AIR?
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Materials:
metal coat hanger, spoon, etc.


string


thin wire


nylon fish line

1.
Tie the center of a 1 meter length of string to the hook of a coat hanger.

2.
PREDICT what will happen if you dangle the coat hanger on the string and hit it against the table.


_______________________________________________________________________________________________
3.
Try hitting the coat hanger against the table. What do you OBSERVE about the result of the sound?


_______________________________________________________________________________________________
4.
Now, PREDICT what result you will OBSERVE when you hold the ends of the string in your ears as you repeat the activity.


_______________________________________________________________________________________________
5.
Try it. How do the sounds COMPARE when the ends of the string are held in your ears and when you did the same experiment without the string in your ears?


_______________________________________________________________________________________________
6.
EXPLAIN what causes the sounds to be different.


_______________________________________________________________________________________________
7.
Does air or the solid string conduct sound better?


_______________________________________________________________________________________________
8.
COMPARE metal wire, string and nylon fishing line as conductors of sound. First, PREDICT which one will be the best and worst conductor, then tie each of the conductors to the coat hanger in turn and listen to how well the materials conduct sound from the clanging coat hanger to your ears.

	
	Predict
	

	Conductor Test
	Best or Worst
	Results

	String
	 
	 

	Thin Wire
	 
	 

	Nylon Fish Line
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DO SOLIDS CONDUCT SOUND BETTER THAN AIR?

I D EA:


PROCESS SKILLS:

Sounds travel better through solids than


Observe

through liquids or gases.


Compare




Predict




Test
LEVEL: L/IJ


DURATION: 20 Min.

STUDENT BACKGROUND:

Students need to know that sounds are made by vibrating objects and that they move as vibrations through matter.
ADVANCE PREPARATION:

Collect the needed materials.
MANAGEMENT TIPS:
Students may work in pairs or in larger groups. They can pass the coal hanger string setups around and share them. In the classroom, be sure students don’t hit the coat hangers 
together and have the activity degenerate into a jousting match.

Other objects, such as spoons, rulers or metal utensils may be substituted for the coat hangers.

RESPONSES TO

SOME QUESTIONS:
Note: A common naive conception among children is that air conducts sound better than solids or liquids. This activity provides a dramatic experience demonstrating superior sound 
conductivity of solid materials as compared to air.

Try to be sure that students understand the key comparison 
being made here
.


2.

Predictions should be verified.


3.

It will make a clunking sound. The sound will not be very 
loud or very pleasant.


4. 
Many students may expect the sound to be less in volume since their ears are being plugged with their fingers.


5. 
The sounds are now louder and more musically pleasant. The coat hangers sound like chimes now.


6. 
The sound is conducted directly from the coat hanger through the solid string. More of the sound reaches your ears than when it travels through the air to your ears.


7.
Solid string.


8.
Prediction answers will vary among the students. Results will depend on the actual materials experimented with. Thickness and tautness of conducting materials may be factors, as well as the densities of the conducting materials.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Be sure to emphasize that the major variable being 
investigated here is a comparison between movement of sound through air as compared to movement through a solid. 
Emphasize that denser media transmit sounds better than less dense media.

POSSIBLE EXTENSIONS:
Try comparing longer and shorter strings. Try the activity with 
the coat hanger suspended from a long rubber band (little sound is transmitted because the flexible rubber band absorbs 
most of it and converts it into heat).

Students may be encouraged to do some reading to discover 
why different substances behave differently.
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DOES SOUND TRAVEL THROUGH A VACUUM?
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(Demonstration)

Materials: 
2 flasks


2 rubber stoppers


2 small bells on a stiff wire


Bunsen burner or hot plate

Students need to understand that sound is produced by vibrating objects and that as the object moves back and forth, the sound travels out from the object.

The bell will be able to be heard inside the flask at the beginning of this demonstration because there is air in the flask. Some water is then put into the flask and the flask is heated until the water boils for about a minute. The boiling forces air out of the flask because steam is produced which fills the flask. When the flask cools, the steam condenses back to water, The bell is much fainter in sound in this partially evacuated flask.

To be sure the technique is mastered; you may want to try the following procedures before demonstrating them to your class.

1.
Attach a small bell to each wire and place the other end of each wire in the rubber stoppers. Adjust the wires so that each bell will hang in the center of its flask when closed,

2.
Close the flasks. Shake the flasks and have the students listen to the bells.

3.
Take the stopper off of one flask. Cover the bottom of the flask with water and carefully heat it over a Bunsen burner until boiling. Let the water boil for a minute or so, turn off the flame and holding the flask with a towel, immediately insert the stopper with the attached bell.

4.
Let the flask cool for a minute, shake it, and have students try to hear the bell. Shake the unheated flask in the same way and have the students compare the sound.

5.
Ask the following questions:

a. 
Why did you no longer hear the bell ring in the sealed flask where the water was boiled?


(Because there was less air in the flask)

b. 
Why was the water boiled in the flask?


(To create a partial vacuum by driving out the air)

c. 
Can you make a general statement about sound traveling through a vacuum?


(Sound does not travel through a vacuum. Sound needs a medium through which to travel)

d.
Why do you think sound cannot travel through a vacuum?


(Sound needs a medium to carry the vibrations)

e. 
Is it reasonable to be able to hear rocket exhaust or “Star War” sounds in outer space? EXPLAIN.


(No. Sound waves do not move through empty space so you could not hear rocket exhaust or “Star Wars” sounds in outer space)

During discussion, emphasize that sound does not travel in a vacuum. Sound waves need a medium through which to travel. The vibrations produced by vibrating objects require a medium through which to travel. The sound waves hit the ear drum which vibrates in response. Light waves are a different variety of waves than sound waves. Light waves do not need a medium through which to travel‑‑they can travel through a vacuum.

To extend this demonstration, you could, if possible, procure a vacuum pump and evacuate a bottle with a bell in it, The bell will not sound when shaken. As the air is slowly allowed to enter the jar, the bell begins to be heard.
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Materials:
large metal cookie sheet


large metal cooking spoon

1.
Go outside to a football field and stand at one end of the field. One student should stand at the other end of the field and with broad movements, strike the metal cookie sheet with the large metal cooking spoon.

2.
Did you see the metal spoon strike the cookie sheet before you heard the sound?


_______________________________________________________________________________________________

Can you EXPLAIN why this happens?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
3.
DESCRIBE another time when you heard a sound after you saw what was happening.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
4.
What happens during a thunder and lightning storm?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

Do you first hear or see what is happening?


_______________________________________________________________________________________________
5.
Have you ever been to a baseball or football game and listened to the Star‑Spangled Banner being sung? EXPLAIN what you heard.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
6.
Based upon what we have just done, what can you say about the speed at which light and sound travel?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
7.
Extension Go to a construction site and stand about a half a mile away from a high perch. Notice how you can see what happens before you hear the sound. Can you EXPLAIN this?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
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DO YOU HEAR THINGS BEFORE YOU SEE THEM?

IDEA:
PROCESS SKILLS:

Sound moves much slower than light.
Observe


Compare


Relate


Communicate

LEVEL: L/U
DURATION: 45 Minutes

STUDENT BACKGROUND:
Students must be able to separate what is seen from what is heard, and also be able to compare the relative speeds of sound and light. It is necessary to associate light traveling with seeing objects. (Many young students probably do not make this association).

ADVANCE PREPARATION:

None,

MANAGEMENT TIPS: 
Be sure the student striking the cookie sheet with the spoon 
does it with a large broad movement so that those observing 
from a distance will see ft.

RESPONSES TO

SOME QUESTIONS:
2.

Individual responses.


3.

Individual responses, within the context of the question.


4.

Individual responses.


5.

Individual responses


6. 
They do not travel at the same speed. Sound travels 
slower than light does.


7.

Extension: Sound travels slower than light does.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Remind everyone that we can generally see something from a distance before we actually hear the sound. The possible explanation is that light travels faster than sound. In the classroom, this idea might be too complicated for some students to understand, but examples might help to develop the concept.

POSSIBLE EXTENSIONS:
1.
Go to a construction site and observe and listen for this 
principle to be demonstrated.


2.
Make a video of a thunderstorm.


3.
This exact set‑up can be used to measuring the speed of 
sound. Have the students measure the distance of 
separation between the cookie sheet hitter and the timer. 
This distance should be as great as possible, 200 meters 
would be nice. The timing begins at the instant the cookie



sheet is hit and ends when the sound is heard at the 
opposite end of the field by the timer. The speed of sound 
can be calculated by dividing the distance by the time.

SOUND
3WL

WORKSHOP LEADER'S PLANNING GUIDE

MUSICAL INSTRUMENTS

Most people enjoy music, so music and musical instruments are excellent topics for bringing workshop participants into the science of sound. Musical instruments are precisely controlled sound producers. As sound producers, all musical instruments are designed to produce vibrations. String and percussion instruments depend essentially on vibrations of solid materials. Wind instruments operate by controlling vibrations of columns of air.

The simple activities included in this section are intended to help students understand the science on which musical instruments are based. The activities can easily be extended into construction of a variety of homemade instruments and even into the organization of a makeshift orchestra.

Naive Ideas:

1. 
In wind instruments, the instrument itself vibrates, not the internal air column. (3A1)

2. 
Music is strictly an art form; it has nothing to do with science. (3A1, 3A2.) ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑​

A. 
ALL MUSICAL INSTRUMENTS PRODUCE VIBRATIONS. THERE ARE THREE FAMILIES OF MUSICAL INSTRUMENTS: STRING, WIND, AND PERCUSSION.

1. 
Activity: How do Musical Instruments Work?


Vibrating air columns in jars and tubes, plucking a taut fish line, and banging on pan lids illustrate how sounds are related to their pitch.

2. Discussion ‑ Focus On Physics: Factors Determining the Pitch of Musical Instruments.

SOUND
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HOW DO MUSICAL INSTRUMENTS WORK?

Materials:
four 16 oz. (500 ml.) soda pop bottles
3 pan lids of different diameters


1 x 4 board (12” long)
scissors


tongue depressor
spool of fishing line


2 screw‑eyes
wooden spoon

1. 
Blow across the open tops of the bottles.

2.
All sound is produced by vibrating matter. What is vibrating to produce the sound in the bottles?


_______________________________________________________________________________________________
3.
List musical instruments that function on the principle of a vibrating air column.


_______________________________________________________________________________________________
4.
Fill one bottle to a depth of a few centimeters, another to TWICE this depth, a third bottle to THREE times this depth, and a fourth to FOUR times this depth. Number these bottles 1, 2, 3, and 4. Blow across the tops of the bottles now. Listen to the sounds. How do the pitches of the sounds COMPARE with the amount of water in the bottles?


_______________________________________________________________________________________________
5.
Try playing “Mary Had A Little Lamb” by blowing across the tops of the bottles.

6.
Tap each of the bottles with a pencil. Can you play “Mary Had A Little Lamb” now? EXPLAIN.


_______________________________________________________________________________________________
7.
Reverse the order of the numbered bottles and reverse the numbers as well (#1 and #4 switch; #2 switches with #3). Try playing the tune again, by tapping. What happens now? EXPLAIN.


_______________________________________________________________________________________________
8.
How is the length of the air columns changed on woodwind instruments so that they can produce different pitches (notes)?


_______________________________________________________________________________________________
9.
Secure the two screw‑eyes in opposite ends of the 12” 1 x 4 board. Stretch an appropriate length of fishing line across the two screw‑eyes. Try to keep the line taut by turning one of the screweyes. Pluck the fishing line with your thumb. What matter vibrates to produce the sound?


_______________________________________________________________________________________________
10.
List musical instruments that function on the principle of a vibrating string.


_______________________________________________________________________________________________
11.
Stand the tongue depressor on its long edge under the fishing line so that it is perpendicular to the line and divides the line into two unequal parts. Pluck each line. DESCRIBE how the pitch varies with different lengths of fishing line.


_______________________________________________________________________________________________
12.
How can the lengths of the vibrating strings on the instruments listed in Question 10 be changed so that different notes can be produced?


_______________________________________________________________________________________________
13.
Bang a pan lid with the wooden spoon. What matter vibrates to produce the sound?


_______________________________________________________________________________________________
14.
List musical instruments that function on the principle of banging or clapping things together to produce vibrations.


_______________________________________________________________________________________________
15.
Try pan lids of different sizes. Which one has the highest pitch?


_______________________________________________________________________________________________
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HOW DO MUSICAL INSTRUMENTS WORK?

IDEA:
PROCESS SKILLS:

All musical instruments produce vibrations.
Observe

The three families of musical instruments
Describe

are wind, string, and percussion. The pitch
Explain

of musical instruments is changed by varying
Compare

the length of the vibrating object.
Classify

LEVEL: L/U
DURATION:   Two 45 Min. Sessions

STUDENT BACKGROUND:
Students should recall from previous activities what affects the pitch that a vibrating object produces. Also, they should know that vibrating matter may include solids, liquids, and gases. Musical instruments utilize just solids (reeds, strings, whole objects) and gases (air columns). A review of the different kinds of musical instruments (don’t classify them) would be useful before this activity.

ADVANCE PREPARATION:
Materials should be assembled in trays or boxes for students to use, working in groups of 2 to 3. All items may be obtained locally.


A small nail hole will make inserting the screw‑eyes into the board easier. Younger students may have trouble getting the fishing line taut between the two screws. Having one person hold the line while another person ties a square knot is a good way to assemble the strings. The string can be made tighter by turning the screw‑eye.

MANAGEMENT TIPS:
In wind instruments, an air column vibrates to produce the sound. The air column is set vibrating in one of three ways: 1) air blown against the edge of a hole causes disturbances in the air column (flute); 2) a vibrating reed sets up disturbances in the air column (clarinet); or 3) vibrating lips set up disturbances in the air column (trumpet). In each case, holes along the cylinder that contain the air column allow the effective length of the vibrating air column to be changed by opening and closing the holes. As the length of the air column is changed, the notes produced are changed.


String instruments make sounds as the strings vibrate. The musician changes the length of the strings by changing the location where the fingers are holding the string down.


In percussion instruments, the object itself, or a part of the object vibrates. The length of the vibrating object cannot be changed on a percussion instrument so several instruments (different sizes of drums, for example) are used.

RESPONSES TO

SOME QUESTIONS:
2.
The column of air is vibrating.


3.
Flutes, clarinets, trumpets, trombones, oboes, and saxophones.


4.
The more water in the bottle (and less air) the higher the pitch.


6.
No. The notes seem reversed.


7.
The notes sound right again. The bottle is vibrating now, 
riot the air column.


8.
Wind instruments have holes in them that can be 
opened or closed to change the length of the air column.
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9.
The string vibrates.


10.
Violin, piano, guitar, harp, and cello.


11.
The shorter string produces a higher pitch than the longer string.


12.
Fingers are used on guitars and violins to change the 
string length. Pianos and harps simply have many different lengths of string.


13.
The pan lid vibrates.


14.
Cymbals, drums, bells, chimes, and xylophones.


15.
If the lids are of approximately equal thickness, the small



one will have the higher pitch.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Musical instruments incorporate the physics of sound. Pitch is 
changed by altering the length of the vibrating object. Forced 
vibrations and resonance are used to amplify the sound.

Musical instruments are classified into 3 families based upon 
the nature of the object that vibrates to produce the sound.
POSSIBLE EXTENSIONS:
Construct more sophisticated homemade musical instruments 
and form a class band. The Musical Instrument Recipe Book 
gives excellent direction for making chimes, whistles, drums, 
rattles, bells, etc. Although the book is out of print it can be obtained from ERIC
:


Educational Resources Information Center


Robert W Howe, Director


Ohio State University


1200 Chambers Road, Third Floor


Columbus, OH 43212


(614) 292‑6717

Have the students (or a music teacher) bring in instruments and allow students to try them.
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FACTORS DETERMINING THE PITCH OF MUSICAL INSTRUMENTS

(Discussion)

Objects that vibrate at a regular rate, therefore having a definite frequency, produce what many people feel are musical tones. Objects that vibrate at irregular rates produce what many people call noise. Remember however, that this is a very individual judgment. Your music may sound like noise to someone else.

As with all sounds, our perceptions of musical sounds may differ from each other in loudness and in pitch. Our sense of a sound’s loudness is related to the amplitude of the sound wave and is a measure of the energy of the wave.

Our sense of a sound’s highness or lowness, called pitch, does depend upon the frequency of the wave (which is measured in the number of complete cycles of the wave per second). In general, the greater the frequency, the higher the pitch. However, doubling a sound wave’s frequency may not always be perceived as doubling its pitch. Furthermore, changes in loudness affect our sense of pitch, too. Nonetheless, pitch is the most important characteristic of a musical sound.

Pitch is related to the natural frequency of the vibrating object. In string instruments, some strings are short and heavy, while others are long and thin. Thick, heavy strings vibrate more slowly than do thin strings. Long strings vibrate at a lower frequency than do short strings.

Pipe organs, flutes, coronets, and other wind instruments produce tones by setting an air column into vibration. When air is in a container, it has a natural frequency of vibration that depends upon the length of the column of air. Longer air columns vibrate at lower pitches than shorter air columns.

SOUND
4WL

WORKSHOP LEADERS PLANNING GUIDE

CONTROL AND APPLICATIONS OF SOUND  - 1
Sound can be controlled, transformed, enhanced, and used in many ways to make life easier or more enjoyable for people. Telephones and radios project identifiable sounds over thousands of miles. Ultrasounds are used to make “pictures” of unborn fetuses, for dental work, and for many industrial applications. And, desirable sounds can be recorded on records, magnetic disks and on laser disks for replay at any time you might wish. On the negative side, however, our modern technological society regularly produces high levels of unwanted sounds, sometimes called noise pollution.

Activities in this section will challenge students to understand the science behind some of sound's applications. As always, some naive conceptions may become apparent during the activities.

Naive Ideas:

1.
In actual telephones (as opposed to tin can telephones) sounds, rather than electrical impulses, are carried through the wires. (4C2)

2.
Ultrasounds are extremely loud sounds. (4B1), 4B2)

3.
Megaphones create sound. (4A1)

4. 
Noise pollution is annoying, but it is essentially harmless. (4E1)

-----‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑---------------------------‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑​

A.
SOUNDS CAN BE COLLECTED AND AMPLIFIED.

1. 
Activity: How Can Sounds Be Collected and Amplified?


Cone shaped megaphones can be used to both collect and amplify sounds. Megaphones allow people to be heard over a longer distance and to hear sounds that come from a longer distance.

2. 
Discussion ‑ Focus On Physics: How a Cone‑Shaped Amplifier Works.

B
ULTRASOUNDS ARE HIGH FREQUENCY SOUNDS NOT AUDIBLE TO PEOPLE. ULTRASOUNDS HAVE MANY PRACTICAL APPLICATIONS. THEY ARE USED FOR “SILENT” DOG WHISTLES, HOMOGENIZING LIQUID MIXTURES, CLEANING CAVITIES IN TEETH, AND FINDING FLAWS IN METAL CASTINGS.

1. 
Demonstration: What Are Ultrasounds?


Attempts are made to visualize sounds made by a “silent” dog whistle. These are ultrasounds too high in frequency to be heard by humans.

2. 
Discussion ‑ Focus On Physics: Ultrasound.

C.
SOUNDS CAN BE TRANSMITTED FROM ONE PLACE TO ANOTHER.

1. 
Activity: How Can Sound Be Transmitted From One Place To Another?

This activity is the old “tin can telephone” in a new experimental guise. Students build telephones and then vary the “receivers,” They then experiment with a variety of sound conducting materials (kite string, nylon fishing line, wire) to find which conductors are best for this purpose.

2. 
Discussion ‑ Focus On Physics: How a Telephone Works.
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CONTROL AND APPLICATIONS OF SOUND  - 2
D.
SOUNDS CAN BE RECORDED ON RECORDS, MAGNETIC TAPES, AND ON LASER DISKS.

1. 
Activity: How Does a Record Produce Sound?


A paper cone and needle can be used to produce audible sounds from a record spinning on a turntable, much as the antique gramophones did. Grooves on the record make the needle vibrate at different frequencies and these vibrations are then amplified by a paper megaphone. A 78 rpm record is best for this activity.

E.
NOISE POLLUTION CONSISTS OF A LARGE NUMBER OF LOUD, UNWANTED SOUNDS IN AN ENVIRONMENT.

1.
Activity: What Is Noise Pollution?


Noise pollution is a source of anxiety and more serious illnesses for people who are 
overexposed to this sort of environmental stress. Awareness of noise pollution can be 
improved by having students make tape recordings of instances of noise pollution.
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HOW CAN SOUNDS BE COLLECTED AND AMPLIFIED?
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Materials:
2 pieces of 9” x 2” construction paper, per student 

scotch tape

1.
Make two cones using two pieces of construction paper. Tape the corners with scotch tape to hold them in place.

2.
Put the small end of each cone gently into your ears and LISTEN to the word your teacher says.

3.
Now, take the cones out of your ears. LISTEN to the word your teacher says. Did you hear better with or without your extra ears?


_______________________________________________________________________________________________
4.
Now put your giant ears on and move around the room. LISTEN for sounds in front of you and behind you. COMPARE the sounds you hear this way with the sounds you normally hear. Are the sounds louder or softer?


_______________________________________________________________________________________________

Write the NAME we give to sounds that are made louder:

____________________ sounds

5.
Now turn your cones around so that the large ends fit over your ear and LISTEN to a word which your teacher says. Do you think this is a good way to hear? EXPLAIN.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
6.

After working with cone ears, what can you say about amplified sounds?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
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HOW CAN SOUNDS BE COLLECTED AND AMPLIFIED?

IDEA:
PROCESS SKILLS:

Sounds can be collected and amplified.
Observe


Compare


Communicate

LEVEL: L
DURATION: 45 Minutes

STUDENT BACKGROUND:
Students must have eye‑hand coordination and be able to follow directions.

ADVANCE PREPARATION:
You might elect to pre‑make the cones if you are working with children who might have difficulty fastening the cone.

MANAGEMENT TIPS:
Work with the whole group first and then students can work in pairs and invent other words they want to try with and without the “ears” and then compare the sounds.

RESPONSES TO

SOME QUESTIONS:
3. 
With.


4.
The sounds are louder. Amplified sounds.


5.
No. Sounds are not collected from the environment by this shape. The sounds are actually blocked from reaching the ears.


6.
Amplified sounds are louder sounds, like the sounds from the speaker of a stereo, etc.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Sounds can be collected and made to sound louder using amplifiers or sound enhancers such as “big ears.”

POSSIBLE EXTENSIONS:
Using a tuning fork, strike it to the table and place your ear with “big ears” on the table. Try other sounds with and without the big ears and continue comparing.

SOUND
4A2F

FOCUS ON PHYSICS

HOW A CONE‑SHAPED AMPLIFIER WORKS

(Discussion)

A cone‑shaped amplifier works by collecting a greater fraction of the sound wave’s energy generated by a source than generally reaches your ears. The fraction of sound energy is which ordinarily reaches your ears is represented by the following figure.
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Area of sound waves reaching your ear

With a cone‑shaped collector, considerably more of the total wave front reaches your ear. Therefore more sound energy reaches your ear and the sound is heard louder.
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MUCH LARGER area of sound waves reaching your ear

SOUND
4B1D  

WHAT ARE ULTRASOUNDS?

(Demonstration)

Materials:
“silent” dog whistle


tin can sound vibration amplifier (see 1A2TN

Students should be familiar with observable characteristics of audible sounds, including the wave model. An understanding of wavelength and frequency will be helpful.

Before performing this demonstration, you should try the dog whistle and tin can sound vibration amplifier to be sure everything works.

The silent dog whistle’s sound can be made observable by way of a microphone hooked up to an oscilloscope if these devices are available.

A dark room and a bright light, such as that made by a slide projector, are best for effectively using the tin can sound vibration amplifier.

The following “Focus On Physics” discussion provides some information on applications of ultrasound and should be used in conjunction with this demonstration.

1 . 
Blow on the “silent” dog whistle. Ask the students what they hear.


(Nothing)

2.
Blow the dog whistle into the tin can sound vibration amplifier from Activity 1A1TN Use a flashlight to try to find evidence that the dog whistle does produce vibrations. Ask the students what sounds, which are too high in pitch to be heard by human ears, are called.


(Ultrasounds. Reflected vibrations will be quite faint)

During discussion, emphasize that ultrasounds have very high frequencies and very short wavelengths. Ultrasounds cannot be detected by human ears.

To extend this demonstration, you could: 
1. 
Have a watch repairman demonstrate ultrasonic cleaning, 
2. 
Look inside an ultrasonic humidifier and try to understand how it functions, 
3. 
Investigate how bats use ultrasounds to navigate flight, and 
4. 
Find out how sonar is used to find schools of fish.

SOUND


4B2F

FOCUS ON PHYSICS

ULTRASOUND

(Discussion)

For many years, people were puzzled when dogs seemed to be able to hear sounds that people could not hear. We now know that a dog can hear sounds with frequencies up to 30,000 Hz. Human ears cannot hear vibrations above 20,000 Hz.

High‑pitched sounds that are beyond the range of human hearing are called ultrasonic sounds. Bats can hear ultrasounds that vibrate at 130,000 Hz. They emit high‑pitched sounds that hit walls, trees, insects, and other objects. These sounds, which bounce back as echoes, are “heard” by the bats, and used for guiding their flight.

Modern methods of underwater research and warfare use ultrasonic sound waves to detect submarines, underwater icebergs, and marine life. Sonar uses sound frequencies of about 50,000 Hz. These high frequency sounds can be aimed in one direction without spreading out very much.

Ultrasonics have many other uses, such as:

1. 
Burglars disturb silent ultrasonic beams and set off alarms.

2
Ultrasonic beams can vibrate liquid particles so rapidly they turn soapy liquids into emulsions, as is done in the manufacturing of some shaving creams.

3.
Food processing plants use ultrasonics to tenderize meat.

4.
Clothes may be cleaned with ultrasonics.

5.
There is evidence that ultrasonics will scare mice and rats away from a building.

6.
Because ultrasonic waves reflect differently from human organs of different densities, doctors use ultrasonics to harmlessly explore the human body without the use of x‑rays. When ultrasounds enter the body, they are reflected more strongly from the outside of organs than from their interiors, and a picture or outline of the organs is obtained. When ultrasound hits a moving object, the resulting echo has a different frequency than when the object is not in motion. Using this Doppler Effect,   a physician can detect the beating heart of a fetus as early as 11 weeks. The computer‑enhanced images called “sonograms” work in much the same way to produce a picture of a fetus.
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HOW CAN SOUND BE TRANSMITTED FROM ONE PLACE TO ANOTHER?

Materials:
Styrofoam cups
kite string


fishing line
wire


paper clips
tin cans


paper cups

1.
Construct a paper cup telephone by making a small hole in the bottom of two cups, just large enough for the string to pass through. Take a 5 meter length of string and pull one end through the bottom of one cup and the other through the bottom of the second cup. Tie a paper clip into the end of the string that is inside each cup so that the string doesn’t fall out. Now you have created your own telephone.

2.
Why do you think people need telephones?


What do you use a telephone for?

3.
Working with a partner, each of you take a cup and pull the cup away until the string is taut. Decide who will be the talker and who will be the listener.

4.
Now say a word to your partner by speaking into your cup and see if your partner can hear you through the receiving cup. Try taking turns being the talker and the listener.

5.
Try making other telephones using different cups and different strings. Test out these telephones with your partner and try to decide which cups produce the best sounds and which strings produce the best sounds.

6.
You might make a chart to keep track of what you think. The chart might look like this:

	With Kite String
	
	With Paper Clips

	 
	1
	2
	3
	
	 
	1
	2
	3

	Cups
	 
	 
	 
	
	String
	 
	 
	 

	Paper
	 
	 
	 
	
	Kite String
	 
	 
	 

	Styrofoam
	 
	 
	 
	
	Fishing Line
	 
	 
	 

	Tin Can
	 
	 
	 
	
	Wire
	 
	 
	 



1 ‑ means that you can hear just great


2 ‑ means that you can hear okay


3 ‑ means that it is horrible
7.
Select the telephone set that you and your partner agree is just great. One of you reach out and pluck the string between you. DESCRIBE the sound that you hear.


_______________________________________________________________________________________________
8.
Now tighten the string between you and pluck the telephone again. Do you hear a difference in the sound?


_______________________________________________________________________________________________

Loosen the string as it is plucked. DESCRIBE the change you hear.


_______________________________________________________________________________________________

Do these sounds remind you of something you have heard before? What?


_______________________________________________________________________________________________
9.
How do you think your voice travels to your partner’s ear?


_______________________________________________________________________________________________
SOUND
4C1

HOW CAN SOUND BE TRANSMITTED FROM ONE PLACE TO ANOTHER?

10. 
PREDICT whether or not a whisper could be heard from one end of the room, through the “telephone”.


_______________________________________________________________________________________________

Would it be possible through the air? Try it.

11. 
Do you think speaking in the can did anything to the bottom of the can? EXPLAIN.


_______________________________________________________________________________________________
12. 
Why did the string have to be held tightly?


_______________________________________________________________________________________________
13. 
PREDICT what would happen if a solid bar or pipe were used instead of string between two cans.


_______________________________________________________________________________________________
[image: image47.png]



SOUND
4C1TN

HOW CAN SOUND BE TRANSMITTED FROM ONE PLACE TO ANOTHER?

IDEA:

PROCESS SKILLS:

Sounds can be transmitted from one place

Observe

to another by telephones.

Compare



Relate



Organize



Communicate

LEVEL: L/U

DURATION: 60 Min.
STUDENT BACKGROUND:

Students need to have eye‑hand coordination, organizational 
skills, and the ability to cooperate with a partner
.

ADVANCE PREPARATION:

Lay the materials out for the students so that they are 
accessible. You might want to put them on separate trays; i.e., 
one tray with cups, one tray with strings, and one tray with miscellaneous items.


Duplicate the charts for keeping track of the results.
MANAGEMENT TIPS:
Pair individuals in teams of two. Shouting is not necessary.


Everyone should talk in normal tones for best results.

RESPONSES TO

SOME QUESTIONS:
2.
Individual responses: talking, communicating, emergencies, etc.


7.
Should be pleasant.


8.
You hear better when the string is taut, rather than when 
the string has slack.


9.
Air in can vibrates and vibrations are transferred to the string.


10.
Not through air; only through the telephone.


11.
The vibrating air column makes the bottom of the can vibrate.


12.
If the string is loose, no sound vibrations can travel through it.


13.
Individual responses. Probably nothing will happen since the vibrations will not be sufficient to cause the bar or pipe to vibrate.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Sounds can be transmitted from one place to another by telephones. By changing the materials used for cups and 
strings, students can see how different materials transmit 
sounds. Vibration of string produces a different sound. Discuss the principle of a party line, etc. Also, different 
tautness of string affects transmission of sound.

POSSIBLE EXTENSIONS:
-
Try making a three‑way string telephone.


-

Try making a party line by looping two sets of telephones around each other.


-
Other electronic instruments, such as a microphone or speaker, transmit sound. In a microphone, the sound vibrations cause a diaphragm to vibrate and this motion can be used to vary an electrical current. In a speaker, the electromagnet current varies and causes the cone to vibrate like the earpiece in the telephone.


-

Ask students what they think travels through the wires in a telephone so that a voice can be heard at the other end. Students may not realize that it is electrical impulses traveling through the wires. The following “Focus On Physics” provides useful information.


-
Discuss ways people communicate.


-
Find a real telephone to take apart to see how it works. The Focus on Physics which follows will help identify the parts.


-
The elasticity‑to‑density ratios for the various connecting lines used in this activity do vary, accounting for the differences in intensities of sound observed.

SOUND

4C2F

FOCUS ON PHYSICS

HOW A TELEPHONE WORKS

(Discussion)

The mouth piece of a telephone is a transmitter that converts sound waves into pulses of electrical energy. Inside the mouth piece is a thin, flexible diaphragm. Under the diaphragm is a small container of carbon particles through which a circuit of low voltage electric current flows. As sound waves strike the diaphragm, it vibrates back and forth. When the diaphragm moves in, the carbon particles are pushed more closely together, making better contact with each other. This increased contact allows a stronger current to flow through the circuit. In this way, the exact frequency and amplitude of the sound is changed to variations in electric current which is then sent to the receiver of another telephone.

The telephone receiver (ear piece) consists of another diaphragm made of thin steel and an electromagnet. As the varying current passes through the electromagnet, the steel diaphragm is alternately attracted and released to spring back to its original position. This vibration is controlled by the changes in the electric current and sets up waves in the air that are very similar to the original sound waves that entered the transmitter of the telephone from which the call was made.

SOUND
4D1

HOW DOES A RECORD PRODUCE SOUND?

Materials:
old 78 rpm phonograph record


record player


sheet of writing paper


straight pin


piece of cellophane tape


scissors

1.
Roll the paper into a cone and use tape to hold the cone together. You may use scissors to even the opening of the cone.
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2.
Stick the straight pin through the lip of the cone. Turn on the record player. Hold the cone so that the pin is in the record grooves on the turntable and hold your ear to the opening of the cone.
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Can you hear a sound from the record? DESCRIBE the sound.


_______________________________________________________________________________________________
3.
Sounds are always produced by vibrating matter. What matter is vibrating to produce sound from the phonograph record?


_______________________________________________________________________________________________
4. 
Try this with the pin only (no Gone). What do you notice?


_______________________________________________________________________________________________

What is the purpose of the paper cone?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
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HOW DOES A RECORD PRODUCE SOUND?

IDEA:

PROCESS SKILLS:

Sound can be recorded on records,

Observe

magnetic tapes, and on laser disks.

Describe



Explain

LEVEL: LIU

DURATION: 30 Min.
STUDENT BACKGROUND:
Students are most likely familiar with records, cassette tapes, 
and compact disks (laser disks). This activity is designed to 
illustrate how a sound pickup device can transform the grooves on a record into sound.

ADVANCE PREPARATION:
Old 78 rpm records need to be located. 33 rpm and 45 rpm records do not work as well. A record player also needs to be available for this activity.

MANAGEMENT TIPS:
The paper cone produces a louder sound if held at the large open end, rather than at the pointed end close to the pin.

RESPONSES TO

SOME QUESTIONS:
2. 
The music and/or words on the record can be heard.


3. 
The pin is vibrating. The vibrating pin sets up force vibrations in the paper cone that amplify the sound.


4. 
The paper cone vibrates with the pin to increase the volume of the sound.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
The sound of the singer/musician is converted into the 
mechanical energy needed to produce grooves in the record. When playing the record, the grooves vibrate the needle and it reproduces the original sounds. A phonograph groove is not 
straight, but is full of wavy bumps and dips. As the wavy, bumpy groove passes against the needle, it causes the needle to vibrate. The needle vibrations, in turn, force the paper cone to vibrate. These forced vibrations set the air to vibrating more than would the pin alone. This effect   of forced vibrations on 
the cone is called amplification. The cone serves to amplify the 
sound. The grooves of a 45 rpm or a 33 rpm are too small and fragile, don’t produce much sound, and are easily damaged.


Other sound recordings use magnetic tapes that cause a certain electrical current to be produced when the tapes are played back. The current is then transformed back into sound in a speaker. Compact disks use laser technology to record sounds.

POSSIBLE EXTENSIONS:
Research different methods of recording sound and give a report.

SOUND
4E1

WHAT IS NOISE POLLUTION?
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1. 
Select sources of noise in the community, home, or school. RECORD the sounds of each source for 2 minutes each. Use the same volume level on the recorder each time.

2.
LISTEN to the tapes that have been recorded. IDENTIFY the noise sources on the tape.


_______________________________________________________________________________________________
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3.
Noise consists of irregular vibrations, whereas music consists of regular vibrations. Graphically, noise and the tone of a tuning fork are represented to the right. Which graph represents noise and which represents a musical tone?


_______________________________________________________________________________________________
4.
Even though noise is a normal part of our everyday life, excessively loud, unwanted noise can be a health hazard. This kind of noise is called noise pollution. Which sources of noise on the tape recorder would you consider noise pollution?


_______________________________________________________________________________________________

Why?


_______________________________________________________________________________________________
5.
DESCRIBE how noise that is loud and prolonged makes you feel.


_______________________________________________________________________________________________
6.
List ways that you can think of to control noise pollution.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
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WHAT IS NOISE POLLUTION?

IDEA:
PROCESS SKILLS:

Noise pollution consists of a large number
Observe

of loud, unwanted sounds in an environment.
Explain


Describe

LEVEL: LIU
DURATION: Two 45 Minute Sessions

STUDENT BACKGROUND:
Students need to know that noise is somewhat like beauty in that it is in the “eye of the beholder.” Noise is technically a sound that results from irregular vibrations as opposed to the regular vibration of music. Most “noise” is innocuous and even necessary (human speech, warning sounds like sirens, etc). It is when the sounds are unwanted and even dangerous to one’s health that they become noise pollution.

ADVANCE PREPARATION: 
Several tape recorders and tapes need to be available for 
teams to use to record noises. The tape recorders will need to 
be taken home unless the group can take a field trip to record 
noise. One group can be assigned to record noise at predetermined locations.

Some students may have their own tape recorders which they 
can use
.

MANAGEMENT TIPS:
Allow the groups to generate a list of places where they think 
noise pollution exists. Some commercial or industrial sources 
of noise may not want to be tape recorded, so be sure to get permission first.

Instruct students to only tape for two minutes at each location 
to make it easier for the entire group to listen to the playback.
Spend time letting students discuss their feelings when they 
are exposed to too much noise.

RESPONSES TO

SOME QUESTIONS:
2. Individual answers.


3.
The top line (smooth) is a musical tone and the bottom line (jagged) is noise.


4.
Possible answers may be traffic   at a busy intersection, screaming between brothers and sisters at home, or the blare of a powerful radio. Most people consider noise pollution as unwanted noise that makes them feel bad.


5. 
Answers might include getting a headache or feeling 
irritable, tired, mad, or sick.


6. 
Individual answers might include something about sound 
absorbers, governmental regulations that control the 
amount of noise a device can make, or separating people 
from the noise (locating noisy industries far from where people live).
SOUND
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WHAT IS NOISE POLLUTION?  2
POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

Emphasize that noise pollution is unwanted noise and/or 
physiologically harmful noise. A rock band concert may not be 
unwanted by everyone, but it may be physiologically harmful in that it affects  hearing adversely.

POSSIBLE EXTENSIONS:

At school, students can make posters or bulletin boards with 
pictures of noise pollution.

The decibel (dB) is a unit of intensity of sound.

Examples of the intensities of a few sounds are:


Source
Intensity level in dB


Airplane engines

140


Threshold of pain

120


Typical indoor rock concert

120


Traffic on a busy street

70


Normal conversation

65


Rustle of leaves

10


Threshold of hearing

0


Playing drums in your bedroom

125


Experiment with ear plugs. They are readily available at most pharmacies. How much do they reduce noise? How much do they obscure details of speech or music? 
SOUND
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LOOKING AT SOUND: CATCHING THE WAVE

Materials:
Apple ][e computer


FIRM Sound Module:


(including Sound disks, microphone, and Red Box


interface)


various sources of sound
Activity 1:  Capturing Sound


1.
Boot the Sound software. The Main Menu should appear on the screen.


2.
To capture an “ooo” sound: Select Show Sound, then select Show 
Waves‑Continuous. Select Start when you are ready to begin. Make a long, drawn out “ooo” (as in “moo”) sound into the microphone.



Try to keep the loudness of the sound constant. Press RETURN to freeze the display.
       NOTE: 
The graph on the screen is a way to represent many of the 
features of a sound pressure wave or sound wave in an easily seen manner. Of course, it is NOT the sound wave itself!

Generally, it is just too much trouble to try to show sound waves with all these particles, (SEE ACTIVITY 2A1) although this is what they really might look like, if you could see them.

Instead, most books represent a sound wave by using a symbol: a wavy line, which is a kind of graph. This graph Is actually showing where the molecules are more crowded together than normal (+), and less crowded together than normal (‑). The diagram on the next page is this kind of representation of a sound wave.
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As you can see, this looks nothing like a real sound wave, but It Is much easier to draw!

Sound waves are not wavy lines, or snake‑like things in the air. It is merely convenient to draw them this way, sometimes.

Now, let’s continue...


3.
Capture, other sounds. Repeat step 2 to make and capture sound waves of different sounds.

4.
To capture and display a second sound wave at the same time: Select Switch. Note that the large vertical bars are now next to the lower box. You are now ready to capture a sound wave in this box.


5.
Compare a musical sound and noise: Now that you have captured 
sound waves, let’s take a closer look at two sound waves on the screen and compare them. Try to get graphs on the screen with sound waves large enough to be seen clearly but not touching the top and bottom of the display box.
Get good, clear sound waves captured in the box so that you can study them carefully.

a. 
Capture the first sound wave. In the upper box, make a sound 
wave of a long, drawn out ‘‘moo’’, as in “moo” (again).


b.
 Capture a second sound wave. In the lower box, you will make a graph of the sound you get when you crumple a piece of paper.

Before capturing this sound, make the microphone more sensitive by changing the gain. Select Gain, then select Very Soft Sounds. Now capture the sound of paper crumpling.

SOUND
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LOOKING AT SOUND: CATCHING THE WAVE


6. 
Sketch your sound waves below,
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                  Source 
              Sketch of sound wave
Questions


1.
COMPARE the sound waves in the two boxes. In what ways are they similar?



___________________________________________________________________________________________

2. 
In what ways are the two waves different?



___________________________________________________________________________________________
Activity 2: Record other sounds. Set the Gain for Medium Sounds.
                  Source 
              Sketch of sound wave
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Questions:

1.
OBSERVE the sketches of the sound waves you have captured. Which of your recordings had patterns that repeated?
_______________________________________________________________________________________________
2.
EXAMINE the sketches of your repeating patterns. INDICATE the distance between repeats on your repeating pattern by drawing vertical lines on your sketches. (The lime, T, the wave takes to repeat is known as the period of the wave.)

3.
COMPARE the repeating and non‑repeating waves. How do they sound differently from each other?

SOUND
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LOOKING AT SOUND: CATCHING THE WAVE

IDEA:
PROCESS SKILLS:

The computer is able to display some
Listen

of the important characteristics of
Observe

sound waves as it receives them from
Describe

a microphone.
Compare

Some , ‑ sounds produce regular patterns.

Noise produces an irregular pattern.

LEVEL: L/U
DURATION: 35 Minutes

STUDENT BACKGROUND:
Students should be familiar with the idea that sound has wave‑like properties.

ADVANCE PREPARATION:
You should be comfortable and familiar with the HRM Sound Module as it is used here with the Apple Ile computer.

MANAGEMENT TIPS: 

If it is not possible to have several set‑ups for the 
class, then consider using one set‑up connected to 
several large video monitors. This will allow each 
student to hear the sounds and see the patterns as they 
are created. Involve as many individuals in the 
production of the sounds as possible. Be sure the students understand the meaning of the units on the 
graphs (“ms” means millisecond).

RESPONSES TO

SOME QUESTIONS:

ACTIVITY 1:


2.
The “oo” sound has a regular repeating pattern. The crumpling paper does not.


ACTIVITY 2:


2.
Sketches of repeating waves indicating T, the period.


3.
Repeating waves sound less harsh (more musical) than non‑repeating waves (noise).

POINTS TO EMPHASIZE IN

SUMMARY DISCUSSION:
The image displayed on the computer screen shows 
some of the important features of sound waves. The images themselves, are NOT actually the sound waves.


Noise is generally associated with non‑repeating sound waves, while musical sounds are typically repeating waves.
POSSIBLE EXTENSIONS:
Play some Middle Eastern or Far Eastern music, Do students think this sounds more like music or noise? Display sound graphs. Discuss cultural impact on


value judgments
.


Resource: Although dated, an EXCELLENT set of TWO 
Cassettes, “Science of Sound”, from The Smithsonian Institution, 416 Hungerford Drive, Suite 320, Rockville, MID 20850. Folkways Cassette Series: 06007 (by Bell 
Labs.) Topic ‑ NOISE. Cost: $19.96. Contact person: Dudley Connell: Telephone (301) 443‑2314. Inquire about a possible Operation Physics discount.
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