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Instructional Progression: 
In the 8th grade students explained hearing in terms of the relationship between sound waves and the ear (8-6.5). In Physical Science the students will expand their concept of wave frequency and how they hear frequency of sound as pitch by explaining the Doppler effect.

Taxonomy level of indicator:

2.7-B Understand Conceptual Knowledge
Key Concepts:

Doppler Effect

Frequency, Wavelength, Pitch

Content Overview:
It is essential for students to

 Understand that the Doppler effect is an apparent frequency shift due to the relative motion of an observer and a wave source.

 Understand the relative motion of a wave source and an observer.

A Doppler shift occurs when a wave source is moving toward an observer or away from the observer.
A Doppler shift also occurs when the observer is moving toward or away from the wave source.

There is no shift when the source and observer are not moving toward or away from each other.
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The example above shows a wave source and observers that are not moving relative to one another. If the wave source in the example is a sound wave, observer A and observer B would hear the same pitch (frequency) that the source is producing.
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The example above shows a wave source that is moving toward observer B. If the wave source in the example is a sound wave then observer B will hear a higher pitch (frequency) and observer A will hear a lower pitch (frequency) than the source is actually producing.

Situation – wave source moving toward or away from an observer:

 As a wave source approaches an observer, the observer perceives a higher frequency than the source is producing. Wavelengths are shorter and the frequency is higher in front of a moving source.

The source of the wave is catching up with the wave in front of it. When it produces the next pulse the resulting wavelength is shorter. A shorter wavelength means that there will be a higher frequency

If the wave is a sound wave, the observer will perceive a pitch that is higher than the pitch produced by the source.

When the wave source is moving away from the observer, he/she will 

perceive a lower frequency in the case of sound waves.

Teaching Lesson A:
Experiencing the Doppler Effect
Introduction to the lesson: 
When a vehicle sounding a siren approaches, passes and recedes from an observer there is a change in the pitch of the sound. Have you ever experienced this phenomenon? Has your speed ever been recorded on radar? The Doppler effect is used in some types of radar, to measure the velocity of detected objects. A radar beam is fired at a moving target — e.g. a motor car, as police use radar to detect speeding motorists — as it approaches or recedes from the radar source. The Doppler effect for electromagnetic waves such as light is of great use in astronomy and results in either a so-called redshift or blue shift. It has been used to measure the speed at which stars and galaxies are approaching or receding from us.
Lesson time:

.5 day
Materials Needed:

Activity 1
· Electronic noise making mechanism with pure tone (You can purchase a buzzer from Radio Shack or other electronics store.)

· 9 volt battery

· 9 volt battery clip

· Nerf ball

· Two tuning forks with different frequencies
Activity 2

· Nerf ball and buzzer assembly from the previous activity

· Two to three meters of a small diameter rope

· Duct tape

Essential Question:
How does the motion of the sound source or the receive affect the frequency and pitch of the sound?
Procedure:
Activity 1

Make a slit in a Nerf ball and place the buzzer inside.  

Toss the ball around the class, making sure that it passes by some of the students.  Ask them to listen to changes in the sound from the buzzer.  

Ask them to discuss their observations.
Activity 2

1. Tie a rope tightly to the Nerf ball with the buzzer and battery assembly and tape it securely.  

2. Have the students stand around the walls of the classroom.  The teacher should stand in the middle of the classroom and spin the ball on the rope around the classroom.  The students will hear the pitch change as the buzzer passes by them.  

3. Have them raise their hands above their heads when the pitch gets higher and lower their hands when the pitch gets lower.  

4. Repeat this procedure but this time have a student spin the buzzer.  

5. Tie a rope tightly to the Nerf ball with the buzzer and battery assembly and tape it securely.  

6. Have the students stand around the walls of the classroom.  The teacher should stand in the middle of the classroom and spin the ball on the rope around the classroom.  The students will hear the pitch change as the buzzer passes by them.  

7. Have them raise their hands above their heads when the pitch gets higher and lower their hands when the pitch gets lower.  

8. Repeat this procedure but this time have a student spin the buzzer.  

9. Ask that student if the pitch changed.  Others might want to try this as well.

Assessing the Lesson:
Formative Assessment 

Have the students discuss the conditions under which the pitch changes and when it does not. Have them discuss possible reasons why this occurs.  If possible show a computer simulation for the situation pictured below.  If not use the pictures.  Discuss why the waves are piled up in front of the source and stretched out behind the source.  (It is because the source of the sound is catching up with the wave in front of it.)  Ask what you would hear if you were in front of the moving source or behind the source.  Now ask what they would hear if they were moving toward or away from the stationary source on the left.  (If they were moving toward the source they would encounter more waves per second and would hear a higher pitch.  It doesn’t matter whether the source of the sound or the observer is moving as long as they are moving relative to each other.)

[image: image3.wmf]
Summative Assessment
EOC type Questions

Use the diagram below to answer the questions:

1. Person at point B will hear

A. The sound becoming softer.

B. The sound becoming lower in pitch

C. The sound becoming lower in frequency

D. The sound becoming higher in frequency

2. Person at point A will hear 

A. The sound becoming louder

B. The sound becoming lower in frequency

C. The sound becoming higher in frequency

D. The sound becoming higher in pitch.
3. The wavelengths at point B are

A. Increasing in length
B. Decreasing in length
C. Remaining the same length
D. Approaching zero length
4. The amplitude of the waves at point A are

A. Increasing

B. Decreasing

C. Remaining the same

D. Approaching zero

5. The phenomenon illustrated above is known as
A. Refractive index
B. Doppler effect

C. Snell’s Law
D. Reflective index

Answers
1. D
2. B
3. B

4. B

5. B

Misconception: Students sometimes say that the Doppler effect is observed when a source of sound and an observer move toward each other the sound gets louder and as they move away from each other the sound gets softer. While the observer will hear a louder and softer sound in these situations, this is not the Doppler effect.

SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area:  Science
	Science Inquiry Skills-These standards should be addressed during the first few weeks of school and revisited throughout each unit.                                                   Physical Science

	Recommended  Days of Instruction: .5 
	(one day equals 90 min)

	Standard(s) addressed:  PS–7 The student will demonstrate an understanding of the nature and properties of mechanical and electromagnetic waves.

	

	Waves and Energy

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	Explain the Doppler effect conceptually in terms of the frequency of the waves and the pitch of the sound.
	SC Science Standards Support Guide https://www.ed.sc.gov/apps/cso/standards/supdocs_hs.cfm?

Adopted Physical Science Textbook (see appendix for correlations)

Resources

W. Bauer, 1999

http://www.lon-capa.org/~mmp/applist/doppler/d.htm

This site has a good interactive java applet on the Doppler Effect.

Suggested Streamline Video Resources

Elements of Physics: Waves: Sound and Electromagnetism. United Learning (2006)

Wave Interference (06:40)
	Module 7-7

Lesson A

Experiencing the Doppler Effect

	Assessment 1
EOC type questions

Assessment Guidelines:

The objective of this indicator is to explain how the law of conservation of energy applies to energy transformations, therefore, the primary focus of assessment should be to construct a cause and effect model showing that energy is conserved as it continually transforms from one type to another. Assessments should require that students understand transformation of different types of energy and the relationship of this transformation to the conservation of energy. In 


	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	This segment includes a brief discussion several characteristics of waves including interference and the Doppler Effect.

	
	addition to explain, assessments may require that students

Exemplify energy transformations;

Compare the forms of energy;

Infer the transformations of different types of energy within given situations;

Summarize major points about energy transformations;

Recall the forms of energy.


Standard: The student will demonstrate an understanding of the nature and properties of mechanical and electromagnetic waves.








Indicator: Explain the Doppler effect conceptually in terms of the frequency of the waves and the pitch of the sound.





Other indicators addressed: PS-7.3, 7.4
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Waves from a source that is moving to the right.








