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Title: The Sounds and Science 
Overview:Sound, and the perception of it, is natural to us.  It is one of our five basic senses.  We need not understand sound in order to benefit from it through communication, music, and silence.  However, we have discovered much about sound and developed technologies by amplifying it, focusing it, and bending it.  This lesson begins to look into some of the properties of sound.

Grade Level:

· 9-12

Subject Matter:

· Physics

· Biology

Duration:
· 3-4, 50-minute lessons

National Standards Addressed:

· Science as Inquiry

· Abilities necessary to do scientific inquiry

· Understanding about scientific inquiry

· Physical Science

· Structure and properties of matter

· Motions and forces

· Science and Technology

· Understanding about science and technology

Objectives:
By the end of the lesson, the students should be able to:

· Identify and define the parts of a wave.

· Discuss the properties of sound

· Identify and describe different parts of the ear

· Construct a working model of a musical instrument

Materials:

· Internet

· Projector

· Various materials – see activities below

Procedure:

1. Hook

a. Start the lesson off with this activity to get your students into listening.

b. Play the game with several students in the class.  

i. Make it a challenge

ii. Offer prizes for the best scores/attempts

iii. The entire class can play if you organize several larger groups.

iv. Below are several suggestions of games to play.  Search this site for all games:  http://www.exploratorium.edu/listen/online_activities.php
v. Links:

1. Listen Memory Game http://www.exploratorium.edu/listen/activities/memory_game/deploy/activity_memorygame.php
2. Audio Pong http://www.exploratorium.edu/listen/activities/dean/audio_pong/activity_pong.php
3. Sound  Puzzle http://www.exploratorium.edu/listen/activities/sound_puzzles/activity_soundpuzzles.php 
2. What is music?

a. What is sound?

i. Students will explore the different aspects of sound by interacting with several activities.

ii. Describe the activity to your students.

1. Form into small groups (whatever suits your class size)

2. Each group will visit a sound station and perform the activity.

3. Each group will answer questions and make a sketch of each experiment.

4. We will discuss the results when everyone has completed all the sound stations.

3. The biology of sound

a. First the students will review the anatomy of the human ear by viewing sites with information on this topic.

i. Have the students log on to the Perception of Sound http://www.epd.gov.hk/epd/noise_education/web/ENG_EPD_HTML/m1/intro_2.html  or this site: Natural Hearing – How We Hear http://www.youtube.com/watch?v=stiPMLtjYAw 

ii. Post a list of words and instruct them to do the following on their own paper:

1. Draw the entire ear (outer, middle, inner)

2. Label all the words on their sketches.

3. Describe the functions behind the vocab words.

iii. The list of words:  Pinna (auricle), auditory canal, tympanum (ear drum), ossicles (ear bones), malleus (hammer), incus (anvil), stapes (stirrups), cochlea, semi-circular canal, auditory nerve.

4. Sound Perception

a. Hand out the sheet entitled “Sound Perception.”

b. Describe that this will be an assignment that the students will do at home.

c. Go over the answers, pay special attention to the physics behind sound: frequency/pitch, Doppler Effect

d. Play the video, “Flinestone Hearing Loss”  for your students to simulate hearing loss:  http://www.youtube.com/watch?v=TD5E88fFnxE&feature=related 

5. Make your own music

a. The objective is for your students to construct their own musical instruments and describe them.

b. Start the lesson off by showing the class this video of Bart Hopkin.  This will provide a good visual of the task. (http://www.exploratorium.edu/listen/lg_bart_video.php) 

c. Next, play these Pulse of the Planet Programs: 

i. #4873: “Sounds – Anything Goes”

1. Discuss: When Bart Hopkin mentions that he could theoretically produce music from the material, what kind of science or engineering background must Bart have?

ii. #4855 “Musical Instrument – Steel Vibration”

1. Discuss:  What does Bart Hopkin have to say about mastering an instrument?  Do you agree?

iii. “Bart Hopkin – Savarts Wheel II – Sound”

1. Discuss:  You saw Savart’s Wheel in the video.  What did you think of that?  Pleasant/annoying?  What would you categorize that instrument?

iv.   #4878:  “Bart Hopkin – Rattle Tyne”

1. What does Bart Hopkin say about music and culture?

2. What does he say about music/musical instruments taking you places?

d. Class Orchestra

i. The final portion of this lesson will require the students to construct their own instruments.

ii. The students will research some previously made instruments and come up with their own versions.

iii. Possible procedure:

1. Set up several groups in your class (2-3 students per group)

2. Tell your students that an orchestra needs a balance of sound.  Each group needs to play a different type of instrument:  percussion, strings, winds etc.

3. Assign a homework assignment in which your students need to view several videos or read information on websites about homemade instrument construction.  See the handout below for their instructions.

4. When class meets again, have the students describe what instrument they will make. 

a. Meet with each group

b. Discuss:  feasibility, instrument type (you can’t have all percussion), creativity, complexity (the more complex the more points), expert help if needed etc.

5. Give a time (1 week or so) when the instruments must be built.

6. Create a rubric for grading.

a. Creativity

b. Neatness

c. Does it work

d. Cooperation within the group

e. Complexity (the more complex the more points – stress this)

f. Etc.

Handouts:

Sound Stations
Objective:  Students will explore the physics of sound by completing several tasks at ‘sound stations.’

Items that you need:

· Paper

· Pen/Pencil

Directions:

1. Get into small groups (about three people each)

2. Obtain a large whiteboard and whiteboard marker.

3. Visit each station and complete the tasks that are requested of you.

4. Hold on to your work, we will discuss the results when everyone is finished.

The following are to be printed off and placed at each station.
Station 1 – Vibrations 1

Procedure:  Pick up the tuning fork and hold it so the fork side is away from you.  Strike the fork against the table and insert the “fork” side into the water.  Record your observations on your whiteboard.  Answer the following questions
Questions:

1. What evidence do you have that vibrations are coming from the tuning fork?

2. What is the fork vibrating against in order to make the sound?

3. Draw a sketch of the experiment.

Teacher setup:

Materials: tuning fork, glass of water

Procedure:  the students will “strike” the tuning fork and gently insert it into the glass of water (forkside down).  They will witness that sound is a series of vibrations. 

Station 2 – Pitch 

Procedure:  Fill up the glasses to the heights indicated by the line.  When done use the wooden spoon and gently knock each glass.  Take note of the different pitches of sound.

Questions:

1. What did you expect the different glasses would sound like?

2. What do you think the reason is for the different pitch?  Is it the amount of water or the empty space above the water?  Explain your choice.

3. Draw a sketch of the experiment.

Teacher Setup:  

Materials:  glasses or beakers, water, wooden spoon (or equivalent).
Procedure:  the students will experience that the pitch gets higher with more water.  This is explained by the amount of exposed glass above the water.  The less glass to vibrate, the higher the pitch.
Station 3 – Measure the Speed of Sound

Materials:  stopwatch, 50 meter measuring tape (or a way to measure 50 meters), a friend, a large flat wall that will produce a good echo.
Procedure:

1. Stand 50 m away from the wall and clap your hands, listen for the echo.  Be sure to note that the echo is coming from the wall directly in front of you.

2. Next, clap repeatedly.  Practice timing your next clap with the echo that is produced from the first clap.  Each clap should be in time with the echo. Again, your clap should mask the echo.

3. Once you get the hang of it measure the time it takes to clap 10 times. Start the stopwatch at the first clap and end it when you hear the echo of the 10th clap.

4. You essentially just measured how long it takes sound to travel 1000 m or 1 km.

5. Divide the distance by the time to find speed of sound.

6. Repeat step 3 two more times and take the average of your speeds.

Questions:

1. Make a data table.  It should include:  distance, the times from the three trials, and average speed.

2. Calculate and record your average speed.

3. Draw a sketch of the experiment.

Teacher Setup:  To make this go faster preselect and area, probably outside, and measure out the distance (50 m) ahead of time.  The accepted value of the speed of sound is 340. m/s.
Station 4 – Vibrations 2

Procedure:  Play telephone with two cups tied together with a string.  Give the “telephone” a try by going to a quiet place and stretching the string fairly tight between you and a partner.  One of you should talk into the cup while the other listens.  

Questions: 

1. What did you expect from the “sound quality” from this telephone?

2. Describe how it sounded.

3. What made it necessary for you to hear your partner’s voice? (hint – what was between you)

4. Space is almost a complete vacuum (no matter at all).  Do you think you could hear someone talking to you that is standing right next to you?  Explain.

5. Draw a sketch of the experiment.

Teacher Setup:   following the setup “How To Make A Play Telephone” http://www.wikihow.com/Make-a-Play-Telephone  
Station 5:  Resonance with Wine Glasses

Materials:  Thin-walled wine glass, small cup of water 

Procedure:
1. Add the water to the wine glass
2. Wet the index or middle finger of your hand with some water.
3. While holding the base of the glass (not the stem), lightly rub your wet finger along the rim of the glass.
4. As you rub the glass, you will hear the "singing" sound of the glass. You may have to re-wet your finger periodically and/or adjust the pressure of your finger on the rim of the glass to keep producing the sound.
5. You can change the pitch of the sound by adding water to the glass.
Questions:  

1. The phenomenon going on here that the glass is vibrating with its resonant frequency.  Define resonant frequency.

2. What happens to the pitch when more water is added to the glass?

3. View the video “Tacoma Narrows Bridge Collapse "  http://www.youtube.com/watch?v=j-zczJXSxnw 

4. What is causing this bridge to vibrate at its resonant frequency (Hint: the suspension cables)?

5. Just because it’s cool and has been tested, check out this video “Wine glass resonance in slow motion”
 http://www.youtube.com/watch?v=BE827gwnnk4 

6. Draw a sketch of the experiment.
Station 6:  Pitch

Procedure:

Pick up the apparatus and hold the cup up to your ear.  Pluck the rubber band at different lengths.  Observe the change in pitch.

Questions:

1. Define pitch (music/sound).

2. What do you notice about the pitch when the length of the rubber is shorter?  Longer?

3. Think of a guitar with its six strings.  The lower the pitch, the thicker the strings.  The voice box (larynx) works the same way.  Using the thickness of vocal chords and size of the voice box, what would you expect a person with a low voice, voice box anatomy to be like?

4. Draw a sketch of the experiment.

Teacher Setup: instructions for construction of the apparatus can be found at Ohio State University Pitch http://wow.osu.edu/experiments/sound/pitchswitch.html 

Station 7:  Waves

Materials:  Rope, slinky (or spring)
Procedure:

1. Tie the rope to a secure fixed object.  Wave the rope back and forth.  You are producing a transverse wave.

2. Shake your hand faster.  Observe what happens.

3. Next, between you and a partner, stretch the slinky out between you.

4. As you both hold each end, reach out and grab some of the Slinky and pull it straight back toward you.  The spring will bunch up.

5. Let go and observe what happens.  This is a longitudinal wave.

Questions:

1. You produced a transverse wave in this experiment.  What is another example of a wave that oscillates back and forth?

2. What happens to the frequency of the waves as you move the rope faster?

3. Did you add more energy to the rope when you shook it faster?  Do the waves have more energy?

4. As waves travel through the air they push matter out of the way.  If a lot of matter (air) is pushed from sound waves, will the sound be loud or soft?  Explain.

5. Draw a sketch of the experiment.

Perceiving Sound
Answer the following questions to understand how we perceive sound.  We will go over the answers tomorrow.

On the Internet, search images of “parts of a wave.”  Sketch your results below.  On your sketch, label the following:  crest, trough, wavelength, amplitude, (and define frequency).

Use your sketch as a reference to how we perceive sound.

Use the following sites to discover the relationship between wave properties and our perception of them.

· How We Preceive Sound http://library.thinkquest.org/C005705/English/sound/sound2.htm
· Pitch vs Frequency http://emusician.com/tutorials/emusic_pitch_vs_frequency/
· Causes and Types of Hearing Loss
http://www.youtube.com/watch?v=lioNIbtFxSY 

1. Name three ear structures that are responsible for our perception of sound.

2. What is intensity?

3. Pitch and frequency are the same thing, define them:

4. Between pitch and frequency, which one is relative?  What does this mean?

5. Between pitch and frequency, which one is absolute?  What does this mean?

6. If the frequency of a sound (wave) increases how do we perceive the pitch?

7. What is the Doppler Effect? 

a. If a train is approaching you blasting its horn, how does the pitch of the horn sound?

b. If a train has just passed you and is still blasting its horn, how does the pitch of the horn sound now?

8. What tiny structures in the ear are responsible for sound perception?

9. Why does our sense of hearing diminish?

Research Homemade Musical Instruments

Step 1: View/read the following videos/websites.

· Homemade Musical Instruments

http://www.youtube.com/watch?v=SK52EVv9xew
· How to Make a Straw Kazoo

http://www.youtube.com/watch?v=AS8VRH6iyf8&feature=related
· A HomemadeThumb Piano

http://www.youtube.com/watch?v=ycJUEYRV8sM
· How to Make Musical Instruments for Kids : How to Make a Bass
 http://www.youtube.com/watch?v=XNocydOEwjw
· A Few Songs On My PVC Instrument http://www.youtube.com/watch?v=gyvJChWgIro&feature=related
· Making a Driftwood Xylophone
http://windworld.com/features/tools-resources/making-a-driftwood-xylophone/
· Science of Sound

http://www.smm.org/sound/nocss/activity/handson.htm
· Homemade Instruments: Advanced Musical Instruments

http://homeschooling.gomilpitas.com/explore/homemademusicAdvanced.htm
· Inventing Homemade Instruments with Math and Measurement

http://www.philtulga.com/HomemadeMusic.html 

Step 2:  Come up with an idea.

· Your group should come up with an instrument that you want to build.

Step 3:  Get it approved

· Meet with your teacher to discuss your idea.  You should be ready to discuss:  timeline, materials needed, expert help (if needed), and feasibility.

Step 4: Begin Construction

Step 5:  Completion and Performance

· Your instrument must be done and ready to play on ________.

· You may bring your instrument in before school if it is large.

· I will give you about 10 minutes if you need to set up your instruments.

· As you construct pay special attention to the grading rubric for maximum points.

· Additional Resources

Web sites

Lego Engineering Curriculum Modules - Tufts University / Center for Engineering Education and Outreach 

(The Science of Sound: Design your own musical instrument– scroll down K-8) 

http://legoengineering.com/curriculum-submenuteachingresources-142.html
Thinkquest.org / The Soundry

(Explore the inner workings of the human ear, learn about the physics of sound, ultrasound and sonar through a series of learning modules 5-12)

http://library.thinkquest.org/19537/
The Physics of Sound – Aperion University 

(Tutorial on how a sound wave is formed, how it travels, the speed and frequency of sound, among other subjects 9-12) 

http://www.aperionaudio.com/AperionU/physics_sound.aspx
The Phenomenon of Sound: Waves – Discovery Education 

(Science lab exploring the behavior of sound waves 5-12) 

http://school.discoveryeducation.com/lessonplans/programs/soundwaves/
Sounds Amazing – The University of Salford 

(Extensive music education website covering a wide range of sound and physics topics – includes interactive learning tools 5-12)

http://www.acoustics.salford.ac.uk/schools/index1.htm
What’s in a Wave? - Japan Science Foundation / TryScience / New York Hall of Science

(Online interactive site teaching the properties of sound waves – include interactive games, activities and experiments K-8)

http://www.tryscience.org/experiments/experiments_japan_online.html
Introduction to Sound – NDT Education Resource Center / University of Iowa

(Comprehensive online tutorial with lessons on the human ear, the speed of sound and the Doppler effect, among many others K-12) 

http://www.ndt-ed.org/EducationResources/HighSchool/Sound/introsound.htm
The Science of Sound and Musical Instruments – Yale / New Haven teacher’s Institute

(Instructional webpage and four lesson plans showing how to make sound waves visible, changing pitch, creating vibration and resonance – scroll down for lesson plans 9-12) 

http://www.yale.edu/ynhti/curriculum/units/2000/5/00.05.05.x.html#g
Music Education Lesson Plans – Hotchalk

(Click on grade group for lesson plans on a variety of subjects in music K-12)

http://www.lessonplanspage.com/Music.htm
Overview of Sound Waves – School for Champions

(Extensive online learning site on sound covering topics such as string instruments, The Doppler Effect, echoes and noise reduction – includes quizzes and diagrams 5-12)

http://www.school-for-champions.com/science/sound.htm
Sounds Like Fun – Information Institute of Syracuse

(Lesson plan for young children showing how sound travels – enter “music” in search window on left for more topics K-4) 

http://askeric.org/cgi-bin/printlessons.cgi/Virtual/Lessons/Science/Physics/PHS0200.html
Music Theory – Thinquest.org

(A series of lessons covering basic music theory covering topics of harmony, rhythm and pitch - scroll down 5-12)

http://library.thinkquest.org/27110/noframes/theory/theoryhome.html
Listening games – Exploratorium 

(Play audio pong, build a soundscape or play a listening memory game K-12) 

http://www.exploratorium.edu/listen/online_try.php
The Music Lab – San Francisco Orchestra 

(Learning games teaching harmony, rhythm, pitch and tempo K-12) 

http://www.sfskids.org/templates/musiclab.asp?pageid=4
Fun and Games – Cincinnati Public Radio 

(Compose your own music, play “Name That Note” and “Be a Rockin’ Rhythm Master” K-4)

http://www.classicsforkids.com/games/
Articles

Other

Interactive Sound Lab – Thinkquest.org / The Soundry

(Activities to create sound waves, sound effects and combine different sounds – click on “Sound Lab” in left column 5-12)

http://library.thinkquest.org/19537/
KS2 Sound – The Science Museum UK 

(Create ear gongs and other musical instruments K-4)

http://www.sciencemuseum.org.uk/educators/classroom_and_homework_resources/ks2/sound.aspx
Tools and Resources - Experimental Musical Instruments 

(Activities feature a bar-length calculator and instructions on how to make a driftwood xylophone – site features some marketing information 5-12)

http://windworld.com/features/tools-resources/
Science of Sound: Hands-on activities – Science Museum of Minnesota

(Make sounds with metal and wood, or search the sound database 5-12)

http://www.smm.org/sound/nocss/activity/handson.htm
Online Exhibit (sound) – Exploratorium 

(Drumming and digital mixing games - includes drumming and experimental sounds interactive features K-12) 

http://www.exploratorium.edu/music/exhibits/index.html
Online Activities: Practice new ways of listening – Exploratorium

(Learn to locate sound, listen while blindfolded and learn how to make a “membranophone” K-12) 

http://www.exploratorium.edu/listen/online_activities.php
A Collection of Sounds from the Sea – NOAA

(Listen to sounds from under the ocean including whale calls, ships and volcanic tremors 5-12)

http://oceanexplorer.noaa.gov/explorations/sound01/background/seasounds/seasounds.html
Sound activities – NASA 

(Make a kazoo, see sound vibrations and find out how sound travels – includes teachers’ activities guide K-12) 

http://scifiles.larc.nasa.gov/text/kids/D_Lab/acts_sound.html
Exploring with Sound – Jason Foundation for Education / TryScience / New York Hall of Science 

(Simple experiment for young children on how to use sound to locate objects K-4) 

http://www.tryscience.org/experiments/experiments_sound_athome.html
Discovery of Sound in the Sea – University of Rhode Island
(Activities, tutorials and sample sounds from the marine world 9-12) 

http://www.dosits.org/resources/
Sound: Listen up – PBS Kids

(Make your own musical instruments – click on “sound” K-4) 

http://pbskids.org/zoom/activities/sci/
Hearing Audition – University of Washington 

(Various activities related to sound and hearing – includes sound identification exercises K-12) 

http://faculty.washington.edu/chudler/chhearing.html
Special thanks to the following scientists for their help with this project:

Pulse of the Planet Programs: 4873: “Sounds – Anything Goes”

Pulse of the Planet Programs: #4855 “Musical Instrument – Steel Vibration”

Pulse of the Planet Programs: # Bart Hopkin – Savarts Wheel II – Sound

Pulse of the Planet Programs: #4878:  “Bart Hopkin – Rattle Tyne”

Bart Hopkin

Experimental Musical Instruments

*Information current at the time of interview
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