2

Thomas Wojtkowiak
Light and Color
11th and 12th Grade Physics
Subject area description:

It is important for students to understand how light is a form of energy that can be described using both wave characteristics and particle characteristics.  The color of an object can be described by which frequency of light it reflects or transmits.  Students encounter light and color constantly during their daily lives and are phenomenon manipulated and experienced in countless ways for survival and pleasure.  For example, light and color are integral parts of the television screen, sunlight, laser shows, car headlights, neon signs, and almost any interaction a student has during their normal day.  Light can also be harmful if it is not used properly or with protection.  To better understand light, students need to understand how light behaves as a wave and how it also behaves as a particle.  After this duality is realized, students will be able to relate light behavior to their previous topic of study, waves, which is the phenomena most commonly used to describe light.  Then, students will be able to extend their knowledge of light to understand how color is perceived in our mind as different frequencies of light that are reflected or transmitted by other objects.  This knowledge will prepare students to better manipulate light and have a better understanding of why light behaves as it does supporting EALR 1.1.3.  The students will then be more literate citizens understanding concepts such as:  how light reaches their eyes from the television (computer screen, LCD monitor, stop light), what is the difference between sunlight and street lights, why clothing colors can change under different lights, how the Hubble Space Telescope can detect distant objects that could have been formed near the big bang, and many more.  This comprehension can then be used in the next unit on light reflection and refraction.  Students learn about energy in their environment; waves transfer energy from one location to another through many forms including sound, light and other forms of electromagnetic waves, water and earthquake waves.  This unit on waves is preceded by a unit on the laws of motion, which gives students the background to understand how energy is conserved and relate that conservation to the transfer of energy through waves.  The study of light and color will lead into light reflection and refraction including the study of lenses.    This will be followed by electrostatics and finally Einstein’s theory of general relativity.  These concepts are all important for students to better understand our world and to support the school district’s Essential Academic Learning Requirements (EALRs).
Subject Area Description:
This unit of instruction will be taught to three classes of approximately 30 students each consisting of mostly seniors with a few juniors.  It will cover two weeks of instruction over eight class periods.  The Monday/Friday classes are 53 minutes in length, while Tuesday/Wednesday/Thursday classes are blocked in which students will have Physics two out of the three days for 75 minutes each period.  Physics is a science lab course satisfying the school’s graduation requirement that each student must pass a minimum of two science lab courses.  This requirement may be increased to three courses in the future.
Critical Attributes:

1. Light exhibits characteristics that have both a wave and a particle nature, but most everyday phenomenon can be explained in terms of wave nature (i.e. polarized light).
2. Light sources that are moving with respect to the observer will shift the frequency of the light.

3. Visible light is energy that travels as an electromagnetic wave within a narrow band of frequencies that makes up a small part of the electromagnetic spectrum.
4. Light is produced by vibrating electric charges in atoms and can pass through objects whose atoms are able to absorb the energy and immediately re-emit it as light, otherwise its energy is absorbed and changed to random kinetic energy of the atoms.

5. The color of an object is due to the color (frequency)of light it reflects (if opaque) or transmits (if transparent).

6. Color mixing by addition is the mixing of light of different frequencies, while color mixing by subtraction is the mixing of color paints or dyes, which absorb most frequencies except for the ones that give them their characteristic color.

7. All elements emit electromagnetic radiation, atoms of each element have characteristic line spectra that can be used to identify that element.
Essential questions and content and skills necessary to answer the EQ’s:

1. Why do polarized sunglasses help me see better near the water or on a ski slope?  In order to answer this question, students need to understand that light can be explained as a transverse wave that bounces off of shiny surfaces.  In the case of water and snow, the light bounces off of the surface to the person’s eyes.  The polarizing filter in sunglasses blocks transverse rays of light that are vibrating perpendicular to the polarization axis, thus blocking the rays bouncing off the surface and reducing “glare.”
2. How can light from distant galaxies allow astronomers to conclude that the universe is expanding?  In order to answer this question, students will have to understand how the Doppler Effect also applies to light as a wave.  Students will also have to understand how all elements emit electromagnetic radiation and that atoms of each element have characteristic line spectra that can be used to identify that element.  These line spectra have been observed by astronomers from many different objects and all have a red-shift, which has led to the theory that everything is expanding or moving away from us.
3. What would be the best type of lighting to have in different rooms of your house?/Why do the pants I bought in the store look different when I am outside?  Students will have to understand how all elements emit electromagnetic radiation and that atoms of each element have characteristic line spectra that can be used to identify that element.  When different atoms are excited, they give off a characteristic light spectrum.  The colors that we see are dependent upon what colors are reflected by an object.  However, if only a limited amount of colors are emitted by a source, then the color we see is dependant upon what color frequencies first hit the object.  Students have to understand the additive property of mixing light of different frequencies.
Learning goals and objectives:

1. Students will be able to demonstrate an understanding of the wave characteristics of light and understand that light can also be described as a particle.
1.1. Students will provide evidence for the wave behavior of light.
1.2. Students will be able to explain how visible light is energy that travels as an electromagnetic wave within a narrow band of frequencies that makes up a small part of the electromagnetic spectrum – all EM radiation travels at the speed of light.
1.3. Students will be able to predict how polarized filters use the wave characteristics of light to transmit light waves that are parallel to the polarization axis of the filter.
1.4. Students will be able to explain how light sources moving with respect to the observer will shift the observed frequency of light.
1.5. Students will be able to show how light can act as a fast moving particle through the use of light images and shadows.
2. Students will be able to define light as a transfer of energy focusing on the effects of absorption.  Physical Science EALR 1.2.3 – Understand many forms of energy (such as light energy) as they are found in common situations on earth and in the universe.
2.1. Students will be able to provide evidence that light energy absorbed by an object increases the temperature of the object.

2.2. Students will be able to explain why different colors of light transmit different amounts of energy.
2.3. Students will be able to describe how light is produced by vibrating electric charges in atoms and can pass through objects whose atoms are able to absorb the energy and immediately re-emit it as light, otherwise its energy is absorbed and changed to random kinetic energy of the atoms.

2.4. Students will understand that all elements emit electromagnetic radiation, atoms of each element have characteristic line spectra that can be used to identify that element.

3. Students will understand that colors are based on the human perception of different frequencies of light.
3.1. Students will understand that the color of an object is due to the color (frequency) of light it reflects (if opaque) or transmits (if transparent).

3.2. Students will be able to predict the result of mixing different colors of light based on the model of mixing by addition.

3.3. Students will be able to predict the result of mixing different colors of paints or dyes based on the model of mixing my subtraction.
4. Students will develop abilities necessary to do Scientific Inquiry (EALR 2.1)

4.1. Students will build a knowledge base to prepare for inquiry

4.2. Students will generate questions that can be answered through scientific inquiry

4.3. Students will analyze questions that guide scientific investigations

4.4. Students will formulate scientific explanations and models based upon logic and evidence

4.5. Students will revise his/her model based upon appropriate data and evidence

5. Students will develop a deeper appreciation for the applicability of science in their lives.  Goal for each class period.
5.1. Students will construct scientifically based answers to essential questions that relate directly to their lives.

5.2. Students will apply their understanding of light and sound by bringing in examples from current media that demonstrate an application of light and color principles.  Encouraged throughout the unit.
Unit Matrix

DAY 1 – 53 MIN – Introduction to Light/Color and Inquiry
	1. What students are doing
	1. (Phase I Inquiry – Hooking students and building knowledge base)  Students will first view a demo involved with a laser, mirrors on a speaker and chalk dust as an introduction hook to light and color.  Students will first work in their journals to create KWL (Know, Wonder, Learn) chart on light and color.  They will share their work as a class to create a collective KWL chart.  
2.  Students will then view a quick demo on the overhead with polarization filters with the opportunity to explain what is happening.  Then they will break into groups to work on a Polarization discovery lab based on guided inquiry


	2. Objectives 
	1.3 Students will be able to predict how polarized filters use the wave characteristics of light to transmit light waves that are parallel to the polarization axis of the filter.

4.1  Students will build a knowledge base to prepare for inquiry



	3. Reasons for content and instructional strategy
	I chose to start out my unit on Light and Color with a KWL chart because it is a good strategy to elicit student ideas on the topic and discover possible misconceptions.  There are no right or wrong answers and students are given a chance to first write in their journals/notebooks so that they can collect their thoughts before discussing as a group.  In each class there are several students that really understand and catch onto the material quickly and can dominate the discussion.  In this way, each student has the chance to form their own ideas first and then the instructor can call on a range of students to collect input.  This information will then be used to adjust the following lessons so that they are more applicable to all students.
The discovery polarization lab allows students to start working with features of light in a hands-on manner.  The lab will encourage students to use their observations along with some critical descriptions of the filters to start building a model of light as a wave.  This is a good starting point for light as most observable characteristics of light can be described using the wave model.  All students will be able to participate in this activity because it does not require any prior knowledge.


	4. Evidence of understanding
	1. The collective KWL chart.  One student will act as a class recorder so that the instructor will have a record of the KWL chart for each period.  Students will be informally assessed on their input to the collective KWL chart.
2. Students will work in groups to interpret the behavior of light as a wave using the discovery polarization lab.  Students will complete questions during the lab to demonstrate their understanding.  The instructor will informally assess students by visiting each group and then revisiting this topic at the start of Day 2.


	5. Resources
	Laser, speaker with mirror taped on, chalk dust, polarized filters for demonstration and class set of polarized filters.



DAY 2 – 75 MIN – Evidence for Light as a Wave
	1. What students are doing
	(Phase I Inquiry – Link student’s knowledge to models)  Students will start the class period with a question on the overhead asking them to predict the outcome for a given arrangement of polarized filters.  Students will then revisit the polarization activity from Day 1 by answering guided questions in a class discussion setting that allows each group to give input regarding their understanding of how polarization filters work.  This will help build the model of light as a wave.  Students will be asked why photographers use polarized filters and why good sunglasses are polarized.
Following the discussion, students will be given a passage called “Microscopic Weirdness” from Brian Green’s Elegant Universe to read along with a worksheet to help them focus on specific aspects of the passage.  Students will then view a demonstration of a 1-slit/2-slit experiment with light and photons from http://www.phschool.com/science/cpsurf/sound-light/4simu.html.  Students will be asked for predictions before each demonstration is shown with a discussion to justify their predictions.  Students will be asked for evidence to describe light as a wave and then this will be supplemented with historic scientific endeavors to tie students’ activity to authentic modeling.


	2. Objectives 
	1.1  Students will provide evidence for the wave behavior of light
4.2  Students will analyze questions that guide scientific investigations


	3. Reasons for content and instructional strategy
	Starting Day 2 with an activity that further builds the students’ model of light as a wave is a good method to bring student thinking back to light, tie their thinking back to the prior day and continue the concept of model building.  Students will then have to answer authentic questions about practical uses of polarization to develop connections between the theoretical model and practical uses of this knowledge.
The microscopic weirdness passage gives students the opportunity to compare their developing model of light as a wave with current published support of this theory.  The intent here is to help them further refine the concept of why light behaves as a wave.  They have previously studied wave behavior and worked with ripple tanks to observe the behavior of waves through slots.  This reading and demonstration uses their prior knowledge to continue to develop the model of light as a wave.

	4. Evidence of understanding
	Students will write predictions in their notebooks to start the class demonstrating their understanding of polarized filters.  After this, groups will give evidence through their observations of how light behaves with polarized filters that supports the model of light as a wave.  
Students will turn-in their worksheets following the reading to provide evidence for a link between their prior knowledge of wave behavior and light through a 2-slit experiment.


	5. Resources
	Polarized filters, 3 picket fence sections with rope to demonstrate the concept of polarized filters and light as a wave.
Laptop for the web-site demonstration of a 1-slit/2-slit light experiment.



DAY 3 – 75 MIN – Images and Shadows
	1. What students are doing
	(Phase III – Guided Inquiry Investigation)  Students go through an inquiry packet around images and shadows.  Students will work in groups to understand the physics behind image formations and shadows.  Students will record the results of their investigations in their notebooks.  Together as a group, they will need to develop a model to use that will predict the image formed based on a given situation at the end of class.  This is a longer class period, so they will have time to work through a hands-on activity of model building.


	2. Objectives 
	1.5 Students will be able to show how light can act as a fast moving particle through the use of light images and shadows.

4.3 Students will formulate scientific explanations and models based upon logic and evidence.


	3. Reasons for content and instructional strategy
	Students have previously modeled light as a ray in that it moves in a straight line.  This hands-on activity takes the prior understanding students have and guides them through activities they have witnessed before, but probably not analyzed for the physical concepts involved such as light coming through the holes in Venetian blinds or other similar image formations.  Working with shadows also gives students exposure to physical concepts in common experiences.  The “Physics by Inquiry” method is a good strategy to use at this point because the material is not too complex, but students can construct the idea of light as a particle model for themselves through a guided inquiry exercise.  This concept prepares students to discuss light rays in regards to reflection and refraction in the following unit.  The concept of shadows will be revisited during the color section of this unit.


	4. Evidence of understanding
	The instructor will ask guided questions as he visits each group to determine the level of understanding and to further develop the model-building aspect of this activity.  Students will provide evidence of understanding by predicting the image formed during a follow-up activity at the end of class.  Groups will be responsible for turning in their description in words of how an image is formed based on their observable evidence they collected during the inquiry.

	5. Resources
	Inquiry packet: Images and Shadows. 
Material for Inquiry:  Light bulbs (short filament and long filament), batteries, white paper screens, paper masks with different shaped holes, shadow box.



DAY 4 – 53 MIN – Electromagnetic Spectrum
	1. What students are doing
	(Phase IV – Analyzing Data)  Students will be asked if they have ever felt a temperature change due to light and if the color of light might change their temperature?  Students will be asked to come up with a prediction.  Students will be shown an experiment that was conducted to test how different colors affect the temperature of an object and the data collected.  The experiment consisted of using a prism to separate light into the spectrum.  Thermometers with black bulbs were placed under the different colors and one was used as a control just outside of the red color.  They will be given multiple data sets and asked to find the mean for each set of data.  Students will discover different colors produce different temperatures, but the thermometer just outside the red registered the highest temperature!  Students will graph this data and analyze the results in a group.  Based on their data, and given a hand-out on the Electro-magnetic spectrum, they will be asked to come to make a conclusion as to why different colors produce different temperatures and to justify why the thermometer outside the red had the highest temperature.
The class will come together as a group to share their conclusions.

	2. Objectives 
	1.2 Students will be able to explain how visible light is energy that travels as an electromagnetic wave within a narrow band of frequencies that makes up a small part of the electromagnetic spectrum – all EM radiation travels at the speed of light.
2.1 Students will be able to provide evidence that light energy absorbed by an object increases the temperature of the object.
2.2 Students will be able to explain why different colors of light transmit different amounts of energy.


	3. Reasons for content and instructional strategy
	Ideally, this experiment would have been performed by the students using an inquiry process to take the data and make sense of it.  However, time is limited.  The purpose of this activity is to introduce students to the electromagnetic spectrum and to see that light is a part of this spectrum.  This authentic experiment was performed by Hershel in which he used a thermometer outside of the red as a control because no visible light occurred at this point.  This is an example depicting how infrared light was accidentally discovered and how scientists need to grapple with data that does not initially make sense.  This will also provide evidence to the concept that energy is transmitted through light waves from the source to an object.  Students will also gain practice graphing data and making sense out of it based on their graph.


	4. Evidence of understanding
	Each group of students will need to submit their graph and a paragraph interpreting their data by the end of class.  Time is limited, so students will have to focus to produce this evidence and stay on-task.


	5. Resources
	Prism, sunlight, box, thermometers.   Data sets for the class.



DAY 5 – 53 MIN – How do you make that color?
	1. What students are doing
	 (Phase II – Crafting questions, hypotheses, predictions and initial models/ Phase III – Conducting the investigation) Students will be in groups collecting qualitative data through two lab-type investigations.  One lab involves using different light filters with a stage light to interpret and predict how light can be mixed to produce different colors.  The second lab involves the same concept using finger-paints.  The students will be given a set of instructions to focus their efforts in both of these labs.  Each group will have to do both labs today and collect data.  They will be given an assignment to work on in-class if time permits or to finish up at home that helps them to make sense of their results.  During each lab investigation, students will need to make predictions and test these predictions.  The end result will be to formulate a model that will allow students to predict the result of mixing either two different light colors or pigment colors together.  


	2. Objectives 
	3.1 Students will understand that the color of an object is due to the color (frequency) of light it reflects (if opaque) or transmits (if transparent).
4.3 Students will formulate scientific explanations and models based upon logic and evidence.


	3. Reasons for content and instructional strategy
	Students could easily be given the models for mixing light and pigments, but that can be confusing as they are different models.  Students will be given the opportunity to construct these models for themselves through experimentation as a group.  Students will then develop a solid understanding through practical hands-on investigations that they can relate to when using their model later on.  It is an important concept to realize that the color of an object depends not only on the colors that the object reflects, but what colors of light are available for reflection.  Additionally, this is an ideal activity for students to practice model construction as the data collection is fairly straight forward and simple.  


	4. Evidence of understanding
	Student groups will need to develop a model for each situation, which will be drawn on a large piece of paper and shared during the next class period.


	5. Resources
	Light box, stage lights, several light filters, different colored objects.  
Paper, finger-paints.



DAY 6 – 75 MIN – Model building - Colors
	1. What students are doing
	(Phase IV – Analyzing data and representing it as evidence)  Students will be given time at the beginning of class to meet in their groups and develop a model to predict the color produced when different colors of light are combined as well as when different colors of pigment are combined.  They will present these models to the class.
Student models will be tested by having each group predict the color produced when different problems are presented on the overhead.

The concept that an object’s color depends on what wavelength of light is reflected by and object will be further explored with a demonstration involving a scattering tank to demonstrate why the sky is blue and why sunsets are red.  This will be followed by reading in the text with questions to further refine and tie together the concepts of how light fits into the electromagnetic spectrum and the different frequencies of light produce different colors.  This will also further refine the concepts of absorption and reflection of light energy. Students will be given a problem set to finish in class or at home and will be able to answer Why do the pants I bought in the store look different when I am outside?


	2. Objectives 
	3.2 Students will be able to predict the result of mixing different colors of light based on the model of mixing by addition.
3.3 Students will be able to predict the result of mixing different colors of paints or dyes based on the model of mixing my subtraction.
4.4 Students will revise his/her model based upon appropriate data and evidence.


	3. Reasons for content and instructional strategy
	In addition to the reasons given for Day 5, this activity gives students the opportunity to revise their model, work together in a group and test their model to make sure that it is valid.  Sharing their model gives students the opportunity to defend and explain their reasoning in scientific terms.  
The concept of an object’s color is important to understand as this phenomenon occurs constantly in a student’s daily life.  This idea of scattering and absorption is an important concept to understand how energy is transferred from a source to an object.


	4. Evidence of understanding
	Student model posters and discussion.  Student worksheet/homework.


	5. Resources
	Large paper, markers, tank of water with appropriate mixture of water and chemicals to produce a simulation of the sky.



DAY 7 – 75 MIN – Spectroscopy/Doppler Shift
	1. What students are doing
	Students will be investigating how different elements emit electromagnetic radiation with a characteristic line spectra that is unique to that element.  They will be investigating this phenomena using guided inquiry through lab exercises.  The lab will first give students the opportunity to observe the line spectra of different elements and draw the observed spectrum.  They will then be given the line spectra of an unknown combination of elements that they can identify using given spectra of known elements.  
The second part of the lab will be to relate their prior knowledge of Doppler shift studied in the sound unit to light.  This will be related to the red-shift astronomers have recorded of known line spectra from distant stars.  This shift has allowed astronomers to conclude that the universe is expanding.  Students will go through a guided inquiry and will have to turn their lab in at the beginning of the next period.


	2. Objectives 
	1.5 Students will be able to explain how light sources moving with respect to the observer will shift the observed frequency of light.
2.3 Students will be able to describe how light is produced by vibrating electric charges in atoms and can pass through objects whose atoms are able to absorb the energy and immediately re-emit it as light, otherwise its energy is absorbed and changed to random kinetic energy of the atoms.
2.4 Students will understand that all elements emit electromagnetic radiation, atoms of each element have characteristic line spectra that can be used to identify that element.



	3. Reasons for content and instructional strategy
	Spectroscopy is an important aspect of astronomy as knowledge of this phenomena has allowed astronomers to make many important discoveries and conclusions about the known universe.  Spectroscopy also ties the concepts of different wavelengths of light producing different colors to the concept of light transmitting energy as an electromagnetic wave.  Students have already learned about the Doppler effect and this is a further application of this concept.  By providing evidence that the Doppler effect is associated with light, this further reinforces the concept that light behaves as a wave.  


	4. Evidence of understanding
	The instructor will circulate between different groups to informally assess the level of understanding of the students.  Students will also produce a lab report that the instructor will evaluate at the beginning of Day 8.


	5. Resources
	Bulbs containing different elements, spectroscopy gratings or spectrometer from the UW, lab packets.



DAY 8 – 53 MIN – Tie-up/Assessment
	1. What students are doing
	Students will be given the opportunity to synthesize the concepts learned during the past two weeks in an culminating exam.  Questions will include some problem solving and essay questions in which students will be supporting their answers to the essential questions citing evidence from their experiments.  


	2. Objectives 
	All objectives


	3. Reasons for content and instructional strategy
	This exam will assess the level of understanding students have gained through their investigation over the past two weeks into light and color.  The students have investigated light phenomenon and will be able to demonstrate their understanding of these concepts and their application to real-world problems through this exam.
One of the purposes of learning science is the application of concepts to explain real-world phenomena and to answer essential questions.  Students will demonstrate their ability to bring together these concepts to answer the essential questions.


	4. Evidence of understanding
	The culminating exam.


	5. Resources
	Exam packets, color demonstration for some of the exam questions.



Additional Resources used as examples throughout the unit, to help with the creation of worksheets, and to give students interested in additional help or more information.
2) What is the best type of lighting to have in your home? At work? 

a. This would address spectrums – what spectrums do different lights produce and how does that affect the colors seen

b. http://www.lighthouse.org/resources_lighting.htm
c. Data taken could include what color do different objects look like under different lights? 

d. Intensity?

3) Why are leaves green?

a. Look at the absorption spectrum of leaves and which wavelengths of light effect the rate of photosynthesis.

b. http://www.riverdeep.net/science/biology_gateways/bg_activity_pages/catn.activityi_800041.jhtml;$sessionid$2U4UMRD4E4ZBOCQKZAASFEQKBLEAEI5G#top
c. http://www.riverdeep.net/current/2002/01/010702_color.jhtml
4) More color stuff…appelets

a. http://www.olympusmicro.com/primer/lightandcolor/java.html
b. www.colourware.co.uk/cpfaq.pdf
5) redshift site

a. http://www.physlink.com/News/021604Abell2218.cfm
6) the physics classroom – light and color

a. http://www.glenbrook.k12.il.us/gbssci/phys/Class/light/lighttoc.html
7) How far does light go?


a. http://kie.berkeley.edu/KIE/web/hf-description.html
8) More lesson plans

a. http://www.ncsu.edu/scivis/lessons/colormodels/color_models2.html
9) Light and optics

a. What would our world be like without color?  How do we use color in our lives?

b. http://acept.la.asu.edu/PiN/mod/light/colorspectrum/pattLight3.html
