Physical Science

Science

Module
PS-7.4
Energy and Waves

Lessons A - D
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Instructional Progression: In the 8th grade students “summarize factors that influence the basic properties of waves (including frequency, amplitude, wavelength, and speed)” (8-6.1).

In Physical Science the students expand on this idea and summarize the relationships among these characteristics. Students will understand the relationship of the movement of the particles in the medium and the wave characteristics. In Physical Science the concept of displacement is introduced both with respect to the wave energy and with respect to the movement of the particles in the medium.

Taxonomy level of indicator:
2.4-B Understand Conceptual Knowledge

Key Concepts:
Displacement of particles

Frequency: Hertz

Period

Amplitude

Wavelength

Velocity - meaning speed

Content Overview:
It is essential for students to

Understand characteristics of waves can be explained in terms of how the particles in the medium behave.

 Amplitude

The amplitude is the greatest displacement of the particles in a wave from their equilibrium (rest) position.

In a transverse wave amplitude is measured from the equilibrium or rest position of the medium to a crest or trough.

Displacement

 Displacement with respect to waves will refer to the displacement of the particles in the medium.

 This quantity has magnitude and direction.

 It is the distance of a vibrating particle from the midpoint of its vibration. (Displacement is used in discussing amplitude and interference of mechanical waves.)

 Frequency

 The frequency of the wave is the number of complete cycles (or vibrations) the particles go through per second or the number of waves that pass a point per second.

The unit for frequency is Hertz, which is one vibration per second or one cycle per second or one wave per second.

 The frequency and the wavelength are inversely related. When the frequency gets higher the wavelength gets shorter.

Period

The period of a wave is the time for one cycle (or vibration) or the time for one complete wave to pass a point.

The period is usually measured in seconds.

 The period and the frequency are inversely related. An increase in frequency would result in a decrease in period.

 Wavelength

 Wavelength of a wave is distance between a point in a wave and the next similar (in phase) point.

In a transverse wave the wavelength can be measured from a crest to the next crest or from a trough to the next trough.

 In a longitudinal wave the wavelength can be measured from point in the compression to a similar point in the next compression or from a rarefaction to a similar point in the next rarefaction.

Teacher Note: Since most longitudinal waves (such as sound waves) are not visible, the wavelength this often measured by indirect means.

Velocity/Speed

The velocity/speed of the wave is a function of the medium and the type of wave and will not change unless the characteristics of the medium or type of wave changes.

 Changes in frequency or wavelength do not affect the velocity/speed (of mechanical waves). When one of these increases the other decreases and the product of the two is a constant, which is the velocity/speed.

 When the medium changes, the speed of waves changes. Examples may include: Sound travels faster in steel than in air. Sound travels faster in warm air than cooler air. Light travels faster in air than in glass. Transverse waves travel slower in a heavy rope than in a light rope.

Teacher note: For purposes of this course wave velocity/speed will be treated as a scalar quantity.

No direction needs to be indicated.
Teaching Lesson A:
See Teaching Lesson A in Module 7.2
Teaching Lesson B:

Speed of Sound with Echoes 

Introduction to the lesson: 
The student is introduced to the concept of the reflection of sound waves. This reflection is known as an echo and can be used to measure the speed of sound.
Lesson time:

1 day
Materials Needed:

· Find a reflecting wall outside the school. (The outside wall of a gym often works.)

· Drum (a bass drum works well)

· Stopwatch 

· Metric measuring tape or measuring wheel

Essential Question:
How can the speed of sound be measured with echoes?
Procedure:
1. Stand in front of the reflecting wall and hit the drum.  

2. Back up until an echo can be heard.  

3. Now have the drummer hit a slow steady beat while backing up.  At first you will hear the drum beat, the echo, and then the next drum beat.  

4. At a certain point, as the drummer backs up, the echo will come back at the same time as the next drum beat.  You will not hear the echo.  The drummer should stop when this happens.  

5. At this point the time between the beats is equal to the time it takes the sound to echo off the wall.  

6. Have the drummer stand at that spot and hit the same steady beat where the echo arrives at the same time as the next beat.  After he practices this have him do it while being timed for 20 seconds as another student counts the beats.  Record the number of beats in 20 seconds.  

7. To find the time it takes the sound to go from the drum to the wall and back divide 20 seconds by the total number of beats.  

8. Measure the distance to the wall.  Have the students record the data in their notebooks.  

9. In their notebooks let them explain what the sound waves did in their notebooks and calculate the speed of sound.  

Assessing the Lesson:
Formative Assessment 

Lesson B.
You can check your answer using velocity of sound equals 332 m/s plus .6 times the Celsius temperature or they can use their results to find the temperature.  

See notebooks.                                          
Teaching Lesson C:
Making Standing Waves

See Teaching Lesson C Module 7-3
Teaching Lesson D:
Sound Reflection and Interference

Introduction to the lesson: 

Air columns will resonate with certain frequencies.  The sound wave enters one end of the pipe and reflects off the water in our device.  This reflected wave interferes with the waves entering the air column to produce areas of constructive interference and destructive interference. When the constructive interference is at the top of the pipe the sound will be louder.  This is the resonant length of the air column.

Lesson time:

1 day

Materials Needed:

1. 1 ½ inch PVC pipe cut to a length a few inches longer than the ¼ wavelengths for the frequency of the tuning forks you use 

2. 5 gal bucket 

3. Tuning forks or a sound generator that produces a known frequency
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Essential Question:
How can the speed of sound be determined in a resonating column?
Procedure:

1. Fill the bucket nearly full of water.

2. Hit the tuning fork on the heel of your shoe or with a rubber mallet.  Hold it just above the top of the pipe or if you use a sound generator place the speaker near the top of the pipe 

3. Lower the bottom of the pipe into the bucket filled with water.  

4. The sound will become louder at the resonant length of the pipe.

5. Mark the pipe at the top of the water level and measure the length of the pipe above the water. This is the length of the resonant air column.  

6. The wavelength of the sound that resonates with this length of air column is about four times the length of the air column. (In a closed pipe the length of the resonant air column can be calculated using the formula: length of the pipe 
7. You can get a more exact value for the wavelength using this formula:

      λ = 4(L +.4d)

  
Use the formula v = fλ to calculate the speed of sound.

8. You can check your answer using velocity of sound equals 332 m/s plus .6 times the Celsius temperature or they can use their results to find the temperature.  (Sound travels faster in warmer air.)

9. How can you hear constructive interference in sound?

(Optional)

What happens to the speed of sound if we change the density of the air?

Predict what will happen this time.  Will the wavelength be longer, shorter, or the same as when the tube was filled with air?  Will this cause the speed of sound to be greater, smaller, or the same as in air?  Try to get the students to relate their predictions back to the model of how sound travels. 

Materials:

1. Same as the previous activity plus:

2. A source of CO2 - Alka-Seltzer® tablets and water will work or baking soda and vinegar will work as well.

Procedure:

1. Set up the water resonance apparatus as in the last exercise.

2. Fill the PVC pipe with CO2 by placing it in a short beaker then add Alka-Seltzer and water to the pipe and let it fill with CO2 (It can also be done by adding baking soda and vinegar to the pipe.)

3. Remove the pipe from the beaker and quickly cover the bottom with your hand. 

4. Put the bottom of the pipe in the water and remove your hand. 

5. The CO2 is denser than air so it will stay in the pipe.  

6. Place the sound source at the top of the pipe lower the pipe slowly until the sound is loud as before. (Be careful not lower the pipe too far and force out the CO2.)

7. Repeat the measurements that were done in the previous activity.
Assessing the Lesson:

Formative Assessment 

Bring the class together and discuss the results.  They should observe that the wavelength is shorter in the CO2. Ask them why they think this happens.  The speed of sound will be slower in CO2.  A common misconception is that sound travels faster when the medium is denser but the opposite is true.  Waves normally travel slower when the density is greater.  Sound travels faster in media which is more elastic such as steel. A major point is that a change in the medium will change the speed of a wave. 

	Gas
	Speed (meters/second) 

	Air
	331 

	Carbon Dioxide 
	259 

	Oxygen
	316 

	Helium
	965 

	Hydrogen
	1290 


               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: 2  
	(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.

	

	Energy and Waves

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	PS–7.4
Use the formulas 
v = λ f[image: image2] and
v = d/t to solve problems related to the velocity of waves
	SC Science Standards Support Guide https://www.ed.sc.gov/apps/cso/standards/supdocs_hs.cfm?

Adopted Physical Science Textbook (see appendix for correlations)
	Module 7-4

Lesson A

Straw Wave Machine 

Lesson B  
Speed of Sound with Echoes

Lesson C  
Making Standing Waves

Lesson D

Sound reflection and interference
	The objective of this indicator is to use the formulas v = f λ  and 
v = d/t to solve problems, therefore, the primary focus of assessment should be to apply the correct procedure to mathematically determine one of the variables in the formulas 
v = f λ  and v = d/t.    

In addition to use, assessments may require that students

Use dimensional analysis to determine correct units;

Recognize symbols and units for wave velocity formulas.


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








Indicator: Use the formulas 
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v = d/t to solve problems related to the velocity of waves





Other indicators addressed: PS-1.1, 1.2, 1.3, 1.5, 1.9, 5.2, 7.2, 7.6




















