Physical Science

Science

Module 

PS-7.2
Lesson A - C

Instructional Progression: 
In the 8th grade students distinguished between mechanical and

electromagnetic waves (8-6.2), and explained how scientists use seismic waves—primary, secondary, and surface waves—to determine the internal structure of Earth (8-3.2). In Physical Science students will consider particle movement within the medium to compare transverse and longitudinal waves.

Taxonomy level of indicator:
2.6-B Understand Conceptual Knowledge
Key Concepts:

Mechanical waves: Transverse waves, Longitudinal/Compressional waves

Wave properties: Crest, Trough; Compression, Rarefaction

Content Overview:
It is essential for students to

· Understand that there are two types of waves, electromagnetic and mechanical.

Electromagnetic waves may travel through a medium but do not need a medium for transmission. Electromagnetic waves transfer energy through a medium or space. (Electromagnetic waves will be addressed in PS-7.5)

Mechanical waves must have a medium through which to move.

Mechanical waves transfer energy through the particles of a medium.

The particles of the medium move back and forth, but the wave (energy) itself is transmitted progressively from one place to another.

· Understand the nature of transverse and longitudinal mechanical waves.

In a transverse wave, as the wave (energy) moves through the medium, the direction of the

back and forth motion of the particles is perpendicular to the direction that the wave is moving.

Examples of transverse mechanical waves might include: Some “slinky” spring waves,

secondary earthquake waves, and waves in the string of stringed instruments such as a guitar.

In a longitudinal wave (also called compressional), as the wave (energy) moves through the medium, the direction of the back and forth motion of the particles is parallel to the direction that the wave is moving.

Examples of longitudinal mechanical waves might include: Some “slinky” spring waves, sound waves, primary earthquake waves, shock waves from a sonic boom or explosion, and ultrasonic waves.

· Understand the wave properties of transverse waves - crests and troughs, and of longitudinal waves - compressions and rarefactions.

In a transverse wave the point of maximum displacement of the particles in a medium from the equilibrium position is called a crest or trough.

In a longitudinal wave the particles of the medium are pushed closer together to form a high pressure area called a compression and spread out to form a lower pressure area with fewer particles called a rarefaction.
· Understand that some waves cannot be classified as transverse or longitudinal waves

The motion of the particles in some waves can be described as circular. Surface water waves fall into this category.

In torsion waves the motion of the particles is a twisting motion.

Teaching Lesson A:
Let’s Make Waves!

Straw Wave Machine

Introduction to the Lesson:
In this activity the students will build a wave machine out of straws and measure the speed of the wave to observe characteristics of waves , find the velocity of a wave, and explore the factors that affect the velocity of waves.
Lesson Time:
.5 day
Materials: 

· 24 straws per group

· One roll of scotch tape per group

· 48 paper clips per group

· Ruler

· Stopwatch
Essential Question:

How can a homemade wave machine be used to teach characteristics of waves?

Procedure:

 Building a wave apparatus
· Pull out about 50 cm of the tape. Leave the roll of tape attached. 

· Place the straws about 1cm. apart and perpendicular to the tape with the tape in the middle.

· Put a paper clip on the end of each straw.   

· Attach the end of the tape opposite the roll to the edge of a table or desk so it can swing freely. 

Paper Clip           Tape      Straw         Paper Clip
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This device produces a torsion wave but when viewed from the side it looks like a transverse wave. Many of the characteristics of waves can be observed including crests, troughs, amplitude, frequency, wavelength, reflection, and velocity.  (Many of these can also be measured)   Let the students explore the device and identify the characteristics.

Activity 1.

Procedure:

1. Put students in small groups.  Have each group build the apparatus the same way and observe waves.

2. Let them practice with the device and discuss the different characteristics of the waves.   

3. Talk with the class and agree on a method to measure velocity.

4. Have them produce a wave by pulling the bottom straw an agreed distance. 

5. Measure the time and distance and calculate the velocity using v =  d/t.  You may need to let it reflect several times to time it accurately.
Assessing the Lesson:
Formative Assessment
Compare the results of each group and discuss reasons for any discrepancies. is is a good chance to talk about variables and controls.

Activity 2

Have each group set up an experiment in which they change something to see how the velocity of the wave is affected.  Compare the new velocity to the velocity in the prior investigation. Remind them about how to conduct controlled investigation. (The accompanying sheet on controlled variables may help.)

Assessing the Lesson:

Formative Assessment
Have students write up their investigation in their notebooks using appropriate charts and graphs

Bring the class together and discuss the results. The principle that they should observe is that the velocity is a function of the medium.  If you change the medium you change the velocity of the wave. If the medium is not changed the velocity of the wave remains the same.

Teaching Lesson B: 

Slinky Demonstration

Interference of waves
Introduction to the Lesson:

A Slinky is used to demonstrate constructive and destructive interference.
Lesson Time:

.5 day

Materials Needed:

Slinky, rope
Essential Question:

Can a Slinky or a rope me used to demonstrate constructive and destructive interference?
Procedure:
                   Constructive and Destructive Interference

Use the Slinky® to demonstrate constructive and destructive wave interference.  Have two students hold the rope at opposite ends.  Have student #1 start a pulse going down the rope in one direction and have student #2 starts a pulse going in the other direction.  
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CONSTRUCTIVE INTERFERENCE
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DESTRUCTIVE INTERFERENCE
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BOTH CONSTRUCTIVE AND DESTRUCTIVE INTERFERENCE

[image: image5.wmf]
Assessing the Lesson:

Formative Assessment
Show the students these examples and have them practice finding the resulting wave when given two waves that interfere with each other.  The teacher can give them drawings of waves on a worksheet to practice with.

Teaching Lesson C: 

Making Waves

Introduction to the Lesson:
· To construct a device through which waves travel so that the motion may be followed in detail.  

· To observe the motion of the particles in a medium compared to the direction of the waves in longitudinal and transverse waves.

· Produce and observe the wave characteristics of particle displacement, frequency, amplitude, and wavelength for transverse and longitudinal waves.
Lesson Time:
.5 day
Materials Needed:

· 16 rubber bands per group

· 15 paper clips per group (Size 31)

· 30 marbles per group

· Tape
Essential Question:

Can a simple device be constructed to study how waves travel  so that their motion may be studied in detail, observing the particles in the medium as well? 
Procedure:

· Place the students in small groups (Groups of four work well.)

· Building a wave device
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Rubber Band  Paper Clip        Marbles

Connect the rubber bands and paper clips as shown.

Tape the marbles securely to the paper clips. 

· Point out that with this model that the marbles will represent the particles in the medium and the rubber bands will represent the forces between the particles

· Have the students the use the device to produce a transverse wave.  (This works well when the device is stretched out on the floor but works other ways as well.)

Ask the students to vary one of these characteristics at a time then have one group demonstrate what they did and explain it to the rest of the class.

1. Change the amplitude.  Have them explain how they made the amplitude larger.

2. Change wavelength.  Have the students explain how they made the wavelength change.

3. Change the frequency.  Have the students explain the effect on the wave length.

· Have the students draw an example of a transverse wave in their notebooks and compare the motion of the particles in the medium compared to the motion of the wave.    Have them label each part of the wave.  Have them make notes to explain their drawing and compare their work with their neighbor. 

· Have the students produce a longitudinal wave.  

Ask the students to vary one of these characteristics at a time then have one group demonstrate what they did and explain it to the rest of the class.

1. Change the amplitude.  Have them explain how they made the amplitude larger.

2. Change wavelength.  Have the students explain how they made the wavelength change.

3. Change the frequency.  Have the students explain the effect on the wave length.

· Have the students draw an example of a longitudinal wave in their notebooks and compare the motion of the particles in the medium compared to the motion of the wave.  Have them label each part of the wave.  Have them make notes to explain their drawing and compare their work with their neighbor. 

Assessing the Lesson:
Formative Assessment
Bring the class together and discuss their results.  Make sure they understand that in a transverse wave the particles move back and forth perpendicular to the direction of the wave movement and in a longitudinal the particles move back and forth parallel to the direction of the wave motion.  

Have the students draw a transverse wave and label crest, trough, wavelength, amplitude.

Have the students draw a longitudinal wave and label a compression, rarefaction, wavelength, and amplitude.  (The amplitude is the maximum displacement of the particles in the medium just as in a transverse wave and is measured from the equilibrium position of a particle to its maximum displacement.)

Hang one of the devices vertically from the ceiling, stretch it out, and hold the bottom.  Twist the bottom marbles and release.  This will produce a torsion wave pulse.  (The students are not responsible for torsion waves on the end of course test but this will serve as a non-example.  Many waves are not longitudinal or transverse.)  Have the students describe this wave in their notebooks.

Another non-example of longitudinal waves is a water wave. A water wave is a combination of transverse and longitudinal wave.  The particles in a water wave move in a circular motion.

It would be good to show computer simulations of waves at this point to reinforce the particle movement and the movement of the wave.

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:1.5
	(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.

	

	Work and Energy

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	PS–7.2

Compare the nature and properties of transverse and longitudinal/

compressional mechanical 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)

University of Aberdeen Department of Physics

http://www.abdn.ac.uk/physics/px2009/

This site contains applets of transverse and longitudinal waves and some good ones on refraction

as well as other applets for wave characteristics.

Suggested Streamline Video Resources

Elements of Physics: Waves: Sound and Electromagnetism. United Learning (2006)
	Module 7-2 

Lesson A

Let’s Make Waves! 

Lesson B 

Slinky Demonstration
Lesson C 

Making Waves

	The objective of this indicator is to compare the nature and properties of transverse and longitudinal waves, therefore, the primary focus of assessment should be to give similarities and differences between these waves with regard to the movement of the particles in the medium, the direction that the wave moves, and the properties of the waves.   In addition to compare, students should be able to Exemplify or Illustrate transverse and longitudinal waves - give examples or draw or label illustrations which depict the motion of particles and the motion of the wave; 




	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	Segment and Time

Sound Waves (02:55)

Description

This segment introduces sound waves.


	
	Classify waves by determining which of the two types of waves (transverse or longitudinal) is being described based on the motion of particles and the motion of the wave;

Summarize transverse and longitudinal mechanical waves by giving major points about the characteristics of these waves.


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





Indicator: Compare the nature and properties of transverse and longitudinal/compressional waves.


	


Other Indicators Addressed: 1.1, 1.5, 1.2, 6.1, 109, 7.2








