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Title: Sound:  Musical Instruments and Pitch 
Overview:  Sound is created by vibrations and detected by our ears.  We identify sounds based on our experiences.  We create sound by our everyday actions.  In this lesson, students will examine how sounds are created, how they travel through different media, and what effects different pitch.  Students will design and create an instrument.
Grade Level: 5-8
Subject Matter:

Physics, Biology
Duration: 5 classes, 40 minutes each
National Standards Addressed:

Physical Science

Transfer of Energy

Science and Technology

Abilities of technological design

History and Nature of Science

Science as a human endeavor

Objectives:

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

· understand that sound is a form of energy that travels in waves referred to as compressional waves

· describe and demonstrate with vibrating objects how sound travels through substances by wave motion
· compare and contrast music and noise using concepts of rhythm, pitch and volume related to wave motion
· design a musical instrument 
Materials:

· Computers with Internet access
· Plastic cups and spoons (1 of each per student or pair)

· Bottles

· Water

· Rubber bands
· Meter stick 

· Rulers
· Slinky

· Set Assortment of materials for instrument construction (see below)

Procedure:

Day 1

1. Listen to the Soundscape Constructor- beach and/or train from the Exploratorium’s website

http://www.exploratorium.edu/listen/activities/soundscapes/deploy/activity_soundscapes.php
Have the students identify the soundscape and then identify specific sounds of the beach and of the train stop.   Make sure that the students do not see the soundscape.

Discuss how the students were able to identify the specific sounds.

2. Listen to POP # 4873 “Sounds: Anything Goes”

http://www.pulseplanet.com/dailyprogram/dailies.php?POP=4873
What did Bart Hopkin use from the construction site to create an instrument?

Brainstorm and discuss the types of sounds that can be created from the following everyday objects: cans, cups, tubes- paper, plastic, metal, rubber bands, tape, combs, balloons, bottles, straws.  Have the students write their ideas down.

3. What sounds can you make?  Give each student a plastic spoon and a plastic cup. Can you make three sounds with only two materials? (Hint: Use as many different parts of the two materials as possible, and try to use the objects in many different ways.)  Each student should choose two materials to manipulate.

4. Each student should collect data and record in their science notebooks.  

a. Which objects made the sound?

b. What action caused the sound?  (banging, scraping, plucking, tapping, sliding)

c. Describe the sound.
Day 2-3

1. Students will experiment with bottles, straws and rubber bands to create different pitches. 

2. Each group of 3-4 students should have at least 4 bottles and access to water.  Have the students fill the bottles to various heights with water and blow across the tops of the bottles.  The group should then order them from lowest to highest pitch.  Each group can present their findings to the class.  Make sure each group is provided with bottles of various sizes and shapes.

3. Have the students choose a bottle and demonstrate how the bottle can produce a high pitch.  Do the same for a low pitch.  Discuss their findings.

4. Discuss:

a. What caused the sound- vibrations of the bottle, water or air in the bottle?

b. Which bottle produced the highest pitch?  Lowest pitch?  

c. How does the shape of the bottle affect the pitch?  

d. How does the water level affect the pitch?

5.  Show the students a diagram of a sound wave.  Explain the properties of a wave:  frequency, wavelength, and amplitude.  The students should draw and label the sound wave.  The frequency of a wave is heard as pitch.  The volume of a sound is heard as the amplitude of the sound wave.  Wavelength is inversely proportional to frequency - as wavelength gets bigger, the lower the frequency.  An interactive with definitions can be found here: http://www.acoustics.salford.ac.uk/schools/teacher/lesson1/lesson1interactive.html
6. Have the students “play” with a slinky to demonstrate the way compressional waves travel.  They should also demonstrate wavelength, amplitude and frequency.  This activity may be used as a quick assessment of the sound wave vocabulary.

7. Hand out a straw to each student.  The students should flatten out one end of the straw and cut out an upside down “V”, like the ends of a blue ribbon.  Each student should blow the straw and comment on the pitch of the sound.  The straw is much like the reed of a musical instrument.  Make predictions about what will happen to the pitch of the sound as the straw length is shortened.  Each student should cut a portion of the straw from the end in which they blow.  Keep doing so and comment on the pitch.  Students should notice that the shorter the column, the higher the pitch.

8. How does pitch change for stringed instruments?  Each student pair receives a ruler, rubber band and pencil.  Have the students wrap a rubber band around the length of a ruler as if they are measuring the length of the rubber band.  The student should pluck the rubber band and describe the sound.  Make predictions about the pitch as the rubber band length decreases.  To do this, place a pencil between the ruler and the rubber band along the length of the ruler.  Students should move the pencil to different positions along the ruler and pluck the rubber band.  What happened?  Which lengths produced a higher pitch?  Lower pitch?
Day 4 
1. Listen to POP # 4856 “Musical Instruments: Corrugahorn”

http://www.pulseplanet.com/dailyprogram/dailies.php?POP=4856
Show the students an image of a corrugahorn (http://windworld.com/features/gallery/branching-corrugahorn/)

Discuss how the corrugahorn works.

2. Students will design a musical instrument from everyday objects that can be played in different pitches.  Discuss what feature of the instrument may be manipulated to change pitch:  length, mass, liquid volume.

3. Students draw their design for a musical instrument.  Each student should include a plan for the instrument and a materials list.  They may compare and discuss their designs with other students.
4. Students may explore Inventing Homemade Instruments with Math and Measurement for inspiration.

http://www.philtulga.com/HomemadeMusic.html
Students may bring in items from home to use in addition to the items provided by the teacher.

Suggested items:  cans, cups, tubes- paper, plastic, metal, rubber bands, tape, combs, balloons, hangers, yarn, string, floss, bottles, dowel rods, rulers, boxes, straws, etc.

Day 5

1. Students construct their musical instrument and present them to the class.

2. Students may be challenged to play a song or to collaborate and perform with other students.
Day 6- Optional
1. Students perform a song using palm pipes.  Discuss how different lengths of PVC pipe produce different notes.  Students may choose to perform in front of a larger audience such as a kindergarten class where they may play a song and explain the science behind the palm pipes.

2. Instructions for making the palm pipes as well as the notes for three songs are found at The Northwest Georgia Science Education Partnership http://webtech.kennesaw.edu/tbrown/curiosity/palmpipes.htm
Additional Resources

Web sites

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
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
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
Video

New York Times- “Stanford’s iPhone Orchestra”

http://video.nytimes.com/video/2009/12/04/technology/1247465985991/stanford-s-iphone-orchestra.html
Interactive Games

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/
Palm Pipes- Steve Spangler Science

http://www.stevespanglerscience.com/product/1185
Articles

Science News for Kids 

“Extra Strings for New Sounds”

http://www.sciencenewsforkids.org/articles/20060607/Note3.asp
“Earth’s Lowly Rumble”

http://www.sciencenewsforkids.org/articles/20051130/Feature1.asp
“Echoes of a Stretched Egg”

http://www.sciencenewsforkids.org/articles/20031119/Note2.asp
New York Times

“From Pocket to Stage, Music in the Key of iPhone”
http://www.nytimes.com/2009/12/05/technology/05orchestra.html?_r=1
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Bart Hopkin, experimental musician
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