Physical Science

Science

Module
PS-7.6
Energy and Waves

Lessons A-H
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Instructional Progression: 
In the 8th grade students summarized the behaviors of waves (including refraction, reflection, transmission, and absorption) (8-6.4); explained hearing in terms of the relationship between sound waves and the ear. (8-6.5); explained sight in terms of the relationship between the eye and the light waves emitted or reflected by an object (8-6.6); and explain how the absorption and reflection of light waves by various materials result in the human perception of color (8-6.7). In Physical Science the students will expand the ideas of reflection and refraction of light and reflection of sound. The students will be introduced to the ideas of constructive and destructive interference of sound and light waves. The students will also be introduced to the concept of diffraction of light waves.

Taxonomy level of indicator:

2.4 B Understand Conceptual Knowledge

Key Concepts:

Wave behaviors: Reflection, Refraction, Diffraction

Constructive interference, Destructive interference

Concave lens, Convex lens

Law of reflection, Plane mirrors
It is essential for students to

 Understand that waves can interfere with each other when they pass through a medium simultaneously. The result of the combination of the waves when they pass through the medium simultaneously can show constructive and/or destructive interference.

 Interference may be constructive:

A crest will interfere with another crest constructively to produce a larger crest and a trough will interfere with another trough to produce a larger trough.

Compressions interfere constructively with each other as do rarefactions.

 Interference may be destructive:

 A crest will interfere with a trough to lessen or cancel the displacement of each.

Compressions interfere with rarefactions to lessen or cancel the displacement of each

The individual waves are not affected by the interference and will continue on as if nothing has happened.

Sound waves

It is essential for students to

Understand that sound is a longitudinal mechanical wave, requires a medium, and can be produced by vibrating objects.

 Understand that sound, like other waves, reflects (bounces off a surface it cannot go through).

Sound produces echoes when it bounces off hard surfaces.

Understand that sound waves interfere with each other changing what you hear.

Destructive interference makes sounds quieter; constructive interference makes sounds louder. This is because amplitude of a wave is what is affected by interference and a sound wave’s amplitude is heard as loudness.

Sound waves reflect in tubes or some musical instruments to produce standing waves which reinforce sound through constructive interference to make the sound louder.

Teaching Lesson A:
Interference of Waves

Observe Interference Patterns
Ripple Tank

Introduction to the lesson: 
Wave patterns can be observed in water waves. A ripple tank is a device for observing interference patterns.

Lesson time:

.5 day
Materials Needed:

· Overhead projector

· Clear glass or plastic pan about two inches deep

· Meter stick

· Small block of wood or wax block about one inch wide and three inches long 

· 2 long hat pins 

· Rubber bands

· Two wooden or metal barriers about 1in. by 2 in. and at a length that both barriers laid end to end across the tank will still leave about one to two inches to spare. 

Essential Question:
How can interference patterns be observed in a ripple tank?
Procedure:
Activity 1

· Place the ripple tank on the overhead. Add water.

· Insert one barrier in the tank. 

· Use a straight edge to produce a straight wave directed toward the barrier.

· Direct the waves as shown:
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Insert two barriers with a small gap in the middle and show the diffraction pattern that results.
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· Have the students draw the results and label this as diffraction and have them come up with their own definition. 

· Discuss the definitions in class.

Activity 2

Attach the wax block perpendicular to the meter stick near the end with rubber bands.

Stick the pins in the wax about two inches apart.

Place the meter stick on a book so that the head of the pins are just above the water.  

Tap the meter stick at the end so that it causes ripples and shows an interference pattern.
A similar interference pattern is produced when they diffract through two openings in a barrier with straight waves. 

This effect can be simulated using the sheets attached. Make overhead transparencies from the sheets provided.  Place one of the on top of the other on an overhead projector and rotate the top transparency.  Observe the patterns on the screen and point out the nodal lines (no waves) and antinodal lines.  The antinodes are areas of constructive interference and the nodes are areas of destructive interference.  

Assessing the Lesson:
Formative Assessment 
Activity 1

· Have the students draw the results and label this as diffraction and have them come up with their own definition. 

· Discuss the definitions in class.
Activity 2

Have the students draw an interference pattern in their notebooks.  Discuss the areas of constructive and destructive interference with the class.

(There are websites listed in the support document that have simulations which will show the same effects.)
Teaching Lesson B:  
Making Standing Waves

(see Module 7-3 Lesson C)

Teaching Lesson C:

Refraction Introduction

Introduction to the lesson: 

Refraction is the change in direction of a wave due to a change in its speed. This is most commonly observed when a wave passes from one medium to another. Refraction can be seen when looking into a bowl of water. If a person looks at a straight object, such as a pencil or straw, which is placed at a slant, partially in the water, the object appears to bend at the water's surface. This is due to the bending of light rays as they move from the water to the air. Refraction is an important consideration for spear fishing from the surface because it will make the target fish appear to be in a different place. Refraction is also responsible for rainbows and it may also produce peculiar optical phenomena, such as mirages.
Lesson time:

.5 day
Materials Needed:

Station 1

· 1 bowl

· 1 coin

· Empty paper towel roll

· Pitcher of water
· Paper towels

· Instruction sheet (laminated if possible)

Instructions

· Place a coin in the bottom of an empty bowl.  

· Partner #1:  look through the empty paper towel roll aimed just above the coin. 

· Partner #2: slowly pour water into the bowl

· Repeat with partner #1 pouring and partner #2 observing
Station 2

· Transparent drinking glass with straight sides (or a glass beaker), half full of water

· Pencil

· Paper towels

· Instruction sheet (laminated if possible)

Instructions

· Put a pencil in a glass of water so that it sticks out of the water. 

· Observe the pencil from different angles. 

· Note the shape of the observed pencil and the observed depth of the pencil at the various angles of observation.

Essential Question:
How can wave refraction be observed and the refracted path be determined as the wave passes from one medium to another?
Procedure:

1) For a class of 32 students, set up 8 stations for each of the 2 activities.  

a) (Total of 16 stations)

2) Assign students to pairs.
3) Begin with half of the pairs at station one and half of the pairs at station 2
4) At each station, students should
a) perform the activity as stated in the instructions at the station
b) discuss what happened with partner
c) describe what they did at the station and draw and label what they saw (in their notebook)
d) clean up and return all materials and equipment to the original condition in preparation for the next pair of students
5) After 15 minutes, rotate students to the other stations.

6) When students have completed both stations, pull the students back together as a class.
7) Ask students what they observed, let various students share, some may want to draw what they saw on an overhead or white board.
8) Ask students to speculate explanations for what they observed.
9) Lead the class through the concept development.
10) Have students record in their notebooks any further thoughts concerning what they think happened to the light in each activity based on the concept development discussion.
Assessing the Lesson:
Formative Assessment 

To describe how we perceive the location of objects that we “see”

· The only thing we can really “see” is light which enters our eyes. 

· Put a jar down on the table in front of someone with her eyes closed. 

· Ask the person to open her eyes. 

· Ask the person to reach for the jar.

· Ask how the person knew where to reach.

· We “see” an object when light comes from it, either because the object emits light or because the object reflects light.
· Light travels in straight lines when it is inside a transparent medium of uniform density.
· Your brain “knows” that light travels in a straight line
· When you “see” an image, your brain deduces from the size, and orientation of the image the direction and the distance that the light rays have traveled when they reached your eye after bouncing off of the object.
· We know where to reach for an object when the only clue that we have is light reaching our eyes after bouncing off of the object 
· The speed of light changes as it passes from one material to another, or through varying temperatures and densities of the same material.
Teaching Lesson D:
What can cause the path of light to bend?

Flashlight and beaker/ Jell-O lenses

Introduction to the lesson: 
If light passes through the boundary of a medium at an angle, it will bend.  The bending of a wave as it passes from one medium into another is called refraction. By observing the path of light through common materials such as glass and jello students can understand what happens when light changes medium at various angles.
Lesson time:

.5 day

Materials Needed:

per station

· A laser pointer OR

· A flash light prepared as follows:

· Cut a piece of opaque cardboard in a circle that will completely cover the lens

· Cut a slit in the cardboard circle from the center to one edge, about 1mm wide.

· Tape the circle to the flashlight

· A beaker or other clear container about ¼ full of water with just a tiny amount of milk in it.  

· About 30 pieces of dark colored paper, with a darker straight line drawn on them (if laminated, 2 per station)

· Clear Jell-O (made according to the “jiggler “recipe, so that it is very stiff) in sheets about 1 ½ inches thick

· A plastic knife to cut the Jell-O

· Paper towels

· Instruction sheet (See procedure.)
Instructions:

1) Lay the flashlight on the laminated paper so the narrow beam is aligned with the line drawn on the paper.

2) Place the beaker of water on the line in front of the flashlight.

3) Adjust the beaker so that the light beam within it stays on the line.

4) Adjust the beaker so that the light beam within it bends to the left of the line.

5) Adjust the beaker so that the light beam within it bends to the right of the line.

6) Make some general statements concerning the orientation of the beaker and the light beam.

7) Draw a line on another piece of paper

8) Cut Jell-O into lens shapes.  (You can substitute different shaped containers with water or different shaped pieces of thick plastic.) 

9) Use the flash light, the Jell-O lens, and the new piece of paper, (so you can throw it away when it is sticky with Jell-O).  Experiment with ways to make the light bend when entering or exiting the lens.

10) Answer the following question in your notebook:  Under what conditions can you make a light beam bend within an object?

11) Make a drawing that shows the path that you think the light follows into and through the object.  This type of drawing is called a ray diagram.
Essential Question:
What can cause the path of light to bend?

Procedure:

· For a class of 32 students, set up 16 stations.  

· Assign students to pairs 
· Students will
· perform the activity as stated in the instructions at the station.
· discuss what happened with partner.
· describe what they did at the station and draw and label what they saw (in their notebook).
· clean up and return all materials and equipment to the original condition in preparation for the next pair of students.
· When students have finished, pull the students back together as a class.
· Ask students what they observed.  Let various students share their observations, some may want to draw what they saw on an overhead or white board.
· Ask students to speculate explanations for what they observed.
· Lead the class through the concept development.

Concept Development

Purpose

To demonstrate why the path of light will bend when it enters a new medium at an angle

Materials needed:
· Toy grocery cart or lawn mower or similar toy that rolls

· A small throw rug

· Overhead transparency showing wave fronts refracting

· Handouts showing wave fronts refracting

Push the toy cart or lawn mower across the floor in a straight line

· To understand why light bends, imagine you're pushing a shopping cart across a parking lot. The parking lot is one "medium" for the shopping cart. If you're exerting a constant force, the cart's speed depends on the medium it's traveling through -- in this case, the parking lot's paved surface. 

Push the toy straight on to the rug and slow down

· What happens when you push the shopping cart out of the parking lo, onto a grassy area? The grass is a different "medium" for the shopping cart. If you push the cart straight onto the grass, the cart will simply slow down. The grass medium offers more resistance, so with the same amount of pushing force the cart must move slower.

Take the toy off the rug and place it on the floor again, but this time at an oblique angle to the rug.  Roll the toy toward the rug so that one of the front wheels goes on the rug before the other one does.  Let the wheel that hits the rug first slow first so that the direction that the toy was moving changes.

· But when you push the cart onto the grass at an angle, something else happens. If the right wheel hits the grass first, the right wheel will slow down while the left wheel is still on the pavement. Because the left wheel is briefly moving more quickly than the right wheel, the shopping cart will turn to the right as it moves onto the grass.
Continue to move the toy so that it exits the rug at an angle.  This time the leading wheels will speed up first, causing the path of the toy to bend in the opposite direction.

·  If you move at an angle from a grassy area to a paved area, one wheel will speed up before the other and the cart will turn. 

· The way that the path of a beam of light bends when it enters a piece of glass at an angle is similar to the way the path of the toy bent. One side of the light wave slows down before the other, so the beam turns at the boundary between the air and the glass.  The light turns again when it exits the glass, because one side of it speeds up before the other. 

For another example put transparency 1 on the overhead and distribute the handouts to the students. 

· Pretend that the waves are columns of soldiers marching on dry land and approaching a swamp at the following angle

            


 Dry land  
           Swamp

              
              (Fast speed medium)   (Slow speed medium)


Columns of 

Soldiers
Direction of movement

Direction the columns (waves) are moving in the swamp (slower medium)

Instruct students to hold their pencils perpendicular to the first arrow at the far left of the diagram.  Model on the overhead as you instruct the students:

· Your pencil represents a row of soldiers marching.  Hold  your pencil parallel to the lines and slowly move it  from left to right
· When the soldiers at the bottom of the picture enter the swamp they slow down and the soldiers on dry land get ahead of them.  This continues as more soldiers enter the swamp.  This causes the columns (waves) to change direction.  This is why refraction occurs.  The more the waves change speed the more they bend. 

· If light passes through the boundary of a medium at an angle, it will bend.  The bending of a wave as it passes from one medium into another is called refraction. 

Transparency/handout 1













Transparency/handout 2
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Transparency/handout 3

Recipe for Jell-O Jigglers
2 large boxes gelatin, any flavor
2 1/2 cups boiling water

Mix well and pour into a 13 x 9-inch pan. Chill in refrigerator for at least 3 hours before cutting into any desired shapes with cookie cutters or knives. Or you can pour into plastic molds. Dip bottoms of molds or bottom of pan into warm water for a few seconds before removing.

Assessing the Lesson
Formative Assessment 

Have students record in their notebooks any further thoughts concerning what they think happened to the light in each activity based on the concept development discussion.

Teaching Lesson E:

See Lesson A

Interference of Waves

Observe Interference Patterns
Ripple Tank

Teaching Lesson F:

Light diffraction and interference.

(Light can bend around edges)

Introduction to the lesson:
Diffraction is normally taken to refer to various phenomena which occur when a wave encounters an obstacle. It is described as the apparent bending of waves around small obstacles and the spreading out of waves past small openings. The effects of diffraction can be regularly seen in everyday life. The most colorful examples of diffraction are those involving light; for example, the closely spaced tracks on a CD or DVD act as a diffraction grating to form the familiar rainbow pattern we see when looking at a disk. This principle can be extended to engineer a grating with a structure such that it will produce any diffraction pattern desired; the hologram on a credit card is an example. 

Lesson time:

.5 day
Materials Needed:

1. 2 clean pencils per group

2. Tape (any tape will do)

3. A candle or Mini-Maglite or flashlight bulb, battery and holder

4. A  small square of open-weave cloth for each group (small weave curtain sheer works well)  

Essential Question:
How can light bend around edges?

Procedure:

Activity 1:

Hold your index finger and second finger close together.  Close one eye and look at the light through the small space between your fingers.  Notice the dark lines parallel to your fingers.  Ask the students to write what they observe in their notebook and suggest why they think this is occurring.   

Activity 2:

Wrap three or four layers of tape around the top of one of the pencils just below the eraser.

Place the light at least one arm-length away form you.

Hold the two pencils vertically, side by side with the erasers at the top. Hold the pencils close to your eye and look at the light source between the pencils.  Squeeze the pencils together to make the slit smaller. Notice that there is a line of light perpendicular to the slit.  Rotate the pencils until they are horizontal and notice that the line of light becomes vertical.

If you look closely you may see that the line is composed of tiny blobs of light.  As you squeeze the slit together the blobs grow larger and spread apart moving away from the central light source and become easier to see.  Notice the blobs blue and red edges and that the blue edges are closer to the light source. 

Ask the students to write what they observe in their notebook and suggest why they think this is occurring. 

Activity 3:   

Have the students look at the light through the cloth and draw what they see. (They should see a starburst with some colors.)  
Activity 4:

Another interesting demonstration is to have students look at a light bulb with one eye closed.  They will see a starburst.  Have them turn the light and they will notice that the starburst does not move.  Then have them move their heads and they will see that the starburst does move.  Have them offer their possible explanations for this.  (This caused imperfections in your cornea.  The light diffracts around the imperfections and produces an interference pattern.)

Assessing the Lesson:

Formative Assessment 

	Activity
	Observations

	# 1(Fingers)

	

	#2 (Pencils)

	

	#3 (Cloth)

	

	#4 (Light Bulb)


	


Ask the students to write what they observe in their notebook and suggest why they think this is occurring.  You can discuss light diffraction and that when light diffracts through a small slit or around a thin object it may form an interference pattern.  Sometimes it makes dark areas or bright areas and sometimes it allows colors that are in the light to be seen.

Teaching Lesson G:

Introduction to sound waves

Introduction to the lesson:

Sound waves have characteristics that are comparable in some ways to light waves. Yet sound waves are different in that they require a medium. Sound waves travel in three dimensions and are compressional waves.
Lesson time:

0.5 day

Materials Needed:

Large mailing tube

Balloon

Rubber band

Paper cone

Candle and matches

Bell jar OR Florence flask, rubber stopper, small bell, string, thumbtack, hot plate

Tuning fork
Beaker of water

Slinky
Essential Question:
What causes sound?

Procedure:

Demonstration 1:

Obtain a large mailing tube.  Stretch a balloon across one end and secure it with a rubber band.  Make a paper cone and attach it to the other end.  Light a candle and place it on a table.  Clap your hands loudly next to the balloon.  Make other sounds next to the balloon and notice the effect on the flame.  Now thump the balloon and the flame should go out.  Ask the students to speculate on what happened in each case.  
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Demonstration 2:

Procedure:

If you have a bell jar and vacuum device show the students that the bell is not as loud when the air is pumped out.

or

Build the device as follows:

Use a Florence flask with a rubber stopper and a small bell.  Tie a string to bell and attach it to the stopper with a thumbtack.  Put the stopper in the flask and ring the bell so the students can hear. Now remove the stopper and add 20 mL of water.  Heat the water to boiling.  Insert the stopper and cool the flask.  Now let the students listen to the bell. 
Demonstration 3:

Strike a tuning fork and ask the class what is causing the sound.  Then take the tuning fork and stick it in a beaker of water while it is vibrating.  It will splash water.  Ask the class why this happens.  It is because the tuning fork is vibrating. The frequency of the tuning fork will probably be written on it.  Ask them what the number means.  It means that this how many times per second that the tuning fork vibrates.  Ask them why this would cause a sound wave.  Produce longitudinal pulses in the Slinky by vibrating the end of the Slinky.  Ask them if they think this is what a sound wave is like. Now ask them what is wrong with our model.  Have them to stand around the tuning fork and listen.  Hold the fork above their heads and ask if they can hear it.  Now ask them if this is what a sound wave is like.  They should be guided to realize that sound is a three dimensional longitudinal wave. 

Assessing the Lesson:

Formative Assessment 

Lesson F.

	Demo 
	Observations



	Demo 1


	

	Demo 2


	

	Demo 3


	


Teaching Lesson H
(See Module 7-4)

Sound Reflection and Interference

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: 3
	(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

	Summarize reflection and interference of both sound and light waves and the refraction and diffraction of light 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)

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)
	Module 7-6
Lesson A

Observe Interference Patterns
Ripple Tank

Lesson B

Making Standing Waves

(see Module 7-3 Lesson C)
Lesson C

Refraction Introduction
Lesson D

What can cause the path of light to bend?

Flashlight and beaker/ Jell-O lenses
Lesson E.

Observe Interference Patterns
Ripple Tank

(See Lesson A Observe Interference Patterns)
	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 addition to explain, assessments may require that students

Exemplify energy 


	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	Wave Interference (06:40)

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

	Lesson F
Light diffraction and interference.

(Light can bend around edges)
Lesson G
Introduction to sound waves
Lesson H

(See Module 7-4) 

Sound Reflection and Interference

	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: Summarize reflection and interference of both 


sound and light waves and the refraction and diffraction of 


light waves.





Other indicators addressed:  PS-1.2, 1.9, 5.2, 7.3, 7.5





























