Physics: Unit 5: Interactions of Energy and Matter/Waves

Comprehensive Curriculum

Concept Correlation

Unit 5:  Interactions of Energy and Matter/Waves
Time Frame:  Regular Schedule – 5 weeks; Block Schedule – 2.5 weeks
	Big Picture: (Taken from Unit Description and Student Understanding)
· All waves share common characteristics and properties and behave in predictable ways, obeying laws of motion.

· There are two methods of energy transfer (transfer of matter and wave motion).

· Mechanical and electromagnetic waves have similarities and differences in terms of properties, components, and behaviors.

	Guiding Questions
	Activities
The essential activities are denoted by an asterisk.
	GLEs
	DOCUMENTATION                       
Documented GLEs

GLES 

Bloom’s Level

GLES

Date and Method of Assessment

Analysis

PS 25

Evaluation

PS 26

Analysis

PS 27

Analysis

PS 28

Analysis

PS 30

Analysis

PS 32

Application

PS 33

Synthesis

PS 34

Application

PS 35

Reflections



	Concept 1:  Waves and Wave Properties
29. Can students describe the nature of waves?

30. Can students explain why waves are critical to energy transfer?

31. Can students differentiate among wave types?

32. Can students diagram and give examples of wave interactions with other waves and with matter including constructive and destructive interference, behavior of waves at boundaries, and the Doppler Effect?

33. Can students do calculations for reflection and refraction of waves?

34. Can students label the parts of a wave?

35. Can students solve problems involving the movement of sound and electromagnetic waves through different media?


	*Activity 27:  Snakey Spring Lab

GQ 29, 31, 34
	SI 7; PS 25, 26
	

	
	*Activity 28:  Interference, Diffraction, and Polarization Demonstration

GQ 30, 32
	SI 5, 6; PS 28, 30
	

	
	*Activity 29:  Resonance Demonstration

GQ 32, 35
	SI 6, 15; PS 25, 33
	

	
	Activity 30:  Doppler Effect Demonstrations

GQ 32, 35
	SI 7; PS 35
	

	
	*Activity 31:  Solve Problems Involving Different Types of Waves and Different Media

GQ 33, 35
	SI 5; PS 4, 25, 27, 28, 32, 33, 35
	

	Concept 2:  Light Applications
29. Can students describe the nature of waves?

32. Can students diagram and give examples of wave interactions with other waves and with matter including constructive and destructive interference, behavior of waves at boundaries, and the Doppler Effect?

33. Can students do calculations for reflection and refraction of waves?

35. Can students solve problems involving the movement of sound and electromagnetic waves through different media?
	*Activity 32:  Research the History of Light

GQ 29
	SI 6, 8, 11, 14; PS 34
	

	
	Activity 33:  Plane Mirror Demo

GQ 33
	SI 7; PS 27
	

	
	Activity 34:  Plane Mirror Lab

GQ 32, 33
	SI 7; PS 27
	

	
	*Activity 35:  Concave/Convex Mirror and Lens Lab

GQ 35
	SI 5, 14; PS 27
	

	
	*Activity 36:  Refraction Lab

GQ 32, 33, 35
	SI 3, 9; PS 26, 27
	

	
	Activity 37:  Total Internal Reflection Demonstration

GQ 32
	SI 7; PS 27
	


Physics Equipment List

Unit 5 – Interactions of Energy & Matter/Waves

Activity 27 (CC Activity 1) For each group - Large snakey spring, safety glasses, 30 cm piece of string, science learning logs, Observation of Wave Interactions in a Snakey Spring BLM
Activity 28 (CC Activity 7) Clear flat plastic tray for holding water, dropper pipettes, small wood or plastic blocks, plane-polarized film, science learning logs  
Activity 29 (CC Activity 9) For each group - Large graduated cylinder, hollow glass or plastic tube, tuning fork, hot and ice water, thermometer or CBL with temperature probe (for air temperature)
Activity 30 (CC Activity 10) Ripple tank or shallow transparent tray, loud battery powered buzzer inside a foam ball and/or a fog horn held with insulated mitts, practice problem list.
Activity 31 (CC Activity 11) For each student - Set of problems with answers, calculator

  Activity 32 (CC Activity 8) For each student - Research tools such as Internet, textbooks, 


library resources

Activity 33 (CC Activity 2) Large plane mirror, flashlight, string, protractor, ruler

Activity 34 (CC Activity 3) For each group - Plane mirror attached to support block, 

ruler, push pin, plain unlined paper, protractor, safety glasses
Activity 35 (CC Activity 4) For each group - Access to Internet, library resources, trade books, optical bench, concave and convex mirrors and lenses, candle, safety glasses 

Activity 36 (CC Activity 5) For each student - Lab Report Rubric: Refraction Plan a Lab 

BLM

Activity 37 (CC Activity 6) For each student - Textbook or problems worksheet, calculators

Unit 5 Concept 1:  Waves and Wave Properties

GLEs

*Bolded GLEs must be assessed in this unit

	PS 25
	Determine the relationships among amplitude, wavelength, frequency, period, and velocity in different media (PS-H-G1) (Analysis)

	PS 26
	Evaluate how different media affect the properties of reflection, refraction, diffraction, polarization, and interference (PS-H-G1) (Evaluation)

	PS 27
	Investigate and construct diagrams to illustrate the laws of reflection and refraction (PS-H-G1) (Analysis)

	PS 28
	Draw constructive and destructive interference patterns and explain how the principle of superposition applies to wave propagation (PS-H-G1) (Analysis)

	PS 30
	Draw constructive and destructive interference patterns and explain how the principle of superposition applies to wave propagation (PS-H-G1) (Analysis)

	PS 32
	Compare properties of electromagnetic and mechanical waves (PS-H-G3) (Analysis)

	PS 33
	Solve problems related to sound and light in different media (Application)

	PS 35
	Analyze the Doppler effect of a moving wave source (PS-H-G3) (Application)

	PS 4
	Perform dimensional analysis to verify problem set-up (PS-H-A1) (Application)

	SI 2
	Describe how investigations can be observation, description, literature survey, classification, or experimentation (SI-H-A2)  (Knowledge)

	SI 5
	Utilize mathematics, organizational tools, and graphing skills to solve problems (SI-H-A3) (Analysis)

	SI 6
	Use technology when appropriate to enhance laboratory investigations and presentations of findings (SI-H-A3) (Comprehension)

	SI 7
	Choose appropriate models to explain scientific knowledge or experimental results (e.g., objects, mathematical relationships, plans, schemes, examples, role-playing, computer simulations) (SI-H-A4) (Application)

	SI 15
	Analyze the conclusion from an investigation by using data to determine its validity (Evaluation)


	Purpose/Guiding Questions:

· Describe the nature of waves
· Explain why waves are critical to energy transfer
· Differentiate among wave types
· Diagram and give examples of wave interactions with other waves and with matter including constructive and destructive interference, behavior of waves at boundaries, and the Doppler effect
· Do calculations for reflection and refraction of waves
· Label the parts of a wave
	Key Concepts/Vocabulary:

· Parts of a Wave
· Laws of Reflection and Refraction
· Interference
· Wave Types
· Doppler Effect
· Sound & Light

	Assessment Ideas:

· Lab Reports and Rubrics
· Practice Problems

· Written Tests

· Self & Peer-Evaluations

Activity-Specific Assessments:

· Activity 27
	Resources:

· Slinky®
· Meter stick
· String
· Dropper pipettes

· Clear plastic tray/ripple tank
· Overhead
· Protractor and ruler
· Flashlight
· Plane-polarized film
· Graduated cylinder
· Hollow tube (glass or plastic)
· Rubber mallet
· Tuning fork
· Hot and ice water
· Calculators
· Thermometer or temperature probe
· Problems (textbook or worksheet)
· Foam ball with battery powered buzzer 
· Fog horn/air horn
· Insulated mitts
· BLMs


Instructional Activities

Note:  Essential activities are key to the development of student understandings of each concept.  Substituted activities must cover the same GLEs to the same Bloom’s level.

**Essential Activities:  Activities 27, 28, 29, & 31

**Optional Activities:  Activity 30 

Activity 27:  Snakey Spring Lab  (SI GLE: 7; PS GLEs: 25, 26) (CC Activity 1)

As an introduction to the unit, the nature and composition of waves should be presented. A large flexible snakey spring (similar to a Slinky®) is needed for the activity; a large oversized model is available through science supply houses. This activity requires two students to manipulate the spring while the rest of the class observes and collects data. A class of 20 students can observe more effectively if divided into two groups with two springs and two pairs of spring holders. To one end of each spring, securely tie a piece of string about 30 cm long. This will represent a medium change. The major safety concern for this activity is not student injury as the elasticity of the springs produces very little force. The danger is to the springs themselves; caution the student holders that if they let go of the extended springs, they will very likely become entangled beyond repair. Before venturing into the selected space where the activity will be conducted,  ask students to be sure to observe the following:

(a) one pulse moving down the line and being reflected when hand-held on both ends 

(b) one pulse moving down the line and being reflected when one end is held by the string 

(c) one pulse moving to the right and one moving to the left – what happens the instant they meet and what happens after they pass?  (If your students have trouble seeing this, generate one large pulse, the other small.)

(d) both pulses on the same side – what happens at the instant they meet and what happens after they pass? 

(e) Generate a longitudinal wave pulse by bunching up one end of the spring and releasing it; observe the difference between transverse and longitudinal waves.

Have two students move several meters apart and sit on the floor. Show them how to generate a single pulse by pulling the spring to the side and releasing it. Students should record all observations for transverse pulses and then generate longitudinal waves to observe the difference. During the process, ask them to attempt to produce pulses that travel at different speeds. After students have completed observations, proceed with presentation of diagrams of wave interactions and have them discuss in their conclusions the discrepancies between what they thought they observed and what the literature says they should have observed. Some students may want to repeat the pulse interactions to confirm literature descriptions. This is a good opportunity to point out to students that making a single set of observations alone may not be adequate when studying a new phenomenon. It is often necessary to look at the literature explanation and repeat the experiment before valid conclusions are reached. Remind them of the previous difficulties with centripetal force observations. Have students record their observations in their science learning logs (view literacy strategy descriptions) and turn in with the copy of the Observation of Wave Interactions in a Snaky Spring BLM. It may be used by the teacher as the grading rubric.

This activity should be followed by a thorough explanation of the nature, composition and behavior of waves. Students will have observed that a medium change will affect the special orientation of waves and that the speed cannot be changed within a particular medium. Use this as a basis for introducing the effect of different media on wave properties. Calculations for frequency, period, and velocity should be modeled followed by a problem assignment. Include sketching and labeling waves to show amplitude and wavelength.

Activity 28:  Interference, Diffraction and Polarization Demonstration (CC Activity 7)

(SI GLEs: 5, 7, 6; PS GLEs:  28)

Question students about observations they have made that are related to behavior of the surface of water when it undergoes a disturbance. They will probably recall throwing stones that cause concentric circles, observing ducks swimming through still water, forming compressed semicircles in front of them and leaving a V shaped wake behind them. They may have observed the semicircles formed by water moving through a narrow opening between two bodies of water or running through openings in river locks. Ask them how sunglasses work; they will say the lenses filter light, but probe to try to get them to speculate about the filtering process.

Instruct students to record observations and draw sketches of the following demonstrations in their science learning logs (view literacy strategy descriptions) for future reference. Use dropper pipettes and a clear plastic tray filled with about an inch of water and place on the overhead projector to demonstrate interference. Release single drops of water and observe the concentric circles with light and dark crests and troughs. Dark areas are clearly areas of destructive interference while bright areas are those of constructive interference.

Place blocks in the center of the tray, leaving small gaps between them. Use a ruler or some such device to generate a wave front. Students will observe that the wave front becomes semicircles as it passes through the narrow openings and that these semicircles exhibit constructive and destructive interference as the interact on the other side of the barrier.

Place two pieces of plane-polarized film on the overhead and rotate one to show that the amount of filtering changes as the orientation of the two changes.

Once students have observed these wave behaviors, they should be receptive to exploring the mechanisms by which they occur and the role they played in the development of light theory. This is a good introduction to the Activity Eight research activity that explores how observations of these and other behaviors spurred scientists to explore the nature of light.

 As a follow-up, have students construct the resultant pulse produced when two wave pulses undergo constructive and destructive interference. If a calculator or computer interfaced light probe is available, students may use these to complete an activity to test the effectiveness of polarized sunglasses as compared to regular sunglass lenses.

Activity 29:  Resonance Demonstration (CC Activity 9)

(SI GLEs: 6, 15; PS GLEs: 25, 33) 

After an introduction of the properties of sound, demonstrate how to use the principle of resonance to determine the speed of sound in air. You can also demonstrate how the speed of sound changes with temperature. Fill a graduated cylinder with hot water and insert a hollow glass or plastic tube into the cylinder. Strike a tuning fork with a rubber mallet and hold it over the open end of the tube. Raise and lower the tube into the water until the point of loudest sound is located. Have students record the length of the tube above the water; this length is one fourth of a wavelength or four times the length above the water is equal to one wavelength (4L = λ). Also have them record the air temperature in the middle of the glass tube and the frequency of the tuning fork. Repeat the process with ice water in the graduated cylinder. Using the equation v = fλ, ask students to calculate the experimental speed of sound in air. Discuss the findings and ask students to write and defend a conclusion based on their data and calculations. Then give them the conversion factor for temperature adjustment of the theoretical speed of sound in air and have them compare their experimental speeds with the accepted values and calculate experimental error. If electronic temperature and sound probes are available, these may be used to collect temperature and sound data. Follow this activity with teacher modeling of problems involving production of sound by musical instruments and the travel of sound in different media. Students should then complete practice problems. 

Activity 30: Doppler Effect Demonstrations (CC Activity 10) 

(SI GLE: 7, 14; PS GLE: 35)

Begin the activity with a discussion of the Doppler shift, the shortening of sound waves and the resultant increase in frequency due to compression of the waves by the source of the sound as it moves toward a stationary observer. Students may be familiar with Doppler radar and sonic booms and they have observed the apparent shift in pitch of vehicles with sirens as they move along the street. Challenge them to come up with other examples which may include bats who send out radar signals to locate flying insects, the use of the Doppler Effect in medicine to detect fetal heartbeat and arterial obstructions to blood flow. Astronomers also use it to determine whether or not stars are moving toward or away from our galaxy. 

A simple method of demonstrating the Doppler shift is by moving a point source across a ripple tank or a transparent tray of water on an overhead projector. This may remind students of observing water birds swimming across still water. Other methods are to obtain a loud battery powered buzzer and put it inside a foam ball so it does not break if accidentally dropped. Ask two students to toss the ball while observers try standing at various points between the two. Another very effective method, if available, is to have students stand in a group out-of-doors and select the fastest runner to run past them sounding a fog horn. (Be sure the fog horn holder has insulated mitts, since the can containing the propellant will get very cold – a good illustration of the Joule-Thompson effect.)  Follow this with a mathematical model of the Doppler shift and assign student problems.

Activity 31:  Solve Problems Involving Different Types of Waves and Different Media 
(CC Activity 11) (SI GLE: 5; PS GLEs: 4, 25, 27, 28, 32, 33, 35)

Students should refer to their vocabulary self-awareness chart (view literacy strategy descriptions) and their RAFT-generated time line (view literacy strategy descriptions) throughout the unit review. Begin by reviewing with students the different types of problems in the unit that represent concepts requiring a mathematical analysis. For example, there are problems involving wavelength, frequency, and speed of sound and light, resonance in hollow and open tubes, harmonics, beat frequencies, refraction, reflection, law of mirrors and lenses, and magnification. Once the problem types have been identified, ask students to form groups of five. Each group should identify a problem from previous assignments, their textbook or a teacher generated set of problems with answers.  They will then solve this set of problems using a story chain (view literacy strategy descriptions). Ask each student to identify and select a problem and pass it along to a second student who will identify the known variables and the unknown variable to be solved. The third person will select the proper equation and isolate the unknown. The fourth person will plug in the numbers, cancel units, and do the math calculation. The fifth and final person will check the use of dimensional analysis, making sure all units are correct and properly canceled, round to the correct numbers of significant digits, and check the answer for correctness. They may stop and discuss difficulties as they arise. Remind students that they are also expected to know how to draw and label wave phenomena including reflection, refraction, and constructive and destructive interference. These practice exercises should be added to their study lists. 

Unit 5 Concept 2:  Light Applications

GLEs

*Bolded GLEs must be assessed in this unit

	PS 34
	Compare the properties of the electromagnetic spectrum as a wave and as a particle (PS-H-G3) (Synthesis)

	PS 26
	Evaluate how different media affect the properties of reflection, refraction, diffraction, polarization, and interference (PS-H-G1) (Evaluation)

	PS 27
	Investigate and construct diagrams to illustrate the laws of reflection and refraction (PS-H-G1) (Analysis)

	SI 3
	Plan and record step-by-step procedures for a valid investigation, select equipment and materials, and identify variables and controls (SI-H-A2) (Anaylsis)

	SI 5
	Utilize mathematics, organizational tools, and graphing skills to solve problems (SI-H-A3) (Analysis)

	SI 6
	Use technology when appropriate to enhance laboratory investigations and presentations of findings (SI-H-A3) (Comprehension)

	SI 7
	Choose appropriate models to explain scientific knowledge or experimental results (e.g., objects, mathematical relationships, plans, schemes, examples, role-playing, computer simulations) (SI-H-A4) (Application)

	SI 8
	Give an example of how new scientific data can cause an existing scientific explanation to be supported, revised, or rejected (SI-H-A5) (Analysis)

	SI 9
	Write and defend a conclusion based on logical analysis of experimental data 
(SI-H-A6) (SI-H-A2) (Evaluation)

	SI 11
	Evaluate selected theories based on supporting scientific evidence (Evaluation)

	SI 14
	Cite examples of scientific advances and emerging technologies and how they affect society (e.g., MRI, DNA in forensics) (SI-H-B3) (Synthesis)


	Purpose/Guiding Questions:

· Solve problems involving the movement of sound and electromagnetic waves through different media
	Key Concepts/Vocabulary:

· Electromagnetic Spectrum

	Assessment Ideas:

· Lab Reports and Rubrics
· Practice Problems
· Written Tests
· Self & Peer-Evaluations
· Research Project
· Oral Presentations
Activity-Specific Assessments:

· Activities 32, 35, & 36
	Resources:

· Safety glasses
· Research Materials, BLMs
· Technology resources for presentations
· Mirror (large)
· String
· Flashlight or light source
· Ruler
· Unlined paper
· Push pins
· Safety goggles
· Calculators
· Problems (textbook or worksheet)
· Protractor
· Candles
· Optical bench
· Concave and convex mirrors and lenses
· Mediums
· Clear container/ripple tank
· Powdered milk or solid for suspension


Instructional Activities

Note:  Essential activities are key to the development of student understandings of each concept.  Substituted activities must cover the same GLEs to the same Bloom’s level.

**Essential Activities:  Activities 32, 35, & 36

**Optional Activities:  Activity 33 or Activity 34 or Activity 37

Activity 32:  Research the History of Light (CC Activity 8)

(SI GLEs:  6, 8, 11, 14; PS GLE: 32, 34)

In this activity, students will have an opportunity to research the history of the development of light theory and the impact this has had on society. They will trace the evolution of our understanding of the differences and similarities between mechanical and electromagnetic waves. Divide the research into time periods and allow students to work in groups. For example, groups might be divided into pre-15th, 16th, 17th, 18th, 19th, 20th, and 21st centuries; additional groups might work on the impact related discoveries have had on the scientific world and our daily lives. Students should prepare a presentation of their findings, using technology, if available. A possible format to be used is RAFT writing (view literacy strategy descriptions). RAFT writings give students the freedom to approach learning from a new perspective, to assume the role of writer, and to approach a concept from this new perspective. The topic (T) would be the history of light theory and its impact on our modern culture. The product could be in the form (F) of press releases to the local news media. Some groups could take the role (R) of on-the-spot news reporters while others could become time travelers (R) following the scientific breakthroughs into the future to assess their impact on the world. The audience (A) would be the readers of the news items, in this case their classmates. At the conclusion, the class should bring the research findings together and make a time line that can be displayed in the classroom. This time line can be referred to throughout a class discussion of light theory based on student RAFT products that extend from Newton and his particle theory through early wave theory and on to the modern wave/particle duality concept. 


Activity 33:  Plane Mirror Demo (CC Activity 2)

(SI GLE: 7; PS GLE: 27)

Place a mirror (the largest available) on a desk in the front of the room. Ask students to predict where the light will fall when a student shines the flashlight at the image of a student in the mirror. Then have a student to do so. The light will fall on the target student. Have three students take a long piece of string and use it to trace the path of the flashlight beam to and from the mirror, and measure the angles formed on the face of the mirror. Have students attempt the process by shining the light directly perpendicular to the mirror face and at different angles. Students should sketch and label their findings in their science learning logs (view literacy strategy descriptions). This is a good introduction to the unit since it demonstrates the law of mirrors that states the angle of incidence equals the angle of reflection. 

Activity 34:  Plane Mirror Lab (CC Activity 3)  

(SI GLE: 7; PS GLE: 27)

In this activity, students first practice using sight lines to locate a virtual image in a plane mirror. Once they have mastered this, they use sight lines to locate the three vertices of a scalene triangle and then construct the triangle and compare it to the mirror image. (The scalene triangle makes it possible to see the left-to–right reversal.) Using the same idea introduced in Activity 2, explain to students that if they sight along an imaginary line from an object to its image in the mirror, they can locate the image. However, to quantitatively locate an image or a point, they need the intersection of two lines. Students will need a plane mirror supported so that it stands perpendicular to the countertop, a ruler, a sheet of unlined paper and a pushpin. 
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Student directions: Position the paper with one half behind the mirror and draw a line to locate the placement of the mirror. On the front half, draw a dot roughly in the center of the exposed paper and place the pushpin over the dot to increase its visibility. Put on your safety glasses. To find a sight line, place your eyes level with the countertop. Move your head slightly to the right of the pin and observe the image of the pin. If you have difficulty, close one eye. Use the ruler to mark the line of vision between your eye and image in the mirror; draw along this line. Now move your head slightly to the left of the pin and repeat the process. Remove the mirror and extend the two lines until they cross; this represents the location of the image. Draw a line from the location of the object to the point where the two lines cross. Measure the distance of the object from the mirror and the distance of the image from the mirror; these should be equal. Now measure the angle between the mirror face and the image-object line; this should be 90o. Calculate the percent error by using the distance of the object in front of the mirror as the accepted value and the line distance of the image behind the mirror as the experimental value. If your error is 5 % or less, you are ready to proceed. If your error is greater than 5 %, ask your teacher for assistance and attempt a second trial. Once your error is acceptable, repeat the process with a clean sheet of paper and instead of a single dot, draw three dots that will form the vertices of a scalene triangle (do not draw the triangle yet). Label your dots, draw two sight lines for each dot and label them to match your dots. When the sight lines are in place, remove the mirror, extend the lines and use their intersection points to construct a triangle. Use your dots in front of the mirror to form a second triangle. Observe the two triangles and record your observations. Measure and compare the angles and sides; with the front triangle as the accepted, calculate error using either angles or sides. In your conclusion, formulate a statement that describes all aspects of the images formed by plane mirrors. Include a statement of the law of reflection.

Activity 35: Concave/Convex Mirror and Lens Lab (CC Activity 4)

(SI GLEs: 5, 14; PS GLE: 27)

As an introduction to the activity, ask students to conduct a brief search of the literature to learn about the development of the science of optics. Instruct them to include the role that the advancements in optics technology have affected society. Also, point out to students that scientists conduct investigations by using many methods such as they will be doing in this activity. These include literature survey, observation, and experimentation. They should include their findings in the introduction portion of their lab reports.

This activity is a traditional mirror/lens lab found in most physics lab manuals. It should include sample data tables that will guide students in collecting a suitable amount of data. First, students need to know the parts of a mirror and lens (focal length, focal point, center of curvature, vertex, principal axis). Students should use an optical bench with a lit candle as the object to determine the relationship between the focal length, size and location of the object to the size and location of the image produced. Data should be recorded in table form. When students examine the data, they will realize that concave mirrors behave in a very similar manner to convex lenses and that convex mirrors form the same kinds of images as concave lenses. As a follow-up, the teacher should model suitable problem solving techniques, and students should be presented with problems that require them to locate position of images and their sizes by constructing ray diagrams and by mathematical calculations. 

Activity 36:  Refraction Lab (CC Activity 5)
(SI GLEs: 3, 9; PS GLEs: 26, 27) 

Given the general research question, “Does the medium affect the refraction of light?” ask students to develop a hypothesis and then design and carry out an experiment that will answer the research question. Students should research the question and include this in the introduction. The procedure should allow for comparison of at least two different media and include sketches of experimental design. Quantitative data in the form of angle measurements should be collected. Ask students to use the grading rubric and the Science as Inquiry GLEs 3, 4, and 9 to develop a specific research question and then plan and carry out the activity, recording the investigation in their science learning log (view literacy strategy descriptions). This report will include background information, formulation of a research question, a hypothesis, materials list, safety concerns, clear steps for the experimental design, data processing and analysis, and a conclusion that focuses on whether or not the data supports the hypothesis.  The analysis should consist of calculations including experimental error and ways to reduce error. The conclusion portion should clearly state the evidence that supports the conclusion drawn. Follow this with an assignment of refraction problems using Snell’s Law.

Activity 37:  Total Internal Reflection Demonstration (CC Activity 6)
(SI GLE: 7; PS GLE: 27)

Fill an aquarium or other clear square or rectangular container with water and add some solid such as powdered milk that will produce a suspension. At this point, students have gained knowledge about refraction and reflection of light but may not be aware of the interesting phenomena of critical angle and total internal reflection. Ask students to predict what they think the possible paths of the light will be when the lighted pointer is directed to the suspension. Then, using a flashlight or a laser pointer (which works best), locate the critical angle and the angle of total internal reflection. As each of these is demonstrated, challenge students to explain what is occurring in terms of what they have learned about the behavior of light.  Have them sketch and label each of the three phenomena in their science learning logs (view literacy strategy descriptions). Ask whether or not anyone has observed examples of these in the real world. Students who are swimmers may have observed these phenomena while swimming underwater but may not be aware of the mechanism. 

Sample Assessments

General Guidelines

Assessment techniques should include the use of scale drawings, models, sketches of lab set-ups, laboratory investigations with reports for which students have been given the grading rubric in advance, performance-based assessments including projects and oral and written research reports, reflective assessment including group discussion and analysis of laboratory work, and traditional summative assessments including paper-and-pencil quizzes and tests. Assessments could include the following:

· Students should be monitored during activities and the teacher should make note of pertinent observations. This may be done in the form of journaling or an observation rubric.

· All student-generated work should be evaluated.

· Use a rubric to assess student proficiency in all laboratory techniques and skills including social/group skills.

· A format for writing laboratory reports should be provided by the teacher. Students should write reports including analysis of the significance of the activity as it relates to the concept being studied.

· When appropriate, students should be given the opportunity to help develop grading rubrics.

· For multiple-choice items on written tests, allow students to justify their responses. This may identify poorly written test items as well as student misconceptions.

· Students should be given opportunities to evaluate their own work and progress through journaling and/or as part of their laboratory reports.

General Assessments

· The student will describe the nature of waves and differentiate among wave types

· The student will label parts of transverse and compressional waves.

· The student will diagram and identify by type interactions wave interactions with other waves and with matter. Explain significance of the capability of waves to transfer energy.

· The student will solve problems involving reflection, refraction, and movement of sound and electromagnetic waves through different media.

Resources

Videos
· www.unitedstreaming.com
Elements of Physics: Light: Optics and Electricity - discussion of reflection, refraction, and speed of light appropriate for this unit.

A World of Motion: The Photon Model of Light - topics are blackbody radiation, photoelectric effect, Maxwell’s model, new modern model for light.

Special Theory of Relativity 

Light, Optics and Electricity - reflection, refraction, electromagnetism, speed of light, and electricity in telecommunications.

Sound and Electromagnetism - energy propagated as waves; wave/particle duality.

Lesson Plans

· www.scilinks.org
Electromagnetic Spectrum: Electromagnetic Waves - a dialogue between a scientist and a non-scientist and includes games and demonstrations that teach the student about electromagnetic radiation.

· http://phet.colorado.edu/web-pages/simulations-base.html
- waves on a string
 Name/School_______________________________             Grade ________________________


Feedback Form
This form should be filled out as the unit is being taught and turned in to your teacher coach upon completion.
	Concern and/or Activity Number
	Changes needed*
	Justification for changes 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


* If you suggest an activity substitution, please attach a copy of the activity narrative formatted like the activities in the APCC (i.e. GLEs, guiding questions, etc.).
Assessment


The emphasis for this activity should be on whether or not the students can resolve the differences between their observations and the wave behavior predicted in the literature. Use the CC Activity 1 Observation of Wave Interactions in a Snakey Spring BLM to assess the students understanding.





Assessment


	This activity may be assessed using the research rubric from Unit 2 CC Activity 8, titled The History of Gravitational Theory BLM, which is suitable for a research project. It will require some modification but that is easily done since the basic rubric is in place.





Assessment


Since students are provided with a procedure that includes data tables, blanks to fill in, questions to answer, and applications, the teacher should make a key from the handout and use it to score the lab results.





Assessment


See the Lab Report Rubric:  Refraction Plan a Lab BLM as a possible rubric for the activity requiring students to plan a lab to answer a research question. This may be modified to meet your individual classroom needs.
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