SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area:  
	Science  8th Grade                            

	Recommended  Days of Instruction:  2
	(one day equals 55 min)

	Standard(s) addressed:  8-6

	The student will demonstrate an understanding of the properties and behaviors of waves.

	Behavior of Waves 

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-6.4 Summarize the behaviors of waves (including refraction, reflection, transmission, and absorption).


	SC Science Standards Support Document
https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm
University of Illinois: Weather World 2010 Project
http://ww2010.atmos.uiuc.edu/(Gh)/guides/mtr/opt/home.rxml
Light and Optics section. Photographs and graphics are used to explain meteorological optical phenomena caused by the reflection, scattering, refraction, and diffraction of the suns rays

through water droplets, particulates, and ice crystals.

	See Module 8-6.4
Teaching the Lesson 8-6.4A
Behavior of Waves – “Reflection and Refraction” 

Teaching the Lesson 8-6.4B

Behavior of Waves – “Transmission and Absorption”

	From the Science Support Document

The objective of this indicator is to summarize the behaviors of waves; therefore, the primary focus of assessment should be to generalize major points about the interactions of waves with various materials based on behaviors (including refraction, reflection, transmission, and absorption).  



	Module 8-6.4 Continued 

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-6.4 Summarize the behaviors of waves (including refraction, reflection, transmission, and absorption).


	ETV Streamline SC Videos:

http://etv.streamlinesc.org
Science Investigations Physical Science: 
Investigating Sound and Light

“All About Telescopes”
Begins with a brief history of the development of the microscope then quickly moves to a comparison of refracting and reflecting telescopes. The last part of the segment describes the Hubble Telescope and how its images are transmitted to Earth.

9:20
Science Investigations Physical Science: Investigating Sound and Light

“Echolocation and Dolphins”
Describes how dolphins use echolocation to navigate and find food in dark water. Includes an

animation that shows how the sound wave is generated as a vibration by the dolphin and how that wave is reflected off of a distant object.

3:38


	
	However, appropriate assessments should also require students to recognize the behaviors of waves; exemplify the behaviors of waves based on descriptions of these behaviors; interpret diagrams of wave behaviors; illustrate wave properties; or explain the major effects of wave behavior.



	Module 8-6.4 Continued 

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-6.4 Summarize the behaviors of waves (including refraction, reflection, transmission, and absorption).


	Exploring Light and Color

Segment 3: Light and Color (6:39)

Segment 5: Mirrors and Lenses (3:14)

Segment begins with an animation of refraction by a prism to produce a visible spectrum and shows the relationship of visible light to the electromagnetic spectrum, while focusing on the ultraviolet and infrared segments found in sunlight. It continues with an explanation of absorption and reflection of light, our perception of color, primary colors of light, and the potential confusion with primary colors in pigments.

	
	


	Module 8-6.4 Continued 

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-6.4 Summarize the behaviors of waves (including refraction, reflection, transmission, and absorption).


	Inquiring Minds: From Sky to Sea

Segment 1: Blue Sky

Uses the concepts of absorption, reflection, refraction, and emission to explain why the sky is blue, sunsets are red, space is black, and why water is clear in a small container, but blue in a large body like the ocean. Provides several animations of the refraction of the wavelengths of visible light by air and water molecules.

5:05
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From the South Carolina Science Support Documents: 

Indicator 8-6.4: Summarize the behaviors of waves (including refraction, reflection, transmission, and absorption).

Taxonomy level of indicator:

Understand Conceptual Knowledge (2.4-B)   
Previous/Future Knowledge: 

In 4th grade (4-5.3), students summarized how light travels and explained what happens when it strikes an object (including reflection, refraction, and absorption).  Students have not been introduced to the concept transmission in previous grade levels.  Students will further develop the concept of the behavior of waves in Physical Science (PS-7.6).

It is essential for students to know that waves have the following behaviors:
Refraction


· Refraction is the bending of waves caused by a change in their speed as they pass from one medium to another.  As waves pass at an angle from one medium to another, they may speed up or slow down.  The greater the change in speed of the waves, the more the waves will bend.  

· Refraction of light going from air through a convex lens, for example, can make images appear larger as the light waves bend. 

· Prisms or diffraction gratings separate white light into its different components or colors by bending the light at different angles depending on the frequencies of the light passing through the prism or diffraction grating.  Different colors of light have different frequencies.  

Reflection


· Reflection is the bouncing back of a wave when it meets a surface or boundary that does not absorb the entire wave’s energy.  All types of waves can be reflected.  

· Reflections of sound waves, for example, are called echoes and help bats and dolphins learn about their environments. 

· Plane mirrors and other smooth surfaces reflect light to form clear images.  

Transmission


· Transmission of waves occurs when waves pass through a given point or medium.  

· Sound waves are transmitted through solids, liquids, and gases.  

· Light waves are transmitted through transparent materials (may be clear or colored material such as filters) that allow most of the light that strikes them to pass through them. 

· Only a small amount of light is reflected or absorbed.  

· Opaque materials allow no light waves to be transmitted through them.  

· Translucent materials transmit some light, but cause it to be scattered so no clear image is seen.

Absorption


· Absorption of certain frequencies of light occurs when the energy is not transferred through, or reflected by, the given medium. Objects or substances that absorb any wavelength of electromagnetic radiation become warmer and convert the absorbed energy to infrared radiation.
It is not essential for students to know the quantitative relationships in refraction, reflection, absorption, or transmission of waves. Students do not have to know about the behavior of diffraction or about polarization of light. Measuring angles of reflection or refraction is not essential. Behaviors using concave lenses or convex mirrors and concave mirrors are beyond this indicator.

Assessment Guidelines:

The objective of this indicator is to summarize the behaviors of waves; therefore, the primary focus of assessment should be to generalize major points about the interactions of waves with various materials based on behaviors (including refraction, reflection, transmission, and absorption). However, appropriate assessments should also require students to recognize the behaviors of waves; exemplify the behaviors of waves based on descriptions of these behaviors; interpret diagrams of wave behaviors; illustrate wave properties; or explain the major effects of wave behavior.

Teaching Indicator 8-6.4 Lesson A: Behavior of Waves – “Reflection and Refraction” 
Instructional Considerations:

This lesson is an example of how a teacher might address the intent of this indicator. This lesson is designed to introduce the concept of wave motion and characteristics of different types of waves and mediums. This lesson can also be used in conjunction with 8-1.3, 8-1.4, 8-1.6. STC – Human Body & STC - Light kits provide an opportunity for conceptual development of the concepts within the standard. 
Prepare the FOCUS questions before you teach the lesson they can be displayed through a projector (LCD, SMART or Promethean Board), written on the board during the engage, activity or copied onto a transparency and used on an overhead. Students should have completed Lesson 8-6.4A before beginning this lesson. This is a station lab and should be prepared before the class begins. Preparation time is approximately an hour.
Misconceptions:
Students may have difficulty understanding that waves pass through matter. Some students may believe that matter is transported by waves. Some students may not recognize light as a wave. Some students tend to identify light with its source (e.g., light is in the bulb) or its effects (e.g., patch of light). They do not have a notion of light as something that travels from one place to another. Some students may have difficulty explaining the direction and formation of shadows, and the reflection of light by objects. Other students may understand that mirrors reflect light but may have a difficult time understanding that ordinary objects reflect and absorb light. 
From AAAS Atlas of Science Literacy (Project 2061):

Student Misconceptions:
The majority of elementary students and some middle-school students who have not received any systematic instruction about light tend to identify light with its source (e.g., light is in the bulb) or its effects (e.g., patch of light). They do not have a notion of light as something that travels from one place to another. As a result, these students have difficulties explaining the direction and formation of shadows, and the reflection of light by objects. For example, some students simply note the similarity of shape between the object and the shadow or say that the object hides the light. Middle-school students often accept that mirrors reflect light but, at least in some situations, reject the idea that ordinary objects reflect light (Guesne, 1985; Ramadas & Driver, 1989). Many elementary- and middle-school students do not believe that their eyes receive light when they look at an object. Students' conceptions of vision vary from the notion that light fills space ("the room is full of light") and the eye "sees" without anything linking it to the object to the idea that light illuminates surfaces that we can see by the action of our eyes on them (Guesne, 1985). The conception that the eye sees without anything linking it to the object persists after traditional instruction in optics (Guesne, 1985); however, some 5th-graders can understand seeing as "detecting" reflected light after specially designed instruction (Anderson & Smith, 1983)
Safety Note:
Students should observe all lab safety procedures as well as school and district policies. There are no chemical or physical hazards present if proper laboratory behavior is observed.
Lesson time:

1 Day (55 minutes)
Materials Needed: 
· 1 large Concave Mirror (with a curve of at least 120˚) – For Demonstration
· 1 Small object (toy soldier) – Demonstration

· Sheet of white card stock - Demonstration

· Prism – Demonstration
· Slinky – 1 per group

· Small plane mirror – 1 per group 

· clay or Play-dough (for mirror supports) – 1 per group
· Protractor – 1 per group
· Ruler – 1 per group
· Pieces of unlined paper – 2 per group
· Card Board Square 2x2 – 1 per group

· Flashlight – 1 per group
· Stick pins – 4 per group

· Small square transparent water tray (must fit on the cardboard) – 1 per group 

· Water – enough for each group to fill their tray with 3cm of water.

· Hand Lens – 1 per group
Focus Question:
What causes waves to change direction?

Engage (5 minutes):

Do the following 2 demonstrations without explaining them.

1. Demonstrate the refraction of visible light through a prism. 

2. Demonstrate the reflection of a small object in a concave mirror.
a. Use the white card stock for the reflected image. Since the image is real, it appears in front of the mirror so you must have something for it to be reflected on. 

b. You will need to practice this prior to class and mark where the object should be placed in front of the mirror in order to achieve the following images:

i. Real Upright

ii. Real Inverted

iii. Disappearing – no image is reflected in the mirror

c. NOTE: If you have no experience with concave mirrors go to the following website http://paws.kettering.edu/~drussell/Demos/RayTrace/Mirrors.html and observe the concave mirror demo. In this demo the object moves toward the mirror from the left to the right. Observe where and how the image appears. This will help with where you need to place the small object to achieve the 2 images and the disappearing image in step b above.
Explore: (30 minutes)
1. Tell students they will be completing 4 exercises and that each exercise will resemble one of the demonstrations – Ask them to complete each exercise, record their data and observations and then using the data and observations decide whether the exercise was similar to the first demonstration or whether it was similar to the second demonstration.
2. Have students read through the exercises below and create space in their notebooks to record data and observations.
Exercise 1:

1. Hold the slinky firmly down in place at the far end and send a compressional/ longitudinal wave down the slinky.  
2. Repeat this until you notice a pattern.

3. Describe and illustrate your observations in your notebook.

Exercise 2:
1. Draw a line across the center of a sheet of paper. This line becomes the reflective line in the experiment.

2. Place this sheet of paper on the piece of cardboard.

3. Place the mirror upright along the line on the paper and use the clay to support it.
4. Place two pins in front of the mirror.

a. One of the pins becomes the object the other the observer pin.

b. While observing the image of the first pin, rotate the card board so that the image and the second pin are in line with each other.

c. Make marks on the paper along the line of sight between the two: "image and observer"

d. Remove the paper from the card board, mark the lines of sight with a ruler, and measure the 2 angles formed.

e. Record the angles.

f. Repeat the experiment placing the pins in a new location.
5. Compare the angles in each trial and record your observations in your notebooks.

Exercise 3:

1. Place water in a transparent rectangular container to a depth of 3 cm. 

2. Place the container on the cardboard and mark the outline of the container on the cardboard. 

3. Place a pin in the cardboard behind the container. The pin should be as close to the container as possible. 

4. Place a second pin 4 to 5 cm behind the first. The two pins should form a straight line which should form an angle of less than 45° with the side of the container. 

5. Bend down in front of the container, so that you are looking at the two pins through the water in the container. Place a third pin in front of the container close to it. This pin should appear to line up with the two pins behind the container. 

6. Place a fourth pin 4 to 5 cm in front of the third pin so that it lines up with the other pins. Readjust the positions of any of the pins so they all appear to be in a line when you look through the water in the container.  (See image below:)

7. Mark the edge of the water tray at each set of pins.

8. Carefully remove the container of water, leaving the pins in their position. 

9. Use a ruler to draw a line connecting the positions of the two pins that were behind the container. 
10. Use a ruler to draw a line connecting the positions for the two pins that were in front of the container. 

11. Draw a third line, inside the area where the water container was located, connecting the other two lines. This line represents the path of the light ray through the water. 

12. With a protractor, measure the angle between the two marks of the sides of the container and the lines connecting the two pins that were behind the container.  See the above diagram for where the angles are located.
13. Record the angles in your notebook along with your observations.

Exercise 4:

1. Look through the hand lens at different objects until you see what the lens does to the image then record you observation in your notebook.

2. Draw the shape of the lens in your notebook.

Explain: (20 minutes)
1. Have students report out on which exercises were like demo 1 and which were like demo 2.

Tally their responses.

2. Ask students to share their observations on exercise 1.

Student responses will vary but all should talk about the wave returning back down the slinky.
Write or project the definition of Reflection - the bouncing back of a wave when it meets a surface or boundary that does not absorb the entire wave’s energy.  All waves can be reflected.  
3. Ask students which Demonstration showed waves being reflected – Students should recall the Demo 1 had reflection.
4. Ask them what they recall about the image size.

Students should recall the size of the image changed depending on where the object was placed in front of the mirror. 

5. Ask students to share their observation on exercise 2.

Student responses will vary but all should talk about the pins being reflected clearly and that the 2 angles on either side of the mirror were the same. If students placed their 2nd set of pins farther apart their angles were smaller than their first trial. Students that placed their 2nd set of pins closer together found the angles were larger than the first trial. 
Students should know that Plane mirrors and other smooth surfaces reflect light to form clear images.  
6. Show the ETV Streamline SC video Science Investigations Physical Science: Investigating Sound and Light: Segment Echolocation and Dolphins (3:38)
Students should know, that the reflections of sound waves are called echoes and help bats and dolphins find food and learn about their environments. 
7. Ask students to share their observations on exercise 3. 

Student responses will vary but should contain information about the light bending in the water and then straightening back out in air. They should have found the angles on both sides of the tank to be equal. 

8. Write or project the following:

Refraction is the bending of waves caused by a change in their speed as they pass from one medium to another.  As waves pass at an angle from one medium to another, they may speed up or slow down.  The greater the change in speed of the waves, the more the waves will bend.
9. Ask students which demo had waves being bent. 

Students should recall demo 1 - the prism bent white light into different angles producing different colors. 
Students should also know that the angles depend on the frequencies of the light passing through the prism. Different colors of light have different frequencies.  
10. Ask students to recall frequency – number of waves passing a point in a given amount of time

11. Ask students to recall the relationship between frequency and wavelength – inverse.

12. Ask student to share their observation of exercise 4.

Students should know that the images were larger when viewed through the hand lens. Students should know that a hand lens is a convex lens. Students should be able to describe the shape of a convex lens based on their drawing of the lens from the hand lens (small at the ends wide in the middle ().
Extend:
1. Make a Kaleidoscope. A simple to make version can be found at National Geographic Kids http://kids.nationalgeographic.com/kids/activities/funscience/be-dazzled/
Teaching Indicator 8-6.4 Lesson B: Behavior of Waves – “Transmission and Absorption” 
Instructional Considerations:

This lesson is an example of how a teacher might address the intent of this indicator. This lesson is designed to introduce the concept of wave motion and characteristics of different types of waves and mediums. This lesson can also be used in conjunction with 8-1.3, 8-1.4, 8-1.6. STC – Human Body & STC - Light kits provide an opportunity for conceptual development of the concepts within the standard. 
Prepare the FOCUS questions before you teach the lesson they can be displayed through a projector (LCD, SMART or Promethean Board), written on the board during the engage, activity or copied onto a transparency and used on an overhead. Students should have completed Lesson 8-6.4A before beginning this lesson. Prepare this lab before class. 
Misconceptions:
Students may have difficulty understanding that waves pass through matter. Some students may believe that matter is transported by waves. Some students may not recognize light as a wave. Some students tend to identify light with its source (e.g., light is in the bulb) or its effects (e.g., patch of light). They do not have a notion of light as something that travels from one place to another. Some students may have difficulty explaining the direction and formation of shadows, and the reflection of light by objects. Other students may understand that mirrors reflect light but may have a difficult time understanding that ordinary objects reflect and absorb light. 
Safety Note:
Students should observe all lab safety procedures as well as school and district policies. There are no chemical or physical hazards present if proper laboratory behavior is observed.
Lesson time:

1 Day (55 minutes)
Materials Needed: 
· A shoe box full of transparent, opaque (some of these should have a reflective quality but should not be mirrored surfaces), and translucent materials – 1 per group
· Piece of Black Construction Paper

· Flashlight – 1 per group

· Transparent Square Tub or Square Pan with plain Jell-O filling one half and water filling the other half separated by a piece of plastic wrap pulled tightly over the Jell-O - 1 per group
· Large Slinky (large diameter) – 1 per group
· Small Slinky (small diameter) – 1 per group

· A lamp with the material ripped off the shade – 1 per class

· A piece of cloth – 1 per class

Focus Question:
What are some things that affect the behavior of waves?

Engage (6 minutes):

1. Introduce the lesson by showing ETV Streamline SC Inquiring Minds: From Sky to Sea Segment 1: Blue Sky (5:05)

2. While students are watching the video the lamp with the naked shade should be draped with the cloth and plugged in but NOT turned on.

Explore: (34 minutes)

1. Have students read through the exercises below and create space in their notebooks to record data and observations.
Exercise 1:

a. Take the flash light and try shining it through each of the materials in the box you were given.
b. Record your observations. Be sure to note if the material reflects or refracts light.

Exercise 2:

a. Place the black piece of construction paper at the Jell-O end of the tub. Hold it there or support it with your text book.
b. Shine the flashlight straight through the tub of Jell-O and water so the light first passes through the water and then through the Jell-O. 

i. Be sure you are holding the flashlight perpendicular to the tub side. 
c. Observe the light passing through the water into the Jell-O.

d. Record your observations in your notebook.

e. Observe where the light is on the black construction paper.

f. Record your observations

g. Repeat the exercise but this time, shine the light through the Jell-O end first and place the black construction paper on the water end of the tub.

h. Compare your observation for both directions and note any differences in your notebook.

Exercise 3:

a. Attach the two slinkies together and send a compressional wave from the large slinky.  Next, send a compressional wave from the small slinky.  
b. Record your observations of both waves. Be sure to address the following questions in your observations:
i. What happens to the wave speed when the compressional wave goes from the large slinky into the small slinky? 
ii. What happens to the wave speed when the compressional wave goes from the small slinky into the large slinky?
iii. Did you notice any reflection when the compressional wave reached the junction where the two springs were connected? If so in which direction was the wave traveling when you noticed this?
iv. Did more of the wave seem to be transmitted or reflected? If so in which direction was the wave travelling when you noticed this?
Exercise 4:
a. At the beginning of the exercises touch the cloth that is draped over the lamp shade.  
b. Once you have completed exercise 3 and have recorded your observations, go back to the cloth and touch it. 
c. Record your observations. Be sure to include information about the light and the temperature.
2. Have students, in groups of 2-4, conduct the exercises.

Explain: (15 minutes)

1. Have students share their observations in a Graffiti Walk:

a. The board is divided into 4 sections each is labeled with the exercise number.

b. Group students in 4 groups 
c. Have groups go up to an exercise on the board.

d. Tell each group to write as many words or phases that they can that apply to this exercise.

e. Give groups about 4 minutes.

f. Then have them rotate to the next area of the board. 

g. Groups should read first then add to or edit what is already there.

h. Give groups only 2 minutes to read, add and edit.

i. Do this until every group has visited every exercise.

2. Review information on the boards and ensure that it contains the following definitions. Write in definitions or have students edit as needed based on the following:
· Transmission of waves occurs when waves pass through a given point or medium and only a small amount of light is reflected or absorbed.  
· Light waves are transmitted through transparent materials (may be clear or colored material such as filters) that allow most of the light that strikes them to pass through them. 

· Opaque materials allow no light waves to be transmitted through them.  

· Translucent materials transmit some light, but cause it to be scattered so no clear image is seen.
· Absorption of certain frequencies of light occurs when the energy is not transferred through, or reflected by, the given medium.
· Objects or substances that absorb any wavelength of electromagnetic radiation become warmer and convert the absorbed energy to infrared radiation.
Extend:
1. Research and find devices that use both refraction and reflection. Be sure to note what industry has the most of these devices and which industry has the largest variety.
Standard 8-6: The student will demonstrate an understanding of the properties and behaviors of waves.





Indicator 8-6.4: Summarize the behaviors of waves (including refraction, reflection, transmission, and absorption).





Other indicators addressed:


8-1.3 Construct explanations and conclusions from interpretations of data obtained during a controlled scientific investigation.


8-1.6 Use appropriate tools and instruments (including convex lenses, plane mirrors, color filters, prisms, and slinky springs) safely and accurately when conducting a controlled scientific investigation.


8-1.7 Use appropriate safety procedures when conducting investigations.
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