Physical Science

Science

Module
PS-7.5
Energy and Waves

Lessons A - D
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Instructional Progression: In the 8th grade students compared the wavelength and energy of waves in various parts of the electromagnetic spectrum (including visible light, infrared, and ultraviolet radiation) (8-6.8). Physical Science requires that students expand their concept of the nature of electromagnetic radiation. Students will summarize different types of radiation within the spectrum.

Taxonomy level of indicator:

2.4-B Understand Conceptual Knowledge
Key Concepts:

Electromagnetic spectrum

Visible spectrum

Propagation without a medium
Content Overview:
It is essential for students to understand

That there is a wide range of frequencies and wavelengths of electromagnetic waves. The entire range of frequencies is called the electromagnetic spectrum.

The relative positions of the different types of electromagnetic waves on the spectrum.

Students should know the order of electromagnetic waves from low frequency to high frequency: radio waves, microwaves, infrared radiation, visible light (red, orange, yellow, green, blue, violet), ultraviolet, X-rays, and gamma rays.

 Understand that the energy of electromagnetic waves is directly proportional to the frequency.

When listed in order from lowest energy to highest energy, the list is the same as when listed from lowest frequency to highest.

Electromagnetic waves with higher frequencies than visible light also have more energy. This is why ultraviolet light can burn your skin, and X-rays and gamma can damage tissues.

Electromagnetic waves with lower frequencies than visible light and have less energy than visible light.

 Understand that the higher frequency electromagnetic waves have shorter wavelengths.

Understand that wavelengths vary greatly from very long wavelengths (many meters) to very short wavelengths (the size of atomic nuclei).

Understand that electromagnetic waves travel in space with no medium or may travel through a transparent medium.

 All types of electromagnetic waves travel at the same speed in a vacuum.

Electromagnetic waves slow down when they move from a vacuum to a transparent medium.

Electromagnetic waves are transverse waves.
Teaching Lesson A:
Separating Light into Colors

Prism

Introduction to the lesson: 
When light passes through a prism it is separated into a spectrum of colors.  The amount of refraction depends on the frequency. 
Lesson time:
.5 day 
Materials Needed:

per station

· Each station should have a flat surface beside a wall or other area that can be used as a “screen”
· 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 prism

Essential Question:
How does a prism separate light into colors?

Procedure:
1) Lay the prism on the desk

2) Face the wall and shine the flashlight through the prism so that the light leaving the prism appears on the wall.

3) Move the flashlight so it shines at various angles and at various locations

4) Try to make a “rainbow” appear on the wall.

5) Make some general statements concerning how the orientation of the flashlight and prism effect the light that shines through the prism

6) Answer the following question in your notebook:  Under what conditions can you make a rainbow?

7) Make a drawing that shows the path that you think the light follows into and through the prism.  This type of drawing is called a ray diagram.
Assessing the Lesson:
Formative Assessment 


Concept Development

Materials

· 2 copies of hand out 2 per student

· Colored pencils or crayons for each student

· Overhead 2

Place Transparency 2 on the overhead and pass the handouts to the students

Ask students to place their pencils perpendicular to the arrow below.

Model on the overhead  

· The Arrow represents the direction that a light wave is traveling toward a clear glass triangle. Move your pencil toward the triangle and determine which way the path of the light will bend as it enters the triangle. (Only think about what happens to the pencil at the first boundary, ignore the other boundary) Draw an arrow through the triangle to the other side which represents the new direction of the light when it is inside the triangle.

· Now place your pencil perpendicular to that arrow.  Repeat the process showing what would happen as the light exits the triangle 

· Draw an arrow to represent that that path.              
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Red  Orange  Yellow  Green  Blue Violet 


Students should end up with a drawing that resembles this:
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Relate this to the drawings that they made of the column of soldiers in the swamp in the previous activity.

· The path of a beam of light bends when it enters a glass prism. 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 prism because one side of it speeds up before the other. 

· Different colors of light are different frequencies of light.

· Since higher frequency light bends more than lower frequency light we can spread out the colors in light reveling a spectrum.

· In addition to bending light as a whole, a prism separates white light into its component colors. Different colors of light have different frequencies, which causes them to travel at different speeds when they move through matter. 

Ask students to draw what they think this effect would have on the second handout. 

Place transparency 3 on the overhead

 

· A color that travels more slowly in glass will bend more sharply when it passes from air to glass, because the speed difference is more severe. A color that moves more quickly in glass will not slow down as much, so it will bend less sharply. In this way, the colors that make up white light are separated according to frequency when they pass through glass. If the glass bends the light twice, as in a prism, you can see the separated colors more easily. This is called dispersion. 
Teaching Lesson B:

Build a Spectroscope
Introduction to the lesson: 

Spectroscopes are devices that make it possible to separate the colors of various spectra. These instruments are used to study the electromagnetic spectrum.

Lesson time:

.5 day

Materials Needed:

· One cut out piece of an old CD per group that will fit the space on the spectroscope pattern.  Hint: If you soak the CD in hot water for about one minute you can cut it with scissors and not shatter the CD.

· One piece of dark colored card stock or dark construction paper with the pattern of the spectroscope copied on it

· Scotch tape 

Essential Question:
How can a spectroscope be built with simple materials?

Procedure:

· Let each group observe the piece of CD and use it to see to see colors of light produced.

· Have them write their observations in their notebook and suggest why they think this happens.

· Have them follow the directions and build their spectroscope.
· Cut out the spectroscope.

· Cut the solid lines. 

· Cut out the slit and tape in the CD.

· Fold the dotted lines.

· Tape the edges.

· Have them use the spectroscope to observe light spectra from various sources.

· Have them draw their observations in a chart like this (adding the light sources you have):

Assessing the Lesson:

Formative Assessment 

Lesson B.

	Light Source
	Red Orange Yellow Green Blue Violet

	Incandescent light
	

	Fluorescent light
	

	Daylight
	

	
	


Bring the class together and discuss their results.  Discuss the concept of color and the fact that most light consists of many colors.  Point out that different colors of light have different frequencies and that the violet end of the spectrum has the higher frequency.  Also tell them that the high frequency light has the greatest amount of energy.  You might want to talk about the nature of light at this point, pointing out that packets of light are called photons.  Point out that the colors of light that we can see are only a small part of electromagnetic spectrum and that there are types of electromagnetic radiation with higher frequencies and energies than we can see.  Ultraviolet means above violet.  This type of light has a higher energy than visible light but in many respects is similar to visible light. Gamma rays are even higher energy than ultraviolet.  Infrared means below red and has a lower frequency and energy than visible light. Other types of electromagnetic radiation have even lower energies than infrared but still have some similar properties. 
Teaching Lesson C:

Drawing the Electromagnetic Spectrum
Introduction to the lesson: 

Scale drawings can be made to represent the various types of electromagnetic radiation. The energies and wavelengths can then be related.

Lesson time:

.5 day
Materials Needed:

Metric ruler for each student

Colored Pencils
Essential Question:
How do the wavelengths of different types of electromagnetic radiation relate to each other?

Procedure:

In this activity we will make drawings that represent different types of electromagnetic radiation. The wavelength of visible light is very tiny so it would be difficult to draw.  The wavelength range for visible is about 380 to 760 nanometers.  We cannot see things this small so we are going to draw the waves to scale that we can see so we can see how wave length varies.  We will let one centimeter equal one hundred nanometers.  If we drew the shortest wavelength of visible light it would have a wavelength of 3.8 centimeters with our scale.

For each color in the spectrum there are many different wavelengths so there many different shades of every color.  For our drawing we will draw the wavelength for the average color. The range for violet is from about 380 nm to 420 nm. The average would be 400 nm so draw the wave length 4.0 centimeters long.

Now complete the table by drawing a wave with the average wavelength for each type of electromagnetic radiation.

Constructing the Spectrum

	Ultraviolet

Range

1-380 nm


	

	Violet Range

380-420 nm


	

	Blue

Range

420-490 nm
	

	Green

Range

520-570 nm
	

	Yellow

Range

565-590 nm
	

	Orange

Range

585-620 nm
	

	Red

Range

630-760 nm
	

	Infrared

Range

750-2500 nm
	


Assessing the Lesson:

Formative Assessment 

Questions:

1. What is the visible light with the shortest wavelength?  

2. Which type of visible light has the highest frequency? 

3. Which type of visible light has the highest energy?

4. What type of electromagnetic radiation has the highest energy? 

5. What type of electromagnetic radiation had the shortest wavelength?

6. What is the wavelength of the lowest frequency electromagnetic radiation?  (They may need to research this if it is not in their book.)

Students need to know the relationship among wavelength, frequency, and energy of the different types of electromagnetic radiation.
Teaching Lesson D:

Explore Infrared Radiation
Introduction to the lesson: 

Infrared light is used to operate many household devices. The remotes operate on an infrared beam. Even though it is invisible to the naked eye it has all of the characteristics of other light waves.
Lesson time:

0.5 day

Materials Needed:

Remote control

Some kind of device for the remote to turn on. (TV, CD player, etc.) 

Rubber hose

Essential Question:
How does infrared light compare to other kinds of light?

Procedure:

This is a whole-group somewhat open inquiry activity.

Have the students try to turn on the TV in different ways.  Encourage them to make suggestions.

Some things to try:

1. Try to reflect the infrared light of different surfaces. 

2. Try to shine the infrared light through different materials

3. Try to diffract the infrared light around a book.  (Infrared light has a longer wavelength and should diffract better than visible light.) 

4. Try to shine the infrared light through the hose straight and bent.

5. Even though you cannot see infrared you can take a picture of the light from some remote controls with a cell phone camera.  This is an interesting phenomenon and suggests to the students that infrared is a type of light.

Assessing the Lesson:

Formative Assessment 

Bring the class together and discuss the similarities and differences between visible light and infrared light.
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–7.5

Explain how the law of conservation of energy applies to the transformation of various forms of energy (including mechanical energy, electrical energy, chemical energy, light energy, sound energy, and thermal energy).


	SC Science Standards Support Guide https://www.ed.sc.gov/apps/cso/standards/supdocs_hs.cfm?

Adopted Physical Science Textbook (see appendix for correlations)

The Science of Stuff

A Freshman Scholars Seminar at the University of Wisconsin-Milwaukee

http://www.uwm.edu/~awschwab/specweb.htm

This site shows you how to build a spectroscope and use it to view spectra of light.

http://imagers.gsfc.nasa.gov/ems/ems.html

This site shows the electromagnetic spectrum with its relative wavelengths and 
	Module 7-5

Lesson A

Separating Light into Colors

Lesson B  
Build a Spectroscope

Lesson C  
Drawing the Electromagnetic 

Spectrum

Lesson D

Explore infrared Radiation

	The objective of this indicator is to summarize the characteristics of the electromagnetic spectrum, therefore, the primary focus of assessment should be to give major points about the wavelengths, frequency, energy, and propagation without a medium for the different types of electromagnetic radiation.

In addition to summarize, assessments may require that students: 

Compare the frequency, wavelength, and energy of different types of electromagnetic radiation; 

Infer characteristics of a type of electromagnetic radiation from its position in the spectrum; 

Exemplify characteristics 


	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	discusses the electromagnetic radiation.

Suggested Streamline Video Resources
Elements of Physics: Light: Optics and Electricity. United Learning

What is Light? (02:16)

This segment introduces the electromagnetic spectrum.

Putting the Electromagnetic 

Spectrum to Use (03:29)

This segment describes some uses of electromagnetic waves.
	
	and types of electromagnetic radiation;

Illustrate or use illustration to show characteristics of waves at different positions on the electromagnetic spectrum.


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





Indicator:  Summarize the characteristics of the electromagnetic spectrum (including range of wavelengths, frequency, energy, and propagation without a medium).





Other indicators addressed:PS-1.1, 1.2, 1.5, 1.9, 5.2, 7.1, 7.4














Cut Slit





Tape





Piece of CD





Spectroscope








