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	1 Council of Ministers of Education, Canada. (1997). Common Framework of Science Learning Outcomes K-12: Pan-Canadian Protocol for Collaboration on School Curriculum. Toronto, ON: Council of Ministers of Education, Canada.


	Guiding Principles of the Unit
	

	
	To provide two-way learning experiences by integrating (a) Inuit knowledge, ways of knowing, beliefs and values and (b) present-day science knowledge, scientific processes, and scientific attitudes.

To draw upon traditional and contemporary Inuit cultural examples as contexts for students learning.

To include the local community and its people in students’ learning opportunities.

To foster language development in Inuktituk and, where required or encouraged, English.

To mentally engage students by beginning lessons with instructional strategies that draw upon students’ experiences, elicit current ideas and beliefs, and promote interest.

To provide a variety of motivating and challenging activities/first-hand experiences, some of which are student-initiated and directed.

To move from the experiential, first-hand experiences to the psychological (assist students in making sense of their investigations and data by using purposeful, instructional strategies to promote understanding, metacognitive development, and schema building).

To develop and consolidate theoretical understanding only as an extension of experiential and psychological learning experiences.

To move from concrete to more abstract ideas within a lesson and throughout a science unit.

To engage in on-going assessment of teaching effectiveness and of students’ learning of specific instructional objectives.

To foster student independence, creativity, curiosity, and critical thinking by providing opportunities for students to share their thinking, pose questions, make decisions, plan and conduct investigations, and self-monitor progress.

To provide students with opportunities to integrate ideas and skills across subject areas and to make connections between that they are learning and career opportunities. 


	Cross-Curricular Applications
	

	

	
	The unit was created with an emphasis on developing oral and written language skills within the context of light. The activities encourage student expression of their experience in written, pictorial, and oral form.

The unit has strong connections to appreciating the importance of light, both within an historical context and a contemporary context. Students are encouraged to consider how sources of light and knowledge of light have changed, informed, and improved the quality of life and the very survival of their families, members of their local community, and the inhabitants of Nunavut. The emphasis on light within a societal context is inextricably linked to an understanding of light as a science phenomenon.

Students are encouraged to explore light with the assistance of members of the community who have experience and traditional and/or contemporary expertise in the suggested activities. Sunlight, moonlight, and other sources of natural light, artificial light sources, darkness, shadows, bending light, reflecting light, and celebrating the return of the Sun are only some areas that students can develop a greater sense of their own language and culture and a rich understanding of light and the properties of light.

There are obvious connections to personal health and well-being. Teachers are encouraged to use the experience of health professionals with the community when teaching about healthy lifestyles, eye safety, and injuries that impair vision. 

The activities suggested are starting points. Broaden the focus by adding stories and activities of your own or from the experiential base of your community. 


	Progression of Conceptual ideas
	

	
	The recommended sequence for supporting student conceptual development of the phenomenon of light is suggested below. For the most part, the science concepts and scientific skills developed in the lessons are sequential. In the Grade 2 unit, The Return of the Sun, the focus was on experiences, communicating these experiences, and thinking more scientifically about the concepts addressed in the first-hand investigations and supporting narratives. In Grade 4, the focus is understanding the properties of light that are investigated in the exploration phase of the lessons and appreciating how this knowledge enables understanding and interpretation of the environment.




	Skills Development
	

	
	This unit emphasizes that the learning of science ideas is inextricably linked to the development of the processes of science. As asserted by the Northwest Territories Elementary Science Primary Program Guide, which is the legislated curriculum for Nunavut schools, science experiences should provide opportunity for the development of conceptual understanding within the context of relevant investigative experiences. Although individual scientific process skills may be emphasized in specific activities, they are to be supported more holistically in teacher-facilitated or student-directed inquiry. 

The skills to be developed are expected to be appropriate to the level of the learner. These skills and a typical developmental sequence are outlined in detail in the NWT Primary Program Guide. Attention is given to providing students with first-hand experiences that promote skills such as:

Observing

Communicating

Classifying



Recording

Predicting



Formulating Investigative Questions 

Inferring



Planning Investigations


Measuring


Interpreting Information

These skills involve coordination between cognitive and muscular skills, often referred to as psychomotor skills. Handling and manipulating equipment and tools require not just the physical ability to perform a task but also the intellect to know how to measure or observe accurately. It is anticipated that by the end of upper elementary a student might be able to, with assistance, conduct a scientific investigation. This unit provides opportunities for students to work physically and cognitively toward this end. 




	Attitudes and Beliefs Development

	
	An explicit goal in the development of this resource and the other resources being developed in this Qikiqtani project and the accompanying professional development provided for teachers is to use these as a vehicle to contribute to student ‘success’ in science. Although success in science is often attributed to measurable outcomes such as knowledge acquisition and development, the intent of this development project is much more encompassing. It extends this notion of success to investigate the influence of ‘two-way’ learning experiences on students’ perceptions of success in their personal attitudes and beliefs.

What does success in science mean to Inuit students? It is anticipated that students will experience success in a variety of ways, beyond the border of knowledge into the domain of attitudes and beliefs. Attitudes are regarded as states of mind, behavior or conduct regarding some matter, as indicating opinion or purpose. The program of study suggested in the activities that follow will foster student curiosity and creativity, and openness to new ideas of thinking. As well students will develop confidence in their perceptions of self as students of science. Similarly they will develop confidence as evidenced in risk-taking and their effort to conduct science investigations. Their participation in the processes of science will foster their perseverance, precision and objectivity in solving scientific problems. As members of a team they will develop in their respect for and ability to work co-operatively towards purposeful goals with their peers.

Above all, it is anticipated that students will develop a more positive sense of themselves as Inuit in contemporary society as they learn about the inextricable link between science and the world in which they live. It is anticipated that students will see science as part of their life trajectory both in future formal and informal settings as a s result of science study that advocated ‘two-way’ learning.


	Curriculum Applications
	

	
	In this context, the conceptual knowledge base and essential skills identified by these curricula are paired with Inuit cultural values, beliefs, and heritage to become the cornerstone of the learning provided in this unit. The Pan-Canadian Protocol and the NWT curriculum address the concept of Light at Grade 1 and Grade 4. Consequently, this unit addresses the upper elementary learning objectives. It is suggested that teachers of Grade 4 use many of the Grade 2  The Return of the Sun introductory activities as starting points for the Grade 4 learning objectives. 

The General Learning Outcomes for both levels include the following: 

1.   Students will investigate different ways in which light is produced and transmitted.

2.   Students will become familiar with the properties of light by investigating and observing how light interacts with various objects and materials in the environment. 

3.   Students will come to realize that light travels outward from a source and follows a straight path. 

4.   In their investigations of the school, home, and local community, students will identify technological innovations related to light energy, how they are used, and how the quality of life has been affected by these innovations.




	Children’s Alternative (Non-scientific) Beliefs about Light

	
	

	
	1. 
Light is associated only with either a source or its effects. Light is not considered to exist independently in space; and hence, light is not conceived of as "traveling" or moving in space.

2. 
A shadow is something that exists on its own. Light pushes the shadow away from the object to the wall or the ground and is thought of as a "dark " reflection of the object..

3.
Light is not conserved; it can disappear without any interaction with matter, or when it is no longer intense enough to produce perceptible effects.

4. 
Light is separate from seeing: situations require light in order that things are lit up, but there is no suggestion that light is then reflected to the eyes, eyes simply receive a well-lit scene.  

5.
Light from a bulb only extends outward a certain distance, and then stops. How far it extends depends on the brightness of the bulb.
6.
The effects of light are instantaneous. Light does not travel with a finite speed.

7.
Light is reflected from smooth mirror surfaces but not from non-shiny surfaces.

8.
Light shines on a translucent material and illuminates it so it can be seen. Light does not travel from the translucent material to the eye.

9.
Light always passes straight through a transparent material without changing direction.

10. When an object is viewed through a transparent solid or liquid material the object is seen exactly where it is located.

11.
Colors appearing in soap films are the same colors that appear in a rainbow.

	References include the following:

http://www.amasci.com/miscon/opphys.html (05 May 2006 19:20 Hrs); Edith Guesne. (1985). Light. In, Rosalind Driver, Edith Guesne & Andree Tiberghien, (Eds.) Children’s Ideas in Science, pp. 10-32. Milton Keynes, U.K.: Open University Press; and Rosalind Driver, Ann Suires, Peter Rushworth &Valerie Wood-Robinson. (1994, 2002 reprint). Making Sense of Secondary Science: Research into Children’s Ideas, pp. 128-132. London, U.K.: Routledge-Falmer. 


	Considerations Prior to Teaching Your Students about Light

	

	
	In order for you to foster the development of the conceptual knowledge base and essential skills paired with Inuit cultural values, beliefs, and heritage in this unit give consideration to the following:

Your students’ capabilities and interests:

What will be the language of instruction? If the language of instruction is English, how can you include and affirm Inuktitut in your instruction?

Will students be keeping a written learning log? Again, will it include and affirm Inuktitut?

What contexts suggested are likely to be of most interest and relevance to your students?

Should the investigations suggested be teacher- or student-directed?

Your capabilities and interests:

Consider the conceptual knowledge base, essential skills, and Inuit cultural values, beliefs, and heritage affirmed by this unit. Where will you find the teaching challenging?

What personal experiences, knowledge, and skills can you bring to this unit? The unit provides opportunity for your strengths to be incorporated into the unit

The capabilities and interests of your teaching context:

This resource has been developed with consideration for northern Qikiqtani regions and its students. How can you work collaboratively with the school community to make the intentions of the unit a reality? Who are the individuals that can assist in ensuring Inuit Qaujimajatuqangit is incorporated into this unit? 


	Thinking About the Activities
	

	
	Select a Starting Point:

Although a sequence of instruction has been provided for this unit of study, your starting point will be a reflection of your students’ backgrounds and interests. Upper elementary teachers are encouraged to familiarize themselves with the lower elementary activities. In this way, connections can be made and concepts can be built upon and/or elaborated.

Select Knowledge, Beliefs & Values to Develop:

Again consider the interests of your students especially in terms of their Inuit Qaujimajatuqangit background. 

Select Appropriate Skills to Develop:

Consider the investigative abilities of your students. What investigative skills are most appropriate for your students? The investigations suggested could either be teacher-facilitated or student-directed depending on the capabilities of your students. What is most appropriate?

Develop an Instructional Sequence:

Use the information provided in previous sections of this resource to assist in developing a coherent instructional sequence. The list of activities is only a suggestion of what might be addressed. 




	Grade 4:  Light and Its Properties

	
	There are natural and artificial (human-made) sources of light.


There are sources of light that emit their own light, and there are sources of light that reflect  light and require an external source of light to be seen.

Sources of light that emit their own light are called luminous. 

Sources of light that reflect the light of luminous objects are called non-luminous.

Luminous objects produce light in different ways.

The brightness (intensity) of a light is determined by the brightness of the light source itself and the distance from the source to the observer.

The brightness and way in which the light is generated determines how the source of light is used in homes, schools, and the community.

Most luminescent objects give off heat.

The temperature change generated by a light source can be measured.

Light is invisible as it travels from the source to an object.

Light is a form of energy.

Light travels in all directions away from the source.

Light travels in a straight path.

Light can pass through some materials and is stopped by other materials.

Materials are classified as opaque, translucent, and transparent depending on how well they permit light to pass through them 

The translucency or opacity of a material determines its use.

Shadows are created when light is stopped by opaque and translucent materials.

The location, shape, and size of a shadow are determined by the position of a light source relative to an object.

Light can be reflected.

	
	


	
	Rough and smooth surfaces reflect light in different ways.

Light can be “bent” when it passes from one transparent material to another transparent material at an angle.

The bending of light rays is called refraction.

Lenses, which are pieces of curved glass or transparent plastic, work because of refraction.

A concave lens curves inward, refracts and spreads out light, making things look smaller.

A convex lens curves outward, refracts and focuses light, and makes things look larger.

Many optical devices that extend our ability to see make use of the reflective and refractive properties of materials.

Sunlight can be refracted and separated into a band of coloured lights.

The band of colous made from sunlight is called the visible spectrum. 

Sunlight and other white lights are a mixture of the coloured lights of the visible spectrum.

Raindrops and ice crystals separate sunlight into a spectrum to form rainbows, halos, and sundogs.

Light can be absorbed.

When a material absorbs light, the light energy is changed into heat energy.

The change in temperature of the light absorbing material can be felt and measured




	Curriculum matches

	

	Science
PAN Canadian Protocol for Collaboration on School Curriculum 

Common Framework of Science Learning Outcomes K – 12 (1997)

	
	Specific Learning Outcomes
	Lessons in Light Unit

	Knowledge (by the end of Grade 6)

It is expected that students will…

	303-1
	Identify sources of natural and artificial light in the environment


	
	
	
	
	
	
	
	
	
	
	
	

	303-2
	Demonstrate that light travels in all directions away from the source


	
	
	
	
	
	
	
	
	
	
	
	

	303-3
	Distinguish between object that emit their own light and those that require an external source of light to be seen
	
	
	
	
	
	
	
	
	
	
	
	

	303-4
	Investigate how a beam of light interacts with a variety of objects, in order to determine whether the objects cast shadows, allow light to pass, or reflect light
	
	
	
	
	
	
	
	
	
	
	
	

	303-5
	Predict the location, shape, and size of a shadow with a light source is placed in a given location relative to an object
	
	
	
	
	
	
	
	
	
	
	
	

	303-6
	Demonstrate and describe how a variety of media can be used to change the direction of light
	
	
	
	
	
	
	
	
	
	
	
	

	303-7
	Demonstrate that white light can be separated into colours


	
	
	
	
	
	
	
	
	
	
	
	

	303-8
	Compare how light interacts with a variety of optical devices such as kaleidoscopes, periscopes, telescopes, and magnifying glasses
	
	
	
	
	
	
	
	
	
	
	
	

	Science, Technology, Society, and Environment (by the end of Grade 6)

It is expected that students will…

	105-1
	Identify examples of scientific questions and technological problems that are currently studied
	
	
	
	
	
	
	
	
	
	
	
	

	105-2
	Identify examples of scientific questions and technological problems that have been addressed in the past
	
	
	
	
	
	
	
	
	
	
	
	

	105-3
	Describe examples of scientific questions and technological problems that have been addressed differently at different times
	
	
	
	
	
	
	
	
	
	
	
	

	105-4
	Identify examples of scientific knowledge that have developed from a variety of sources
	
	
	
	
	
	
	
	
	
	
	
	

	105-5
	Identify examples of scientific knowledge that have developed as a result of the gradual accumulation of knowledge
	
	
	
	
	
	
	
	
	
	
	
	

	105-6
	Describe how evidence must be continually questioned in order to validate scientific knowledge
	
	
	
	
	
	
	
	
	
	
	
	

	106-1
	Describe examples of tools and techniques that extend our senses and enhance our ability to gather data and information about the world
	
	
	
	
	
	
	
	
	
	
	
	

	106-2
	Describe examples of tools and techniques that have contributed to scientific discoveries
	
	
	
	
	
	
	
	
	
	
	
	

	106-3
	Describe examples of improvements to the tools and techniques of scientific investigation that have led to new discoveries
	
	
	
	
	
	
	
	
	
	
	
	

	106-4
	Describe instances where scientific ideas and discoveries have led to new inventions and applications
	
	
	
	
	
	
	
	
	
	
	
	

	107-1
	Describe examples, in the home and at school, of tools, techniques, and materials that can be used to respond to their needs
	
	
	
	
	
	
	
	
	
	
	
	

	107-2
	Describe and compare tools, techniques, and materials used by people in their community and region to meet their needs
	
	
	
	
	
	
	
	
	
	
	
	

	107-3
	Compare tools, techniques, and scientific ideas use by different people around the world to interpret natural phenomena and meet their needs
	
	
	
	
	
	
	
	
	
	
	
	

	107-4
	Provide examples of how science an technology have been used to solve problems in the home an at school
	
	
	
	
	
	
	
	
	
	
	
	

	107-7
	Describe examples of modern technologies that did not exist in the past
	
	
	
	
	
	
	
	
	
	
	
	

	107-8
	Describe examples of technologies that have been developed to improve their living conditions
	
	
	
	
	
	
	
	
	
	
	
	

	107-9
	Compare past and current needs, and describe some ways in which science and technology have changed the way people work, live, and interact with the environment
	
	
	
	
	
	
	
	
	
	
	
	

	107-14
	Identify scientific discoveries and technological innovations of people from different cultures


	
	
	
	
	
	
	
	
	
	
	
	


	Skills

It is expected that students will…

	
	Specific Learning Outcomes
	Lessons in Light Unit

	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Initiating, Researching, and Planning (by the end of Grade 6)

	204-1
	Propose questions to investigate and practical problems to solve
	
	
	
	
	
	
	
	
	
	
	
	

	204-2
	Rephrase questions in a settable form (e.g., rephrase question such as “how does light pass through glass?” into “Which objects allow light to pass through them?”)
	
	
	
	
	
	
	
	
	
	
	
	

	204-3
	State a prediction and a hypothesis based on an observed pattern of events
	
	
	
	
	
	
	
	
	
	
	
	

	204-4
	Define objects and events in their investigations
	
	
	
	
	
	
	
	
	
	
	
	

	204-5
	Identify and control major variables in their investigations
	
	
	
	
	
	
	
	
	
	
	
	

	204-7
	Plan a set of steps to solve a practical problem and to carry out a fair test of a science-related idea (e.g. plan a procedure to determine the relationship between the position of a light source and the location, shape, and size of the shadow produced by an object)
	
	
	
	
	
	
	
	
	
	
	
	


	Skills continued
It is expected that students will…

	
	Specific Learning Outcomes
	Lessons in Light Unit

	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12


Performing and Recording (by end of Grade 6)
	205-1
	Carry out procedures to explore a given problem and to ensure a fair test of a proposed idea, controlling major variables
	
	
	
	
	
	
	
	
	
	
	
	

	205-2
	Select and use tools in manipulating materials and in building models
	
	
	
	
	
	
	
	
	
	
	
	

	205-3
	Follow a given set of procedures (e.g., follow a procedure to construct a kaleidoscope)
	
	
	
	
	
	
	
	
	
	
	
	

	205-4
	Select and use tools for measuring (e.g., use an appropriate ruler to measure the length of the tube when constructing a kaleidoscope)
	
	
	
	
	
	
	
	
	
	
	
	

	205-5
	Make observations and collect information that is relevant to a given question or problem (e.g., draw diagrams showing the position of the light source and the location of the shadow)
	
	
	
	
	
	
	
	
	
	
	
	

	206-6
	Estimate measurements
	
	
	
	
	
	
	
	
	
	
	
	

	206-7
	Record observations using a single word, notes in point form, sentences, and simple diagrams and charts
	
	
	
	
	
	
	
	
	
	
	
	

	206-8
	Identify and use a variety of sources and technologies to gather pertinent information
	
	
	
	
	
	
	
	
	
	
	
	

	206-9
	Use tools and apparatus in a manner that ensures personal safety and the safety of others
	
	
	
	
	
	
	
	
	
	
	
	

	206-10
	Construct and use devices for a specific purpose (e.g., construct a periscope)
	
	
	
	
	
	
	
	
	
	
	
	

	Analysing and Interpreting (by the end of Grade 6)

	206-1
	Classify according to several attributes and create a chart or diagram that shows the method of classifying
	
	
	
	
	
	
	
	
	
	
	
	

	206-2
	Compile and display data, by hand or by computer, in a variety of formats, including frequency tallies, tables, and bar graphs
	
	
	
	
	
	
	
	
	
	
	
	

	206-3
	Identify and suggest explanations for patterns and discrepancies in data (e.g., identify patterns in the colours produced by different prisms)
	
	
	
	
	
	
	
	
	
	
	
	

	206-4
	Evaluate the usefulness of different information sources in answering a given question
	
	
	
	
	
	
	
	
	
	
	
	

	206-5
	Draw a conclusion, based on evidence gathered through research and observation, that answers an initial question (e.g., conclude that light travels in a straight line)
	
	
	
	
	
	
	
	
	
	
	
	

	206-6
	Suggest improvements to a designed or constructed object
	
	
	
	
	
	
	
	
	
	
	
	

	206-7
	Evaluate personally constructed devices with respect to safety, reliability, function, efficient use of materials, and appearance
	
	
	
	
	
	
	
	
	
	
	
	

	206-8
	Identify potential applications of findings
	
	
	
	
	
	
	
	
	
	
	
	

	206-9
	Identify new questions or problems that arise from what was learned
	
	
	
	
	
	
	
	
	
	
	
	


	Skills continued
It is expected that students will…

	
	Specific Learning Outcomes
	Lessons in Light Unit

	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Communication and Teamwork (by the end of Grade 6)

	207-1
	Communicate questions, ideas, and intentions, and listen to others while conducting investigations (e.g., discuss with peers the results of explorations with prisms
	
	
	
	
	
	
	
	
	
	
	
	

	207-2
	Communicate procedures and results, using lists, notes in point form, sentences, charts, graphs, drawings, and oral language
	
	
	
	
	
	
	
	
	
	
	
	

	207-3
	Work with team members to develop and carry out a plan
	
	
	
	
	
	
	
	
	
	
	
	

	207-4
	Ask others for advice or opinions
	
	
	
	
	
	
	
	
	
	
	
	

	207-5
	Identify problems as they arise and work cooperatively with others to find solutions
	
	
	
	
	
	
	
	
	
	
	
	

	207-6
	Work with group members to evaluate the processes used in solving a problem
	
	
	
	
	
	
	
	
	
	
	
	

	Attitudes (by the end of Grade 6)

It is expected that students will…

	409
	Appreciate the role and contribution of science and technology in their understanding of the world
	
	
	
	
	
	
	
	
	
	
	
	

	410
	Realize that the applications of science and technology can have both intended and unintended outcomes
	
	
	
	
	
	
	
	
	
	
	
	

	411
	Recognize that men and women of any cultural background can contribute equally to science
	
	
	
	
	
	
	
	
	
	
	
	

	412
	Show interest and curiosity about objects and events within different environments
	
	
	
	
	
	
	
	
	
	
	
	

	413
	Willing observe, question, explore, and investigate
	
	
	
	
	
	
	
	
	
	
	
	

	414
	Show interest in the activities of individuals working in scientific and technological fields
	
	
	
	
	
	
	
	
	
	
	
	

	415
	Consider their own observations and ideas as well as those of others during investigations and before drawing conclusions
	
	
	
	
	
	
	
	
	
	
	
	

	416
	Appreciate the importance of accuracy and honesty
	
	
	
	
	
	
	
	
	
	
	
	

	417
	Demonstrate perseverance and a desire to understand
	
	
	
	
	
	
	
	
	
	
	
	

	418
	Work collaboratively while exploring and investigating
	
	
	
	
	
	
	
	
	
	
	
	

	419
	Be sensitive to and develop a sense of responsibility for the welfare of other people, other living things, and the environment
	
	
	
	
	
	
	
	
	
	
	
	

	420
	Show concern for their safety and that of others in planning and carrying out activities and in choosing and using materials
	
	
	
	
	
	
	
	
	
	
	
	

	421
	Become aware of potential dangers
	
	
	
	
	
	
	
	
	
	
	
	


	Pre-planning Needs for Particular Lessons

	
	Prior to Lesson 1 and the Introduction to the Light Unit

1. Create a “pitch black” classroom by covering over and eliminating all places in the room that permit light to enter (windows and cracks above the walls and around the door).  

2.  Prepare a bulletin board for the science unit “Light”.

3.  Prepare a word wall for the science unit “Light”.

4.  Inquire to identify Elders in the community who may be able to participate in the teaching of the Light Unit (e.g., Lessons 1, Lesson 14 .

5.  Make of purchase a light with a dimmer switch.

6.  Review the Grade 2 “Return of the Sun” science curriculum.

7.  Prepare science journals (1/student).

8.  Search the World Wide Web and library for stories and legends about the creation of light/Sun  and day and night from a variety of cultures.

9.  Order or attain a copy of the 10 minute documentary video, “Qulliq Oil lamp” distributed through Isuma (needed for Lesson 2).



	
	Lesson 1 

1.   Invite an Elder who is able to tell Inuit legends of the world in darkness and how the Sun came to be in the sky. If this is not possible, photocopy the legends in the Materials and Recourses section of Lesson 1.

2.   Copy the Pre-instruction and Post-instruction recording sheets (1/student).

3.   Make or purchase Sun-shaped Post-it-Notes.

4.   Collect Sun creation stories (from library or World Wide Web).



	
	Lesson 2

1.   Photocopy and cut out the Images of Sources of Light (1 set/student).

   2.   Photocopy the Sources of Light Recording Sheet (1/student).

   3.   Have glue sticks (1/child) available for use.

   4.   Have paper, 8.5 x 11 inches (1/child) available for use.

   5.   Photocopy the photograph and interview excerpts included in the Materials and Resources section of Lesson 2.

   6.   Make certain that the video, “Qulliq Oil Lamp” or the appropriate section of the DVD “The Journals of Knud Rasmussen” is ready to play in the VCR or DVD player.



	
	Lesson 3

1. Prepare a chart on the board or on chart paper that can be filled in during science.

   2.   Prepare science journals (1/student).

   3.   Have powder or powdered substance and a flashlight available for use.

   4.   Access to broom and dustpan or vacuum cleaner (to remove the powder from floor).



	
	Lesson 4

1. Prepare the black poster board cylinder (with top) to fit around the light with dimmer switch.

2. Prepare the four black poster board cards (20 cm X 20cm) with small hole (1.5 – 2.0 cm) at centre. 

3. Have flashlight, light with dimmer switch, powder, laser pointer, wood dowel, large bowl or aquarium, and milk available for use.

4. Prepare images, included in the Materials and Resources section of Lesson 4, that illustrate the straight path of light.

5. Access to broom and dustpan or vacuum cleaner (to remove the powder from floor).



	
	Lesson 5

1. Have mirrors, flashlights, and targets available for use (Part 1) 

2. Prepare the images of Inuit women with facial tattoos and read or photocopy the excerpts from the interview and the website for students to read with you (Part 1).

3. Purchase marshmallows for Part 2.

4. Print portrait of Archimedes and illustrations of Archimedes “burning mirrors” (Part 2).

5. Have marshmallows available for use (Part 2).

6. Have mirrors and alcohol thermometers available for use.

7. Sign up for the computer lab to view MIT website where Archimedes “death ray” is enacted (Part 2).

8. Make certain that the sequence from The Daily Planet”, included in the Materials and Resources section of Lesson 5 (Part 2) , runs you the classroom computer (Part 2).

9. Attain a book for juvenile readers that tells the life story of Archimedes (Part 2).



	
	Lesson 6 (Part 1)

1. Have available a variety of materials for each experimental group to use in designing their test for Lesson 6, Part 2. 

Note: If you plan to have the students research, build, and test solar cookers and solar ovens in Lesson 7, this would be a good time to line up volunteer help for each of the groups building and testing over a two day period.



	
	Lesson 6 (Part 2)

1.   Prepare a container of cold water (approximately 10(C) in sufficient quantities for each experimental group.

2.   Attain alcohol thermometers ((C), one for each experimental group.

3.   Have a digital camera available for use.



	
	Lesson 7 (Part 1) Optional, Planning Phase

1. Reserve the computer lab.

2. Attain materials for constructing cookers and solar ovens.

3. Remind parents, relatives and community members who volunteered to help over the next two sessions of science.



	
	Lesson 7 (Part 2) Optional, Construction Phase

1. Prepare for volunteers.

2. Have available the necessary additional materials and equipment for building.

3. Prepare a location in the classroom for displaying the completed solar cookers and solar ovens that is suitable for a “gallery walk”.

4. Have a digital camera available for use.

5. Purchase the food for testing (Lesson 7, Part 3)



	
	Lesson 7 (Part 3) Optional, Testing Phase

1. Prepare the volunteers.

2. Prepared chart of model of solar cooker with column for maximum temperature

3. Have available the following: alcohol thermometers, food, beverages, cooking utensils, oven mitts, pot holders, dishes, paper cups, and napkins.

4. Have graph paper available for each group of students.

5. Have a digital camera available for use.



	
	Lesson 8

1. Have a flashlight and polished metal surface for the activation/engagement phase of the lesson.

2. Have available flashlights, mirrors, smooth black Bristol board, smooth white Bristol borad, sandpaper, and aluminum foil (cut in 10 x 10 cm squares) for each pair of children. 

3. Have available crystal-like or white glitter for children to use and share.

4. Acquire a book about the Moon from the library.

5. Photocopy the materials on snow goggles and the excerpts from Elder interviews about snow goggles, snow blindness, and hunting by the light of the Moon. 



	
	Lesson 9

1. Prepare sets of translucent, transparent, and opaque materials cut into 10 x 10 cm squares (1 set for each pair of children) 

2. Have available for each pair of children a flashlight and a page of printed material (newspaper or magazine).

3. Photocopy the recording sheet (1/ child)

4.  Photocopy the excerpts, included in the Materials and Resources section of Lesson 9,  from the three Elders who discuss seal hunting on ice.



	
	Lesson 10

1.  Acquire (a) a jar and a can of the same kind of fruit, (b) a  clear and an opaque container of the same kind of detergent or hand soap or shampoo, (c) boxed and cellophane wrapped pasta, (d) a variety of envelopes that are opaque, cheque safe, opaque with a transparent window, and translucent.



	
	Lesson 11

1. Acquire and wear a translucent scarf.

2. Photocopy the print and the two Inuit legends on day and night included in the Materials and Resources section of Lesson 11.

3. Acquire and read a book about that includes a scientific explaination day and night.



	
	Lesson 12

1. Acquire for Group 1: books about hand shadows, a bright source of light, and a white wall or screen.

2. Acquire for Group 2: books about shadow puppets, a photocopy of the page from Bosak’s book included in the Materials and Resources section of Lesson 12, a bright light source, a shadow theatre, Bristol board (or another stiff paper or foam material), scissors, tape, clear straws, fasteners, and thin wire. 
3. Acquire for Group 3: books about sundials, a photocopy of the pages in Smith’s book included in the Materials and Resources section of Lesson 12, a dowel or broom stick, hammer, meter stick, long sheet of bulletin board paper, rocks to anchor the paper, tongue depressors, compass, flashlight, push pins, pencil, and Bristol board.
4. Acquire for Group 4: overhead projector, white wall of screen, assortment of know objects in an opaque bag, an assortment of unknown geometric solids in an opaque bag, cardboard box that will fit around the overhead projector hiding from view whatever is placed on the glass, scissors, and tape.
5. Have on hand the materials necessary for each group to construct their planning board.


	
	Lesson 13

1.   Have the following available for use:  aquarium or large bowl, water, milk, flashlight, laser pointer, clear beverage glasses, straws, spoons, ZipLoc sandwich bags, pages from newspsper or magazine, waxed paper or clear plastic, dropper pipettes, and 2-Liter clear soda bottles with caps. 



	
	Lesson 14 

1. Prepare for the Elder’s visit.

2. Have the following available for use: clear beverage glasses, pennies, water, double convex lenses, double concave lenses, single convex lenses, single concave lenses, chart paper, and straight edge.

3. Photocopies of the scientific illustrations included in the Materials and Resources section of Lesson 14

4. Photocopies of the interview with the Elder included in the Materials and Resources section of Lesson 14.

5. Photocopies of the ice window and the translucent igloo at night included in the Materials and Resources section of Lesson 14



	
	Lesson 15

1. Attain and hang for a sun lit window a crystal sun catchers.

2. Have available the following materials for each group of children: clear glass of plastic container, mirror, small piece of Plasticine (modeling clay), white poster board, and a triangular prism.

3. A container with a volume sufficient to carry water to nearly fill the clear glass or plastic containers in Item 1 immediately above.

4. Photocopy the image of the prism with spectral colours and the water prism with spectral colours included in the Materials and Resources section of Lesson 15.



	
	Lesson 16

1. Have available triangular prisms, full spectrum light sources (i.e., ray boxes with baffles), and Bristol board (approximately 10 x 10 cm) with small centrally places hole.

2. Photocopy the story of Newton’s experiments with light and colour, the images of cave paintings, Leonardo d Vinci and his work, and Sir Isaac Newton and his optical work included in the Materials and Resources section of Lesson 16.



	
	Lesson 17

1. Photocopy the photographic images and scientific illustrations of mirages, rainbows, and sundogs included in the Materials and Resources section of Lesson 17.

2. Photocopy the interview excerpts and sections of John MacDonald’s The Arctic Sky included in the Materials and Resources section of Lesson 17.

3. Acquire a video camera to record the children’s presentations.




	Websites for Light and Optics Information and Lesson Plans

	
	1. Molecular Expressions: Science, Optics, and You, Activities in Optics, Online Activity     Guidebook for Teachers. 

      http://micro.magnet.fsu.edu/optics/activities/teachers/index.html
     Includes excellent “Interactive Java Tutorials” at

     http://www.molecularexpressions.com/primer/anatomy/anatomy.html
   2.   The Exploratorium Science Snacks, Snacks about Light.

         http://www.exploratorium.edu/snacks/iconlight.html

3.   National Aeronautics and Space Administration, The Electromagnetic Spectrum, What is it?
http://science.hq.nasa.gov/kids/imagers/ems/index.html

6. The National Center for Atmospheric Research and the UCAR Office of Programs, About Rainbows. 

http://eo.ucar.edu/rainbows/

5.  Chapter 19 – Light, Color, and Atmospheric Optics.

     http://apollo.lsc.vsc.edu/classes/met130/notes/chapter19/index.html

6.   ProTeacher Directory, Lessons: Light.

      http://www.proteacher.com/110017.shtml

7.   Ithaca City School District, Physical Science Zone: Light & Optics Lessons.

         http://ithacasciencezone.com/midscizone/physical/p06optics/default.htm

   8.   How Stuff Works, How Light Works (by, Craig Freudenrich).

         http://science.howstuffworks.com/light.htm

  9.   Introduction to Mirages, by Andrew T. Young, 1999 – 2007.

        http://mintaka.sdsu.edu/GF/mirages/mirintro.html

10. Atmospheric Optics (Contact, Les Cowley)
       http://www.atoptics.co.uk/

11.  The Weather Doctor, Weather Phenomena and Elements: The Superior Image: Seeing Beyond http://www.islandnet.com/~see/weather/elements/supmrge.htm



	
	


	Lesson 1
	

	
	Introduction to the Unit 

Thinking about darkness (Can we see in the absence of light?)

How light came into the world (myths and legends)

	
	What You Need:

1. Prepared “light” bulletin board

2. Prepared and tested dark (“pitch black”) classroom (all windows are covered in opaque material and all light leaks are eliminated)

3. Pencils for recording (1/child)


4. Pre-instruction diagnostic recording sheets (1/child): To be pasted into science journal

5. Light with rheostat (dimmer switch)

6. Post-instruction recording sheet (1/child) : To be pasted into science journal

7. “Light” word wall

8. Sun-shaped ‘Post-it-Notes’ (1/child)

9. “Light” bulletin board

10. The Creation. A legend told by Arnaruluk to Knud Rasmussen (1908).
11. How the Sun and Moon were Made. An oral legend, told in writing by Brian Lewis (1968).

12. Stories and legends about the creation of light/Sun from various cultures

	
	What You Do:

1. Distribute the pre-instruction diagnostic recording sheet and ask children to complete it to the best of their ability (to be added to their science journals).  

2. Link to Inuit Knowledge (IQ): When the children have completed the diagnostic, tell The Creation legend told by Arnaruluk (if at all possible invite an Elder who may have a similar legend to tell as these were meant to be shared orally).

3. Invite and guide discussion of the story and encourage the children to (a) think and talk about what it might be like to live on Earth without Sun’s light and (b) how the Sun came to illuminate Earth. 

4. Link to Inuit Knowledge (IQ): Read or tell or invite an Elder to tell the Inuit legend, How the Sun and Moon were Made. There are a number of versions of The Sun and The Moon in John MacDonald’s The Arctic Sky, pp. 273-277. It would be interesting for the children to read these and look for similarities and differences.

5. Encourage discussion of both legends focusing on the origin of light. In the first, the Earth is in darkness and an old woman said, “We will have both light and death”, and the Earth was illuminated, yet we don’t know the source of the light. In the second, a young woman becomes the Sun and her brother becomes the Moon as they run faster and faster around the meetinghouse and rise into the sky. 

6. Invite children to share other legends they may have read or listened to. [There are a number of stories from a variety of cultures that have recently been published and you may have a few of these in your library (e.g., Musicians of the Sun (McDermott 2000), which tells the Aztec story of Texcatlipoca, Lord of the Night, who sends Wind to bring the musicians of the Sun to Earth; How Raven Stole the Sun (Williams, 2001), which tells the Tlingit legend how the trickster Raven transforms himself and set out to steal the Sun from the Chief who kept the celestial light all to himself; and Coyote Steals the Sun and Moon, a Zuni legend that tells how coyote and eagle steal the Sun and Moon from the Kachinas people who kept the Sun in a large box and the Moon in a small box. This legend can be found at the following website http://www.firstpeople.us/FP-Html-Legends/CoyoteStealsTheSunAndMoon-Zuni.html.).

7. Encourage the children to ask their parents, grandparents, and relatives if there are Sun creation stories they have heard and can share. 

8. Bring the conversation back to a world without light, ask the children if they have ever been in complete darkness (when it is “pitch black”) and to describe what this was like.

9. Inform the children that you will be turning off the classroom lights. Ask the children to think about what this will be like for them and to quietly share their ideas with a neighbour (and then the class if time permits). Before doing so, tell the children that you will be asking them questions and that they are to observe quietly with a focus on “What I Can See”.

10. Switch off the lights. The children experience the classroom without electric and natural lighting (all window glass and light leaks covered with opaque material).

11. After two-three minutes [when the pupils of  the children’s eyes will not dilate further – a possible link to Grade 2, The Return of the Sun, Lesson 11], pose questions similar to the following: “What is the time on the classroom clock?” “What is the colour of Sarah’s socks?” What am I pointing to with my right hand? What is it possible to see in the darkness of the classroom?

12. Use the light with rheostat (dimmer switch) to slowly illuminate the room. What do the children notice? When the light is first turned on do they see everything, including the colour of objects, as well as when the rheostat is at its maximum and the light is fully lit?  Invite and guide discussion of the experience (darkness and low/dim light to bright/intense light).

13. Distribute the post-instruction recording sheet (to be added to their science journals).

14. When the children have finished writing, invite them to add “light” words to the new word list (carefully placed so the every child in the classroom can see it). Today, will likely include: light, Sun; darkenss; low or dim; and bright/intense.

15. Distribute the Sun-shaped ‘Post-It-Notes’. Ask each child to write a question about light that they would to be able to answer before the end of the unit (write name of back of Post-It-Note).

      (a) They are invited to add new questions as the unit unfolds. 

      (b) Display the ‘Post-It-Notes’ on the ‘Light’ bulletin board and refer to the children’s questions during the              subsequent four weeks. 

Closure: Bring closure to the lesson by discussing and further exploring the need for light in order to see (if we can see when the lights are out, the room can’t be in absolute darkness and you may have to repeat the experience after darkening completely the room).

Next Session: Today we read about the Sun, and used the ceiling lights in the classroom as well as the light bulb attached to the dimmer/rheostat. Can you think of lights other than these that you use at home or that we use in the classroom? Is Sunlight a different kind of light than the light we get from switching an on-off switch? Come tomorrow with your ideas.


	Materials and Resources for Lesson 1

	Post-Instruction Recording Sheet

	Thinking about Darkness

I think we can see in the dark.      


I think we can’t see in the dark.     


How I know. I think this because _________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

How can we find out? _________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________




	Arnaruluk’s The Creation 

	
	This legend tells of the creation of the Earth, its human inhabitants, and dogs. It also explains how the Sun, Moon, and stars came to be. Initially it was darkness and there was no death. But people became too numerous, until their numbers were checked by a great flood, the proof of which is seen in sea shells found inland, far from their coastal origin – a common post-glacial phenomenon in many parts of the Arctic. To prevent a recurrence of disastrous overpopulation, light with concomitant death was accepted by the people, and so came the Sun, Moon, and stars “for when people die they go up to Heaven and grow luminous” (MacDonald, p. 260)

That time, very long ago, when the earth was made, it dropped down from above – the soil, the hills and the stones – down from the heavens; and that is how the world came into existence. When the world was made people came. They say that they came out of the earth. Babies came out of the earth. They cam out among the willow bushes, covered with willow leaves. And they lay there among the dwarf willows with eyes closed and sprawled. They could not even crawl about. They got their food from the earth.

Then there is a story of a man and a woman; but how came it to be? It is a riddle – when did they find each other, when did they grow up? I do not know. But the woman made babies’ clothes and wandered about. She found the babies, dressed them, and brought them home.

That is how there came to be came many people.

When there were so many of them they wanted dogs. And a man went out with dogs’ harness in his hand, and began to stamp the ground, calling “Hoc, hoc, hoc!” Then the dogs sprang out of little tiny mounds. And they shook themselves well, for they were covered with sand. That is how men got dogs. 

But men increased; they grew more and more numerous. They did not know death, at that time so very long ago, and they grew very old; at length they could not walk; they grew 

blind and had to lie down.

Nor did they know the Sun; they lived in the dark; the daylight never dawned. It was only inside the houses that there was light; they burnt water in the lamps; at that time water could burn.

But the people who did not know how to die grew too many; they overfilled the earth – and then there came a mighty flood. Many men were drowned, and me grew fewer. The traces of this flood are to be found on the tops of high hills, where you often find shells.

Then when men had grown fewer, two old women began one day to talk to each other. “Let us be without the daylight, if at the same time we can be without death!” said the one; doubtless she was afraid of death.

“Nay!” said the other. “We will have both light and death.”

And as the old woman said those words, it was so – light came and with it death…

As men by this time had light, they could go on long seal-hunting expeditions, and no longer needed to eat soil. And with death came the Sun, the Moon , and the stars.

For when people die, they go up to Heaven and grow luminous.

Arnaruluk, told to Knud Rasmussen, 1908, as cited in John MacDonald, 2000, The Arctic Sky:

Inuit Astronomy, Star Lore, and Legend. Toronto, ON: Royal Ontario Museum, pp. 260-261.



	How the Sun and Moon were Made

	
	A long, long time ago there were two Eskimos, one called Tarqiq and the other called Siqiniq. There were brother and sister. They lived in a camp. Since Siqiniq had no husband she lived in an igloo alone.

In the evenings when the men had meetings in the meeting house a man used to come to her igloo, put out her lamp, and beat her. Then, when he had gone, she had to visit other igloos to get some fire. Although the man did not beat her very hard she was angry because she did not know who he was; also, when it was cold she did not like going outside to get more fire.

One night when the man visited Siqiniq, she put her hand into the soot on her cooking pot and made the man’s face black without his knowing. Then, when he had left she went outside and, seeing no one, visited the meeting house to get some fire for her lamp.

She was surprised to see a man with a black face in the meeting house. It was her brother Tarqiq. She took some fire from the lamp in the meeting house then taking a club began to beat her brother before going outside.

At once Tarqiq took some fire and began to chase his sister around the meeting house. While he was running, Tarqiq stumbled and fell and he was left with only a small fire in his lamp. Siqiniq’s fire, however was shining brightly, and she was lifted into the sky to become the sun. Her brother became the moon.

Brian W. Lewis. 1968. Eskimo Myths. Arctic Reading Series, Reader Thirteen, pp. 1-2.. 

Ottawa: Curriculum Section, Education Division, Northern Administration Branch, 

Department of Indian and Northern Development.

Illustrated by Germaine Arnaktauyok. Catalogue Number: R44-1/13




	Post-Instruction Recording Sheet

	Thinking about Darkness

Can we see in the dark? ______________________________________________________________

________________________________________________________________________________


Does this mean that we need light in order to see? ___________________________________________

________________________________________________________________________________

How I know this. I think this because _____________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________


	Lesson 2
	

	
	Sources of Light
Distinguishing natural sources of light from human made sources of light

	
	What You Need:

1.  Chart paper

2.  “Qulliq Oil Lamp” documentary video distributed through Isuma (10 minutes in length) or segments of “The Journals of Knud Rasmussen” that show the qulliq

3.  02 January1987 interview with Rachael Ujarasuk and Rececca Irngaut

4.  15 March 1990 interview with Elizabeth S. Nutarakittuq

5.  04 April 2000 interview with Nathan Qamaniq
5.  Images of natural and human made light sources (cut out)

    6.  Paper, 8.5 x 14 or 11 x 17, white (1/child)

7.  Paste or glue sticks (1/child)

8.  Sources of Light Recording Sheets (1/child): to be added to their science journal

9.  Pencils (1/child)

  10.  “Light” word wall

  11.  “Light” bulletin board



	
	What You Do (Part 1):

1. Invite children to share legends about the creation of the Sun that they may have been told by their parents, grandparents, or relatives. 

2. Review the Grade 2, Return of the Sun, Lessons 3-9 by inviting children to identify sources of light that they observe in the classroom. List these on the board or chart paper. Ask the children to suggest a title for the list. How many of the lights on the list did they also observe in their homes? Put a check mark beside these. Are there sources of light in homes that are not found in the classroom. Create a list of these. Ask the children to suggest a title for the new list. Then ask, “How should we identify those objects with a check mark?

3. Invite the children to think about and discuss the sources of light in the homes of their grandparents or great grandparents when they would have been10 to 13 years in age? Construct a list, on the board, of sources of light that the children think would have been available sixty or more years ago [when their relatives lived on the land without electricity or batteries or Coleman stoves or lighters or matches or any of the sources of power and light we take for granted today]. This will likely be light from the Sun, Moon, Aurora borealis, and qulliq. 

4. Link to Inuit Knowledge (IQ): Show the 10 minute Isuma distributed film, “Qulliq Oil Lamp” produced by Arnait Video Productions in 1993 (in Inuktitut with English subtitles) or segments of “The Journals of Knud Rasmussen” that show the qulliq.

5. Link to Inuit Knowledge (IQ): Distribute copies of the “stories” (exceprts from the 02 January1987 interview with Rachael Ujarasuk and Rececca Irngaut, the 15 March 1990 interview with Elizabeth S. Nutarakittuq, and the 04 April 2000 interview with Nathan Qamaniq). Read with the children or invite the children to read aloud these “stories” about the qulliq.
6. Negotiate with the children a definition for ‘source of light’ or ‘light source’. [For your own information, these are “objects [and organisms] that produce their own light” by nuclear, chemical, electrical, or mechanical actions/reactions. They are referred to as luminous as opposed to non luminous (e.g. mirrored surfaces, the Moon]. 

7. Model with the children how to create a non-alphabetic “Glossary” or “Science Terms and Definitions” page in their science journals. This should allow room for four or so pages at the end of their journal. The first entry can be “Source” or “Source [of light]” along with the negotiated definition.

8. Pose the following rhetorical question to expand their thinking (not to be responded to or shared orally, just thought about given the previous session’s closing questions): Do they think that all of the light sources identified produce/make light in the same way? They are to answer this question on a new page in their science journal (with date and proper heading and leaving room for the two pre- and post- tests).

What You Do (Part 2):
9. Review a previous sorting activity the children would have carried out in science or mathematics or some other school subject. Invite them to discuss what they did. How did they decide what ‘things’ to group together? Elicit the meaning of sorting rule and explain that today they are going to develop sorting rules for a variety of light sources.

10. Distribute one sheet of paper and one set of cut out images, glue stick, and pencil to each child. They should spread out these pictures on their desk/table top, and sort them into groups that make sense to them. This could take some children more time than you may anticipate.

11. When the groups of light sources have been determined, each child is to (a) paste each group of images on the white sheet of paper, (b) label each group with a number, starting with 1, and (c) write the sorting rule for Group 1, Group 2, Group 3… on the back of the sheet (this is the ‘key’ to the sorting rule for each group of images). 

12. When Step 11 has been completed, each child receives (or picks up) one ‘Sources of Light Recording Sheet’, shows the sheet with their groups of sorted images to a classmate (one the other side of the room preferably), and asks the classmate to look at each group and say what they think the sorting rule must have been for each group.

They child listens and uses the recording sheet to write down 

(a) what his/her classmate thinks the rule is for each group, 

(b) the name of the classmate, and 

(c) the number of rules stated by the classmate that match the child’s sorting rules on the ‘key’. 

[For example, if the child has a group made up of the images with a flame, and the classmate says the sorting rule would be objects that are burning or on fire, this would be noted on the recording sheet as a match.]

13. Repeat Step 12 with several other classmates.

14. Encourage the children to look over the information on the ‘Sources of Light Recording Sheet’. 

15. On chart paper list the name of the groups created by the students (e.g., uses a battery, has a flame, plugs into the wall, only happens or exists out-of-doors, and the like). Use tally marks to indicate the number of children who sorted their images using each name listed. You may also want to determine how many children used only two groupings to sort the images, how many children used three groupings, and so on.

16. Help the children to determine the groups that were difficult for their peers to identify, and the groups that were easy for their peers to identify. Is there a pattern that helps explain the reason for the difficulty or ease? (If the children have not done this kind of data interpretation before, you many have to use the data from one child as an example.) 

17. Invite the children to suggest new words for the “Light” word wall (e.g., source, and perhaps the language used to sort the contour drawings of light sources).

18. Ask if any of the questions on the “Light” bulletin board have been answered. Are there new questions that the children would like to add? If “yes”, add these.

Closure: Discuss with the children how scientists would sort the images of the sources of light: 

(a)  natural source of light (Sun, lightning, lightning bug…) and 

(b)  human made source of (candle, Kerosene  lantern, flashlight…).

Guide the children to see what distinguishes natural from human made. If a child has (or several children have) sorted the images using these two categories, use their sorting as the example. 

Add these two new terms to the glossary in the science journal and to the “Light” word wall.

If there is time, name items not found in the set of images, and invite children to explain whether they are natural sources of light or human made light sources. 

Link to English Language Arts: Consider reading a book about the Sun. If The Return of the Sun was a curriculum unit that was implemented in Grade 2, the children in your classroom may remember that the Sun is responsible for all life on Earth, and that it is the plants (the primary producers) that convert the light from the Sun into another form of energy [carbohydrates (glucose) a form of chemical energy] that passes through the herbivores and omnivores to the carnivores and eventually to the scavengers and decomposers.

Next Session: What happens to the light when it leaves a source? Can we see it in the air?




	Materials and Resources for Lesson 2

	

	The Qulliq (oil lamp) 

	                                   [image: image2.jpg]



Port Harrison, Inuksuak, 1948, Silver Gelatin Print, Estate of Richard Harrington, Stephen Bulgher Gallery

http://www.bulgergallery.com/dynamic/fr_artwork_display.asp?ArtworkID=1760


	Interview with Rachael Ujarasuk and Rececca Irngaut

	

	The [soapstone] qulliq was our only piece of equipment we had that contained fire, which in turn was our only source of light and heat. Early in the morning each man that wanted to go out hunting would wake his wife asking her to attend to the qulliq. By this time, the flames on the qulliq had died down during the course of the night, and this would have lowered the temperature so that the igloo would be cold. We then would tend to the qulliq to kindle the flames so that the hunters could get ready to go hunting. This is early in the morning before the break of dawn. As we attended to the qulliq to kindle the flames we would also be getting something to eat ready. We used our qulliq for [boiling and] cooking meat. The hunters would eat as fast as they could and would get ready before the break of dawn. When a sign of dawn started to show, sometimes even before the dawn, they would leave. Remember, this is in the winter when the temperatures are severe. They would be gone the whole day, right to nighttime. This was the daily routine no matter what the weather condition was. It might have been blowing snow conditions, but they would get ready nevertheless and leave for their hunting grounds. Some hunters might find the conditions miserable so they would not go out this day while others continue to hunt no matter what the conditions may be. That was what I remembered. 

In particular for those that depended totally on game animals [for heat, light, and food], they would work hard to secure game animals. The dogs, too, needed food to survive. As for ourselves, we needed fuel for our qulliq as it was the only means of making water and the only means to cook our meat. In the days when there was scarcity, the hunters would try even harder no matter what the weather conditions may be. There might be a blizzard. So one would think that no one could go out hunting this day, but they would go out to hunt. In their absence, we would have very little fuel to burn. So we would try and melt snow for water with the meager fire that we would be burning in our qulliq. The only qulliq, in these times, that was burning would belong to the adults. As a matter of fact, there would be those that no longer had fire in their qulliq. Then, the only qulliq that was lit was mainly to have hot water to drink, and the fuel in the qulliq would be the only fuel available.

Interview by Paul Irnguat, 02 January 1987, File No. IE-012, translated by Louis Tapardjuk

	Interview with Hanna Uyarak

	
	We used the qulliq for heat as there was nothing else available, like lanterns or stoves. Because the qulliq as made from soapstone, it heated the place up. When we went to sleep, we would dim the fire so that it would not be so hot. 

We would use the qulliq as a souce of light as well. We would sew apparel using the qulliq. It was really bright with the walls were not dark. After playing outdoors at night, getting indoors would see so bright that we would squint from the brightness of the glow.

Interview by Rhoda Qanatsiaq, 15 january 1990, File No. IE-082, translated by Louis Tapardjuk

	

	Interview with Elizabeth S. Natarakittuq

	
	Once you settled down for overnight, you would have a faster time in lighting your qulliq if you were prepared [with wicks and flints] beforehand. It takes a while to settle down even if it was for only overnight. There would be someone building an igloo while the rest of us were preparing the bedding. We had to make sure that the bedding was free of snow by pounding the bedding with a blunt object. Once the igloo was built, we had to stomp the bed area in order to make it hard enough to make a bed with. Once again someone else would be pounding blubber for making fuel oil for the qulliq. When we were finally inside, we prepared the qulliq, adding objects to keep the pot in place when they started to heat water. You fitted the qulliq with wicks, and filled the qulliq with oil before taking it inside the igloo. Then all you had to do was light the wicks once inside. You would bring in the skins for a mattress first, and then you would bring in the bedding  and blankets. You could get water to boil once the qulliq was well lit, and you chipped some ice in a pot and heated it over the qulliq. It didn't take long before the water started to boil. When you were boiling meat in a pot, it took only a little while before it was boiled and ready to eat. 

We were living in an Inuit way then. Even now if there was an igloo outside, we would still be able to live in it the same way we did in the past, those of us who were living the old ways before. When we just got up, the igloo was quite cold, but we lit the qulliq right away. Once it was lit, the igloo would start warming up gradually, and then it became quite warm. If we overslept a bit, the qulliq flames died out, and the igloo became quite cold. Once we got up, it was very cold, but we had to go outside right away because we were taught that way and only after we would be lighting the qulliq to get the igloo warn again. Once the qulliq was lit, we would start to heat up the ice-filled pot, to make tea. Even if we were out of tea, when we were running out of fuel we would have to stop whatever we were doing go out and pound blubber. If we ran out of water, we would go out and chip ice to melt for water. We were always on the go, never stopping at all. We would have to keep the qulliq lit all the time. If  there was another igloo who needed us to keep their qulliq lit, we would go  there to make sure it was lit. We were never idle in those times. We had to be prepared all of the time. We were always busy, and the only time we stopped was when we slept. 

Interview by Eugene Amarualik, 15 March 1990, File No. IE-125, translated by Lucy Tapardjuk

	
	

	Interview with Nathan Qamaniq

	
	As long as this person is an Elder, he or she will maintain the lamp all through the night. Whenever she gets up at night she will attend to the lamp, re-kindle the flames, and then go back to sleep. In this way, the flame will still be burning properly when she wakes up in the morning. The flames will neither be out of control, nor will the qulliq be burnt out, because the qulliq was attended to all through the night. 

Youngsters will generally wake up to find the flames burnt out. Sometimes the flames will even get out of control. As for us, who hunt and make camps, there are times when the fire on the quilliq can also get out of control. This would happen when an igloo did not have sufficient oxygen, which was also when you would first light up your QULLIQ. When it is no longer starving for oxygen, this happened to be the time when you are asleep, the flames will get out of control. That was the way it was for us younger people. We use to find ourselves black with soot. This was the usually the case when we went to sleep before the flames had stabilized. The inside of the igloo still had not settled with air. One has to look after the lamp during most of the night, at least check it if it was burning all right. The flames will not get out of control if the person looks after it during the course of the night.

Interview by Louis Tapardjuk, 04 April 2000, File No. IE-442, translated by Louis Tapardjuk


	Images of Natural and Human-made Light Sources
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	Sources of Light Recording Sheet

	Sources of Light

Student’s Name
Words Used to Describe Each of My Groups
Number Correct



	Lesson 3

	
	Light is Invisible
Light travels out from a source 

We can’t see the light as it travels through the air, we only see the source and the object or objects it illuminates

Note: The focus of this lesson is not light travels in a straight path

	
	What You Need:

1.   Chart on the board or on paper and similar to the chart below (see No. 1 under “What You Do”)

2.   Flashlight

3.   Powder or some kind of powdered material (e.g., chalk dust, finely ground flour)

4.   Broom and dustpan or vacuum cleaner to pick up the powder or powdered substance

5.   Science journals

6.   Pencils (1/child)

7.   “Light” word wall

8.   “Light” bulletin board



	
	What You Do:

1. Invite the children to discuss and review what they learned about sources of light in Lesson 2. 

2. Construct a chart on the board or chart paper with column and row headings like the following:

Location
Things That Make Their Own Light

Natural

Human made

Classroom 

Outside

At Home

3.
Invite the children to offer suggestions for specific cells.

4.   With a flashlight in your hand, and the classroom lights switched on, ask the children what they can see when you switch on the flashlight and point it toward a specific object in the room. [They should see the illuminated bulb of the flashlight and light that illuminates the object and perhaps other things in the vicinity of the object. This will depend on the quality and construction of the flashlight you use.] 

10. Ask if they can see the light as it travels through the air? [It’s invisible!] Do they think it should be there? How do they know that it really is there? 

11. Ask if they think it would be possible to see the light that travels from the flashlight to the object if the room lights were turned off? Ask for a show of hands (“yes” and “no”). 

12. Turn off the classroom lights and perform the “test”. Invite the children to discuss the results. 

13. Encourage the children to think of a test that they could do to make the light from the source (flashlight) visible? If time permits these ideas should be tested and shared.

14. Reinforce (through questioning and the following demonstrations) the knowledge that light from the flashlight travels through the air, but that we can’t see it. We only see the illuminated bulb and objects that the light shines on. There are several ways of making this clear to children. You may need to use both listed here, unless you find that their tests have show this well. If so, use the children’s evidence.

a.   Using a flashlight: Stand near the light switch for the ceiling lights. Call upon four or five children to stand between you and the opposite wall. They should be in as straight a line as possible [consider marking with tape where you would like each child to stand], shoulder to shoulder (not front to back looking in the direction of the flashlight) facing the beam of light that will pass in front of them as it travels from the flashlight to the wall opposite the light switch.

   Tell the children that you are going to switch off the classroom lights (the flashlight will be switched on) and that each child in line, as you call their name, will place a hand in the beam of the flashlight for three seconds and then remove it. Invite the children to share what they observe. What have they noticed about the light. If each hand is illuminated as the light moves further from the source, is it in the air between the source and the wall? Thank the children, who were in the line, and ask them to take their seat. Call upon five “new” children to take their places.

b.    While standing in the same position and places as the previous children, place a small mound of a powdered substance in a palm of each of the five children. When the classroom lights are switched off and the flashlight is switched on, the children are to take a small amount of the powder between their index finger and thumb and slowly drop it into the space in front of them (where the beam of light should be). Rather than a hand blocking the light as in ‘a)’, the light from the flashlight will illuminate the powder as it falls through the air, and the children in the audience should see the beam of light as it passes trough the powder-filled air. [NOTE: ‘Dirty’ chalk board erasers can be used in place of the powered substance. The five children would clap two together while standing in line.]

7.   Guide the children’s discussion of their observations using focused, open-ended questioning. You want them to understand that light travels through the air, we simply don’t see it until it strikes an object like the wall or powdered particles. [Determine if the children have experiences with light (perhaps headlights) passing through falling snowflakes, light passing through ice crystals, or light passing through the water particles in fog and see it as similar to the activities that were just conducted.] 
8. Invite the children to suggest new words for the “Light” word wall (e.g., invisible, powder)

9. Tell the children to add the word “invisible” to the glossary in their science journals.

10.   Ask if any of the questions on the “Light” bulletin board have been answered. Are there new questions that the children would like to add? If, “yes”, add these new questions.
Journal Entry: Write the date and a title (e.g. Light is Invisible or Light Travels Through the Air) on a new page. Draw what was done and explain how you know that light travels through the air from the source even though we don’t see it in the air.

Closure: Invite the children to discuss whether they think the light, from sources other than the flashlight used today, travels through the air [remind them of the sources they sorted in Lesson 2 and the chart they filled in at the beginning of this lesson]. 
Next Session: Think about the light when it travels out from a source. What do you think the path would look like if we could see it move out from the source to the object it illuminates?




	Lesson 4
	

	
	Light Travels in a Straight Path
Light travels out in all directions from a source 

	
	What You Need:

1.   Light with dimmer switch

2.   Flashlight

3.   Laser pointer

4.   Black poster board (opaque), formed into a cylinder that is able to fit over the light with rheostat and make contact (again light tight) with the surface on which the light sits, and with with a light tight top and one small square or circular hole (1.5 cm) cut into the surface midway between the top and bottom

5.   Black poster board (opaque) cut into five pieces approximately 20 x 20 cm, with a small square or circular            hole (1.5 to 2.0 cm) in the middle 

6.   Wood dowel, 1.5 M in length
7.   Powder or some kind of powdered material (e.g., chalk dust, finely ground flour)

8.   Broom and dustpan or vacuum cleaner to pick up the powder or powdered substance

9.   Bowl or aquarium filled with water 

10.   Milk (less than ½ cup or 125 ml)

11. Science journals

12. Pencils (1/child)

13. “Light” word wall

14. “Light” bulletin board

15.  Photographs of beams of light



	
	What You Do:

1.   Review through discussion and guided questioning the new knowledge constructed in the previous lesson (light is invisible to the human eye, but it travels through the air from a light source to objects that it strikes). Remind the children that during Lesson 3, one light source was used (a flash light). What did the powder allow them to see when the light from the flashlight passed through the powder particles in the air? Encourage discussion of light sources they know other than the one used, and whether they believe the light from these sources would also travel through the air. [Consider mentioning head lights on cars, trucks, and snowmobiles, an airport beacon (if children know what this is), the light attached to a miner’s helmet.] If light didn’t travel though the air could car, truck, and snowmobile drivers, ship operators/boat captains, or people working in underground mines see what was ahead of them?

9. Invite the children to sit in a circle on the floor. Show the children the black cylinder that you’ve placed over the light with the dimmer switch/rheostat. Point out the cut opening if this is not mentioned. 

10. Ask the children what they think they will see when the lights in the are room switched off and the bulb inside the poster board cylinder is switched on. [This is a prediction and could be set up as a Prediction- Observation-Explanation (POE) if time permits.] When all ideas have been shared, perform the test. What do the children observe? Were their predictions correct? Like the flashlight, only objects in the path of the light passing through the small square hole in the cylinder will be illuminated. 

11. Ask the children what you would have to do if you wanted to use the light and cylindrical shade to illuminate an object on the other side of the room. What would you have to do if the clock face was to be illuminated, or the computer monitor on your desk, or the ribbon in Sarah’s hair, or a spot on the ceiling? 

12. What do the children notice? Draw out the idea that if an object is to be illuminated, the opening in the cylinder has to face the object (whether you turn the cylinder or cut a new hole). Is light moving out in all directions form the source? We know that the light is invisible as it moves through the air, but what does this tell us about the “path” that it takes from the light source? Is it moving in a zig-zag back-and-forth path? An up-and-down path? What did the path from yesterday’s demonstration with the powder resemble? Was it crooked? Wavy? [Straight!]

13. Repeat the demonstration from Lesson 3 (6b), using the laser pointer. What to the children notice about the path light travels when the beam of light shines through the powder? 

14. To the five children standing in the marked spots (still on the floor from yesterday), shoulder to shoulder and  facing the beam of light, distribute the black poster board squares with holes. Tell the five children who are standing, and those who are sitting and observing, that you are going to switch off the ceiling lights and switch on the laser pointer. Each of the children with a square piece of poster board is going to position it in the beam of light so that the light passes through all five holes. You will then switch on the ceiling lights and observe the position of the poster board squares. [You may want the children to predict where the squares will be in relation to one another and in relation to the beam of light from the laser pointer.] 

15. Carry out the demonstration. Invite the children to discuss the observations they made. Focus your guiding questions on the position of the poster board squares? It is possible to show that a dowel, which is straight, can be inserted through the holes – IF the children are able to hold the poster board squares steady and in place.] 

16. What would have been the result if one of the children moved their square up or down? [Demonstrate this.] Why do the children think the squares and openings all have to be at the same height? Would the squares and openings be at the same height if light moved in a crooked or zig-zag (up-an-down or back-and-forth) path? What can we say about the path that light takes while traveling through air from the flashlight and laser pointer? 

17. Thought problem: Does light travel thorough water (a liquid) as it travels through air (a gas)? Using a new page in their science journals, direct the children to (a) write the date and (b) draw and (c) explain what they think the path of light through the water-filled bowl or aquarium would look like. Is the path similar to or different from the path of light through air? Why do they think so? When finished, ask, What should we label this page so that everyone looking at our journal will know what we drew? When a title is decided upon, tell the children to add the title to their page.

18. With the bowl or aquarium on a table or desktop near the light switch, invite the children to stand nearer so that everyone has a good view. Switch off the classroom lights. Shine the beam of light from the laser pointer (or a flashlight with aluminum foil over the end a small hole centrally placed) through the side of the bowl/aquarium. [If the light shines into the water at an angle, it will bend as a consequence of refraction. You don’t want this, yet.] Can they see the beam? 

19. Switch on the classroom lights and slowly add several drops of milk to the water while stirring. [You want a pale, milky blue-white.] Switch off the classroom lights and again shine the beam of light through the side of the bowl/aquarium. What does the beam look like in the milky water? Is it wavy? Zig-zagging? Straight? 

20. Draw out of the children that the clear water is like the air. The milk in water acts as the powder in the air did. [NOTE: Snow flakes and ice crystals in the air and water droplets in fog act like the powder. Perhaps they have observed this on snowy evenings or foggy days when all vehicles have their headlights switched on.] Where their predictions and explanations correct? 

21. Direct the children to record on a new page in their science journal what they observed and to write an explanation for their observation. Again the page should have a date and a title. 

22. Invite the children to suggest new words for the “Light” word wall (e.g., straight path)

23. Ask if any of the questions on the “Light” bulletin board have been answered. Are there new questions that the children would like to add? If “yes”, add them.
Closure: Show photographs that illustrate the straight path of light from a miner’s helmet, the lanterns of firemen in smoky buildings, the beacon in a lighthouse or at the airport, and the like. Do they think the light from the Sun travels to Earth in a straight path? Do you think the light from the Sun only travels in the direction of Earth, or do you think it travels out in all directions in the straight path? (Compare with the illuminated light bulb attached to the rheostat when the black poster board cylinder is removed.)

Next Session: If light from a source travels in a straight path, do you think we can change the direction that it travels? How could we do this?




	Materials and Resources for Lesson 4

	

	Images of Light Traveling through Air and Water

	                           [image: image4.jpg]



Beams of Light: Objects and Ideas to Delight and Enlighten, www.lightbeams.ws/ fotolia_1053208%5B1%5D.jpg

	                            [image: image5.jpg]



Greg Wesson’s Esoteric Globe, http://gregwtravels.travellerspoint.com/s26/

	                                 [image: image6.jpg]



Beacon International Financial Solutions, http://www.beacon-international.com/
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Faculty of Forestry, State University of New York, For 332 Forest Ecology, Ruth Yanai, http://www.esf.edu/for/yanai/for332/


	                                                                         [image: image8.jpg]


              

  Desert Trails, Antelope Canyon revisited in May 2006, Antelope Canyon Funnel Beam, http://www.naturalbornhikers.com/Deserts/desert.htm
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The Martinez Sailing Photographer, 07_02436 ©ThMartinez. Melbourne, Victoria, Australia, 7 February 2007, Bladerider 

(Moth International - Foiler), view from under water, http://www.thmartinez.com/en/img.php?FolioID=53&ID=3765


	Lesson 5  (Parts 1 and 2)

	
	Observing the Properties of Light
Light can be reflected 

	
	What You Need (Part 1):

1.   Flashlights (1/three children)

2.   Mirrors (1/child)

3.   Targets set up in a variety of wall locations around the classroom

4.   Science journals

5.   Pencils

6.   15 March 1990 interview with Elizabeth S. Nutarakittuq

7.   Images in Inuit art of women with tattoos

What You Need (Part 2):

8.   The story of Archimedes 

9.   Image of Archimedes

10.   Images of Archimedes and his mirror 

11.   Alcohol thermometer ((C)
12. Marshmallows

13. Quick Time movie: Discovery Channel’s Archimedes’ Death Ray
14. A book about Archimedes (for E.L.A./Language and Literacy)
15. “Light” word wall

16. “Light” bulletin board

17.  Websites about Archimedes

          http://web.mit.edu/2.009/www/experiments/deathray/10_ArchimedesResult.html  



    http://web.mit.edu/2.009/www/lectures/10_Mythbusters.html 



	
	What You Do (Part 1):

1.   Begin by reviewing the path light takes as it moves out from a source (through air and water). Remind the children of the question posed at the end of the previous session (Is it possible to change the straight path along which light travels?) and invite them to discuss their thinking and solutions. If time permits, allow the children to test and demonstrate their ideas. [Hopefully one would have thought of using a mirror or mirror-like surface.]

2. If the day is cloudy - In groups of three, (two children with mirrors and one child with a flashlight) invite the children to explore the effect of, first, one mirror on the path of light and, then, two mirrors on the path of light. What happens to the path of the beam of light that strikes the first mirror? Explore to determine the directions in which you can re-direct the beam (backwards, forwards, up, down, to the left, to the right…). Is it possible for the second mirror to reflect the light beam from the first mirror? Can you reflect the light with the second mirror so that it returns to the flashlight? Can you reflect the light using both mirrors so that the beam of light goes around an obstacle (e.g., around the door frame and out into the hallway and into another room). [The classroom lights will have to be switched off during this and the next activity.]


If the day is sunny – Invite the children to play mirror tag out-of doors. While going over safety issues (no light is to be reflected into the eyes of another player), hand out a mirror to each child. The goal of the game is for the person who is “it” to try and tag someone else in the class with the reflected light off of their mirror. The game is basically the same as regular tag except instead of touching you “tag” with a beam/spot of reflected light. 
3.
Challenge the children to complete (a) through (c) and to record their solutions (in drawing and writing) in their science journals (again, with a new page, dated and with a title that describes the activity/activities). The journal illustrations should indicate the positions of the target, the flashlight, and the mirror or mirrors).



(a) 
Shine the light of the flashlight directly on one of the targets in the room.


(b) 
Shine the light of the flashlight on the same target, but the light must first follow a V-shaped path before striking the target. (They can do this using one of the mirrors in their small group.)


(c) 
Shine the light of the flashlight on the same target, but the light must first follow a U-shaped path before striking the target? (They will need to use both mirrors to do this successfully.)  

4. Encourage the children to discuss what they have done. What happened to the light when a mirror was placed in its path? Is the mirror a source of light? Listen for their language. Is ‘reflect’, ‘reflected” or ‘reflection’ used? If so, ask what they mean. If it is “to redirect” or “throw back” or some other similar phrase, suggest that this is how the word is used by scientists when they talk about light striking a mirror-like surface. Could they have used the mirror to create a V-shaped or U-shaped path if light traveled from the source to the target in a crooked, wavy, or zig-zag path? 

5. Did they notice whether the light from the flashlight became brighter or dimmer as it passed from mirror to mirror and then the target? If not, switch off the classroom lights and invite one child with a mirror to redirect the light from the flashlight you are holding to a target. How bright is spot of light on the target? Repeat this with two children each with one mirror, then three children, then four. Is the spot of light on the target getting brighter or dimmer? Why do they think this could be? What happens if all four children simultaneously redirect the light from the flashlight with their mirrors and focus this light on a single target? Encourage the children to explain their observations.

6. At this point in the lesson, involve the children in a Think-Pair-Share. Begin by asking the children to think about the way they use mirrors in their own lives and how they think others use such a reflective surface. First, they are to make a list in their science journals (new page with date and title), and then share this list with a partner. [I would be surprised if looking at oneself in the mirror is not on the list of each child. They may also have thought about the reflective, cone-shaped surface that often is part of a flashlight or headlight or beacon, the side-view or rear-view mirrors found on and in vehicles, and the small mirror a dentist uses while checking and cleaning teeth.] 

7. Make a list of their ideas on chart paper. Ask for a show of hands to determine the number of children who though of using a mirror to see how they look. Invite the children to suggest materials that are used in the manufacturing of the mirrors they have seen or used. 

8.   Link to Inuit Knowledge (IQ): Most of the materials use to manufacture mirrors, glass and  polished metals were not available in the Arctic until the European explorers and whalers arrived. Encourage the children to speculate on the way or ways their ancestors might have been able to see their appearance before this time (e.g., using the smooth surface of a lake). Show the images portraying women with tattoos. Read the excerpt from the interview with Elizabeth S. Nutarakittuq on tattoos and using the qulliq as a mirror. [There is also a very good website, The Arctic at http://tattoos.com/ARCTIC.htm by Lars Krutak with photographic images and historical information from various sources.]

What You Do (Part 2):

15. Tell the story of Archimedes while showing his portrait (an engraving) created in the year 1740, two thousand twenty seven years after his death and paintings and drawings of his “death ray”. Encourage the children to discuss the questions at the end of the story. Determine whether or not they believe it would have been possible for Archimedes to use the Sun’s light and a mirror to ignite an enemy ship at sea. Poll the children, then ask for explanations. 
16. Would it be possible for each child to hold a mirror so that the light only shines on one spot? Do they think this could increase the temperature of an object placed at that spot? How could we find out? [Consider using an alcohol thermometer to measure the temperature (pre- and post-test) and a marshmallow as the ‘object’.] 

11.   Children are to record and illustrate the marshmallow test in their science journals. Given the results,  determine how many now believe it would have been possible for Archimedes to ignite and burn a wooden ship at sea?

12.   Show the quick time movie ‘Ancient Weapons of Mass Destruction’.  Encourage discussion of the M.I.T. enactment of what Archimedes may have done. 
13.   Invite the children to suggest new words for the “Light” word wall (e.g., mirror, Archimedes, “death ray”, reflect, reflection, temperature, thermometer, heat). This may also be an opportunity to discuss lights that generate heat. Can they think of other sources like the Sun and qulliq that produce heat as well as light. 

14.   Ask if any of the questions on the “Light” bulletin board have been answered. Are there new questions that the children would like to add? If “yes”, then add these.
Link to English Language Arts: Consider reading a book about Archimedes. Several of these exist for juvenile readers.

(a) Bendick, Jeanne. (1962). Archimedes and the Door of Science. New York: Franklin Watts, Inc.

(b) Gordon, S. (1971). Archimedes: About 287-212 BC; His Life, Work, and Experiments. Oxford: Blackwell.

(c) Gow, Mary. (2005). Archimedes: Mathematical Genius of the Ancient World. Berkeley Heights, NJ: Enslow Publishers.

(d) Ispen, D.C. (1988). Archimedes: The Greatest Scientist of the Ancient World. Hillside, N.J.: Aldershot, Hants.

(e) Lafferty, Peter. (1991). Archimedes. London: Wayland. 

Consider providing time for the creation of a dramatic play about Archimedes’ ‘death ray’ that is written and performed by the children for their parents.
Next Session: We saw that reflected light from the Sun can melt a marshmallow and ignite the wood of a ship, do you think we can use solar energy to heat water or cook food? [Invite responses, if time permits.] Tomorrow, we’re going to plan an experiment to determine if light from the Sun can raise the temperature of water.




	Materials and Resources for Lesson 5

	

	Facial Tattoos (Inuit Woman from the Western Coast of Hudson Bay)

	                                                                           [image: image10.jpg]



“Inuit Origins”, Ancient Canada: The Art, Culture and History of the Ancient Far North 

http://www.ancientweb.org/Canada/index.htm


	Stencil Print Showing an Old Woman with Facial Tattoos

	                              [image: image11.jpg]



Peter Aliknak’s Granny Teaches Grandson, Stencil print, Holman Island Prints 1986 


	Print Showing Woman with Tattoos

	                                    [image: image12.jpg]



Pitseolak Ashoona’s Tattooed Woman, 1963, in Marion Jankson and Odette Leroux, 1994, 

Inuit Women Artists: Voices from Cape Dorset. University of Washington Press.


	Sculpture Showing a Mother with Facial Tattoos

	                                                                        [image: image13.jpg]



Sheokjuk Oqutaq’s Mother and Child, 1952, Cape Dorset, in Ingo Hessel Inuit Art: An Introduction. Vancouver: Douglas & McIntyre, 1998.

	Tattooed Faces

	                                                                           [image: image14.jpg]
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Jessie Oonark, 1960,  Tattooed Faces, Stonecut (West Baffin Eskimo Co-operative Ltd.)
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Atuat (Sylvia Ivalu) from the film, Atanarjuat (The Fast Runner), Photo Galleries: Movie

http://www.atanarjuat.com/galleries/movie.php 




	Tattoos

	Interview with Elizabeth S. Nutarakittuq

	
	Q. Did the women only tattoo their faces? 

A. No. They also had a  shoulder tattoo (`tuiruti’) which were nicely made. And then there were some on the thigh which they would tattoo themselves just above the knee. 

      They would make the tattoo just as if they were sewing. They would pierce the skin with a needle and run the thread just below the skin leaving the soot in the skin. They would use some fat with the soot. Some tattoos came out very clearly which were applied just beneath the skin. Those that were deeper did not come out as clearly. 

Q. Did men ever get tattoos? 

A. They only had tattoos on their shoulder. Some of these tattoos were in the form of a person running. Women also had some on the back of their hand, which were also used for a beauty aid. When a woman was going to wash herself she would use blubber, and she would use the qulliq as a mirror. 

Interview by Maurice Arnattiaq, 08 February 1993, File No. IE-258, translated by Louis Tapardjuk



	The History of Tattooing in The Arctic

	
	Archeological evidence in the form of a carved human figure demonstrates that tattooing was practiced as early as 3500 years ago in the arctic. Moreover, the remains of several mummies discovered in Bering Strait and Greenland indicate that tattooing was an element basic to human traditions. This is corroborated in mythology since the origin of tattooing is clearly associated with the creation of the sun and moon. The naturalist Lucien M. Turner, speaking of the Fort-Chimo Inuit of Quebec, wrote in 1887:

“ The sun is supposed to be a woman. The moon is a man and the brother of the woman who is the sun. She was accustomed to… [sleeping at night] on her bed in the house of her parents and was visited during the night by…whom she could never discover the identity. She determined to ascertain who it was and in order to do so blackened her body with a mixture of oil and lampblack. She was visited again and when the man… [kissed her] his lips…became black. The next morning she discovered to her horror that her own brother had the mark on his lips. Her emoternation knew no bounds and her parents discovered her agitation and made her reveal the cause. The parents were so indignant that they unbraided the, and the girl in her shame fled from the village at night. As she ran past the fire she seized an ember and fled beyond the earth. Her brother pursued her and so the sparks fell from the torch and they became the stars in the sky. The brother pursued her but is able to overtake her…[only] on rare occasions These occasions are eclipses. When the moon wanes from sight the brother is supposed to be hiding for the approach of his sister.”

Ethnographically, tattooing was practiced by all Eskimos and was most common among women. While there are a multitude of localized references to tattooing practices in the Arctic, the first was probably recorded by Sir Martin Frobisher in 1576. Frobisher’s account describes the Eskimos he encountered in the bay that now bears his name:

“The women are marked on the face with blewe streeks down the cheeks and round the eies…Also, soe of the women race scratch and pierce their faces proportionally, as chinne, cheeks, and forehead, and the wristes of their hands, whereupon they lay a colour, which continueth dark azurine.”

As a general rule, expert tattoo artists were respected elderly women. Their extensive training as skin seamstresses (parkas, pants, boots, boat covers, etc.) facilitated the need for precision when “stitching the human skin” with tattoos. Tattoo designs were usually made freehand but in some instances a rough outline was first sketched upon the area of application. A typical 19th century account provided by William Glider illustrates the tattooing process among Central Eskimo living near Daly bay, a branch of the great Hudson Bay:

“The wife has her face tattooed with lamp-black and is regarded as a matron of society. The method of tattooing is to pass a needle under the skin, and as soon as it is withdrawn its course is followed by a thin piece of pine stick dipped in oil and rubbed in soot from the bottom of a kettle. The forehead is decorated with a letter V in double lines, the angle very acute, passing down between the eyes almost to the bridge of the nose, and sloping gracefully to the right and left before reaching the roots of the hair. Each cheek is adorned with an egg-shaped pattern, commencing near the wing of the nose and sloping upward toward the corner of the eye; these lines are also double. The most adorned part, however, is the chin. Which receives a gridiron pattern; the lines double from the edge of the lower lip, and reaching to the throat toward the corners of the mouth, sloping outward to the angle of the lower jaw. This is all this is required by custom, but some…do not stop here. Their hands, arms, legs, feet, and in fact their whole bodies are covered with blue tracery…”

According to the Alaskan archaeologist Otto W. Geist, the St. Lawrence Island Yupiget tattoo artist drew a string of sinew thread through the eye of a steel or bone needle. The thread was then thoroughly soaked in a liquid pigment of lampblack, urine, and graphite. The needle and sinew ere drawn through the skin: as the needle was inserted and pushed under the epidermis about a thirty-second of an inch. These typical tattoo “operations” required several sittings with the tattoo artist. The results were often accompanied by great pain, swelling, and in some cases, infection and even death.

The Arctic, Lars Krutak, http://tattoos.com/ARCTIC.htm, accessed 12 November 2007




	Story of Archimedes

	
	Archimedes (c. 287 B.C. – c. 212 B.C.) was a Greek mathematician, engineer, and scientist. He invented a way to pump water for irrigating fields, explained why some things float while other things sink, created pulleys and levers to launch giant ships, constructed catapults, and studied spheres and cones and circles.

Archimedes is considered to be the world’s first great scientist, and being a great scientist, one of the subjects he studied was light. He was particularly interested in mirrors and studying what happened to light shining on different kinds of mirrored surfaces (e.g., concave and convex). It has been reported that he used his knowledge of light to set enemy ships on fire. One story about Archimedes goes like this:

During a war between the Greeks and the Romans, Archimedes had soldiers line up on the shores of the sea holding small mirrors made from highly polished metal. He then had them hold their mirrors to reflect the Sun’s light on one spot, and this one spot was on the side of a Roman ship at anchor. The heat created by the light reflected by the mirrors was so great that the wooden ship was set on fire. Scientists think the idea is possible. Historians don’t believe it really happened. What do you think?  Is it possible for each of us to hold a mirror so that the light only shines on one spot? Do you think this could change the temperature? How could we find out?




	Portrait of Archimedes (287-212 BC)

	                                                         [image: image17.jpg]



art.com (http://www.art.com/asp/sp-asp/_/pd--11721577/sp--A/Archimedes_287212_BC.htm)


	Archimedes, “The Burning Mirror (Glass)
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http://www.crystalinks.com/archimedes.html




	Archimedes “Burning Mirror and the Siege of Syracuse”
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Trebuchetstore.com (http://www.redstoneprojects.com/trebuchetstore/archimedesburningmirror.html)

	“Archimedes and His Burning Mirrors”
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Michael Lahanas (http://www.mlahanas.de/Greeks/Mirrors.htm)



	“Ancient Weapons of Mass Destruction” Quick Time Video

	

	Discovery Channel Canada: October 20, 2005, Daily Planet Video Archive
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	Lesson 6  (Part 1) 
	

	
	Light is a Form of Energy 

Light from the Sun (solar energy) is a form of energy that illuminates and provides heat (solar heat). 

This energy can be used to increase the temperature of water 

Note: Lesson 6 is focused upon developing the skills for planning/designing an experiment

	
	What You Need:

1. Science journals

2. Pencils
3. Recording sheet (to be drawn in each group member’s science journal)
4. Materials for each experimental group to carry out their test
5. “Light” word wall

                                       

	
	What You Do:

1. Begin by reviewing the activity and video in Lesson 5 that used reflected light from the Sun to toast a marshmallow and ignite the wooden model of a ship. Remind the children of the question posed (and perhaps discussed) at the end of the previous session: Do you think we can use light from the Sun to heat water?  Encourage discussion of methods and evidence or reasons for why they believe sunlight or their method would result in water with a higher temperature (e.g., if reflected sunlight that is focused on a particular spot can toast a marshmallow and ignite wood, it should be able to increase the temperature of water, maybe even making it boil; sunlight turns snow and ice to water; lake water is warmer at the end of the summer than at the end of spring; in summer canned or bottled beverages left in the sunshine are much warmer than when taken out of the refrigerator). 

2. Ask, How would you design an experiment to test your ideas? What equipment would you need? [See “Note” below.]

2. Distribute science journals and pencils, on a new page and with the date and a proper heading, ask the children [working individually or with a partner] to (a) think about, (b) discuss, and then (c) write the steps of their experiment/test and (d) to include a list of the materials they would require to conduct the experiments and collect and record the data, and well as (e) the pattern they would need to see in the data to know the effect of sunlight on water temperature.

3. When (a) through (e) have been recorded in the children’s science journals, encourage discussion of these plans by inviting a volunteer [or pair of volunteers] to read what they have written. Determine if there are others who have designed a similar experiment and what variations, if any, exist within these plans. Encourage a critique of the experimental design and the method of data collection. [That is, what changes could be made to improve the plan (how much water will be used, how will the water be kept in direct sunlight, how will the affect of the temperature of the air be controlled) and/or method of collecting (how will this be accomplished [it is assumed that the children know how to read an alcohol thermometer] and how frequently), and recording data.] Invite those with quite different plans to share what they have written and repeat the above procedure. 

4. You may end up with two, three or four dissimilar experiments that can be carried out and at least one control (a pan of water, out-of-doors, but not in sunlight). You want small groups of three children to conduct the experiments [try to put those who created variations of the same experiment together]; duplication will be considered one additional trial of several trials [this is something the scientist often does herself/himself]. 

5. Review what will be measured by each experimental group, how often measurements will be made by each experimental group, and how the measured data will be recorded by each experimental group. [If you want to be able to determine the best procedure, then an identical amount of water in identical pans must be tested.] 

6. Model the construction of a recording sheet that considers both time and temperature. Each experimental group of children is to create their own data recoding sheet, and then to use the remainder of the lesson to collect the materials they need as the experiments will get underway at the beginning of the next school day.

7. Invite the children to suggest new words for the “Light” word wall (e.g., experiment, data, control). 

Next Session: Before the children leave the school at the end of the day, ask if they remember the plan for science. [Tomorrow, we’re going to test to see if we can raise the temperature of water using only the Sun’s light.] 

Encourage the children to talk with members of their family about their experiments and to determine if their 

parents or grandparents have ever used sunlight to melt snow or ice or to heat water or if they know of situations in the past when this would have been done.
Note: IF there are children who seem unable to design an experiment to test this question, suggest the following [modified from George Lorbeer and Leslie Nelson, 1992, Science Activities for Children, Volume 1 (Ninth Edition). Dubuque, Iowa: Wm. C. Brown Publishers, p. 69.]

A. Problem: How Can We Use Solar Energy to Increase the Temperature of Water?

B. Materials:

1. Measuring cup or graduated cylinder

2. Cold water

3. 2 Identical pans (or glass/plastic jar) to hold the cold water

4. 2 Alcohol thermometers ((C)
5. Panel of darkened/tinted glass/Plexiglas (or black paper to wrap around the jar) 

6. Panel of clear glass/Plexiglas (or white paper to wrap around the jar)

7. Direct, bright sunlight

C. Procedure:

1. Place the pans (or wrapped jars) in direct, bright sunlight

2. Place a measured amount of cold water in each pan/jar (should cover the bottom of the pans to a depth    of 3-4 centimeters).

3. Record the temperature of cold water in each of the pans/jars.

4. Place the panel of tinted glass/Plexiglas over one of the pans so that it rests snugly on the rim of the pan and is between the Sun and the water.

5. Place the panel of clear glass/Plexiglas over the remaining pan so that it rests snugly on the rim of    the pan and is between the Sun and the water.

6. Move the pans (or jars)  covered by the glass each 30 minutes so that the Sun always shines directly on the glass [and water].

7. Quickly measure and record the temperature of the water in each pan every 30 minutes [pry up the glass/Plexiglas panel and insert the thermometer; wait 45-60 seconds before reading the  thermometer].


	Lesson 6  (Part 2) 
	

	
	Light is a Form of Energy 

Light from the Sun (solar energy) is a form of energy that illuminates and provides heat. 

This energy can be used to increase the temperature of water 

Part 2 for Lesson 6 is focused on developing the skills associated with (a) implementing a plan, (b) collecting, recording, analyzing and interpreting the measured data, and (c) drawing conclusions and recording the conclusion(s) from the interpreted data.



	
	What You Need:

1. Direct, bright sunlight (for experimental work)

2. Materials for testing the experimental designs from Part 1 of Lesson 6
3. Cold water (approximately 10 (C, and sufficient quantities for each experimental group)
4. Alcohol thermometers ((C)
5. Science journals (with recording sheet from part 1 of Lesson 6)
6. Pencils
7. Digital camera (to record each group’s experimental set-up
8. “Light” word wall”
9. “Light” bulletin board


	
	What You Do:

1.   At the beginning of the school day, invite the children to share the experiences or information their family members would have mentioned about solar energy and using light from the Sun to melt ice or snow or to heat water. Encourage discussion of these experiences or information and whether they are similar to any of the experimental designs being tested today.

2.   Discuss the best location on the school grounds for conducting the full day experiments. (The position of the Sun, obstacles on the school ground [that could create shadows], and popular locations for playground activities that would disrupt the experiments will determine where to set up.)

3. Review the rules for science activities out-of doors and the consequences for “breaking” a rule.

4. Explain to the children that you will be carrying the water they will require and taking a digital photograph of each group’s experimental set-up. 

5. Invite each experimental group to collect their equipment and materials (set aside in the previous lesson), including a measuring cup or graduated cylinder, their science journals, and pencils, and to quietly line up at the classroom door in preparation of setting up their experiment on the school grounds.  

6. Each group sets up their experiment, makes the first measurement of water temperature, and records this temperature on the recording sheet in their science journals. Repeat this process every 30 minutes (or the time required to keep the water in direct sunlight). 

Note: For less disruption, it may be that each member of an experimental group is not needed for this reading, and that this role can be shared amongst the members of each experimental group; assuming each child can read a thermometer accurately. Perhaps you should assign a member from another group who is also collecting temperature data at a specific time to verify the reading made.]

7. Approximately 60 minutes before the end of the school day, the final temperature measurement should be recorded, and the materials used by each experimental group should be carried back to the classroom.

8. Model the creation of a chart (example on next page) that will show the initial temperature and final temperature of each experimental group, putting next to one another those experiments that were trials (e.g., those in Group A were trials of the same experiment A, those in Group B were trials of the same experiment B, and so on).

9. Encourage discussion by asking, Do we have enough data from the experimental control and each experimental group to answer our question: Can light from the Sun be used to increase the temperature of water? Discuss possible reasons for (a) the 5(C increase in the experimental control; (b) the differing results within the trials of particular experiments, and (c) the possible reasons for the differing results between the different experiments. Ask, Was the final temperature, in each experiment the highest 
temperature measured and recorded? Discuss the reasons for this, whether the temperature was higher or lower and whether this is indicative of a pattern. What would have to be done to know with certainty?
Experimental Group

Initial Temperature

Final Temperature

Change in Temperature

A.  Elijah, Lucy, Naomi

9(C
21(C
 21(C - 9(C =    12(C
A.  Noah, Eli, Aka

10(C
15(C
 15(C - 10(C =    5(C
A.  Leah, George, Adam

9(C
22(C
 22(C - 9(C =    13(C
B.  Mary, Aipilik, Rose

9(C
23(C
 23(C - 9(C =    14(C
B.  Akpa, Simon, Martha

10(C
27(C
 27(C - 10(C =  17(C
B.  Betty, Louise, Annie

9(C
26(C
 26(C - 9(C =    17(C
B.  Suzy, Jimmy, John

11(C
28(C
 28(C - 11(C =  18(C
C.  To be completed

C.  To be completed

D.  To be completed

CONTROL

9(C
14(C
 14(C - 9(C=       5(C 
10. Distribute a piece of graph paper to each child, cut to fit inside its science journal. [It is assumed the children have created a Temperature vs. Time graph. If not, you will need to model how this is constructed and how the data is entered, or you will need to distribute a graph with axes labeled and with predetermined and labeled increments of time and temperature. Using their temperature data, the measured temperature at each specific time is to be plotted by the members of each experimental group. Discuss how the graph can be used to interpolate data points. What would be the consequences of extrapolating from the data points? Relate this to the discussion in Step 9 about patterns and knowing with certainty that the temperature would continue to increase of decrease (e.g., what happens to the air temperature when the Sun in lower in the sky and eventually “sets”, does it keep getting warmer and warmer?).

Note: There are rays of light that we can’t see. They are part of the electromagnetic spectrum, not the visible spectrum. Infrared rays are beyond the red part of the visible spectrum. These rays produce heat. White reflects infrared rays and black absorbs infrared rays. This explains why the water in the jar wrapped in black paper or the water in the pan covered with dark tinted glass had a higher temperature that the jar wrapped in white paper or the pan covered with clear glass. At the opposite end of the visible spectrum, ultraviolet rays exist. We can’t see these rays but they are responsible for skin sunburns. Sun blocks and sunscreen lotions are designed to prevent ultraviolet rays from reaching the skin. These lotions, however, must be replenished. They don’t protect the skin for more than a couple of hours. 

11. An example of each graph, with title of the experiment, should be posted on the “Light bulletin board alongside a digital photo of the experimental set-up.]

12. Invite the children to suggest new words for the “Light” word wall (e.g., trial). 

13. Ask if any of the questions on the “Light” bulletin board have been answered. Are there new questions that the children would like to add? If “yes”, then add these questions.
Next Session: Today we experimented to determine if light from the Sun could increase the temperature of water. What conclusions were we able to make? Now that we know that solar radiation has an effect on water temperature, do you think we can use the Sun’s light and heat to cook our food? Has anyone heard of a solar cooker or solar  oven? When you get home this afternoon, ask your parents or grandparents if they have ever used the Sun’s radiant energy to cook food? If they have, find out how they did this.



	Lesson 7 (Optional)
	

	
	Light is a Form of Energy

Light from the Sun (solar energy) is a form of energy that illuminates and provides  heat. 

This energy can be used to increase the temperature of water and to cook our food

This is a three-part lesson that is focused on (1) researching on how to build a solar cooker/oven, (2) using this information to build a solar cooker/oven, and (3) testing the solar cooker/oven by using it to cook food 



	
	What You Need:

1.   Reserve the computer lab

2.   Science journals

3.   Pencils

4.   “Light” word wall

5.   “Light” bulletin board

6.   Materials for constructing solar cookers (Days 1 and 2)

7.   Volunteers (parents, grandparents, or aunts and uncles who can help with the building process on Day 2 and with the testing of the solar cookers and solar ovens on Day 3)

8.   Digital camera (Days 2 and 3) 

9.   Bright, direct sunlight (Day 3) 

10. Alcohol thermometers (Day 3) 

11. Oven mittens or pot holders for each pair of children (Day 3)

12. Food to cook for a class lunch with volunteers

13. Beverages

14. Cooking utensils

15. Plates, cutlery, napkins, beverage glasses, condiments

16. Time versus Interior temperature recording sheet

17. Websites that provide directions for making a variety of solar cookers/solar ovens

                   The Solar Cooking Archive’s, “Build a  Solar Cooker”, http://solarcooking.org/plans/default.htm 
Prairie Public Television’s, PBS Kids GO!  Zoom, “Solar Cookers”         http://pbskids.org/zoom/activities/sci/solarcookers.html


Abess Center for Environmental Studies at Miami Country Day School’s “Solar Cookers” http://aces.miamicountryday.org/SolarCookers/solar_cookers.htm
NASA’s “Cooking with the Sun” http://www.nasa.gov/audience/forkids/activities/A_Cooking_with_the_Sun.html
Educational Broadcasting Corporation’s Thirteen Ed Online, “Solar Energy: Become a Sun Chef” http://www.thirteen.org/edonline/lessons/solar/b.html
Energy Information Administration’s directions for building a solar hotdog cooker, http://www.eia.doe.gov/kids/classactivities/SolarCookingIntermediateActivity.pdf
Alliant Energy: Kids’, Catching some rays: Build a solar oven”, http://www.alliantenergykids.com/stellent2/groups/public/documents/pub/phk_001452.pdf


	
	What You Do:

Note: You can either plan for students to do the research on the internet [this could be designed as a web quest or you could set up a file in Word where the web sites you want children to visit are linked] or you can assign pairs of children to build a specific solar cooker or solar oven that is not too complex and for which you have the materials (e.g., the pizza box solar oven, the Pringle’s potato chip can “solar hotdog cooker”, and the solar panel cooker] and provide the URL for the website. It would be interesting, if time is not a constraint, to integrate this project with social studies and study the impact of solar cookers/ovens on people and economies in those parts of the world where they are being used and are gaining in popularity for a variety of reasons (some of them “green”).


Day 1, Planning:

1. Begin by inviting students to share the information told by their parents, grandparents, or other family members about solar energy and food preparation. Focus on the method, the food being prepared, and the time this “cooking” may have required and link this to the experimental methods used to increase the temperature of water. When there is no additional information to discuss, distribute the science journals and pencils, and ask the children to pair up and follow you to the computer lab. 

Note: For the best use of time, you may want to (a) determine these research partnerships ahead of time as well and, as was mentioned in the “Note” above,  (b) assign the solar cooker/oven each pair will be making. You can then direct each pair of children to the appropriate site where illustrated directions can be found. If this is the approach you decide to take, I think it’s important that all children in your classroom see the variety of solar cookers and solar ovens currently being manufactured and in use. The best website I have found for this is No.1 in the above list from the Solar Cooking Archive.

2. When all pairs of children are seated at a computer station, explain to the children that they are going to be building a solar cooker/oven. In order to know how to build such a device, they are going to begin by researching solar cookers and solar ovens using the internet (I’m assuming students at this age have had experience using the internet as a source of information). 

3. Begin by asking the children to create a new page, with title and date, in their science journal, then model the process you would like them to use as researchers. This includes the following:

(a)  loading the website 

(b) determining whether the directions are for a solar cooker or a solar oven

(c)  looking at the drawn or photographic illustrations

(d)  thinking about the shape, size,  and materials used to create the solar cooker/oven

(e)  reading the written information and paying particular attention to

(i)   the directions provided

      (ii)  the temperature the solar cooker or solar oven is capable of reaching, and 

      (iii) the foods that are generally prepared using it, 

(f)  making a list of building materials, 

(g) printing out the directions and at least one clear illustration, and 

(h) using a highlighter to distinguish each step in the building process, and finally 

(i)  numbering these steps sequentially. 

4. When all children have completed the research stage, bring together the pairs of children who will be building similar solar cookers or solar ovens. Invite one pair of children to discuss the materials they will need and to show and describe the illustration of their model. The pairs of children who are listening should pay attention to how the model being described (including materials for construction) differs from the model they are to build. Focus the discussion on these differences. That is, are these variables that could affect the temperature at which the food will be cooked? If so, we want to pay attention to these features in building and in testing the solar cooker or solar oven. 

5. If time remains, each pair of children can collect the building materials they will need.

6. Invite the children to suggest new words for the “Light” word wall (e.g., solar cooker, solar oven). 

Next Session: Before the children leave the school at the end of the day, ask them to remind you what they will be doing in tomorrow’s science class. They are also to remind their parents, grandparents, aunts and uncles (who may have volunteered to oversee and assist them with their construction of the solar cooker or solar oven) of the time   they are to arrive.

Day 2, Building:

1.    Prior to the scheduled time for science, set up workstations around the classroom where pairs of children  will be working with a volunteer. Ask the children to bring to their assigned station all of the materials and tools they will need to build their solar cooker or solar oven as well as the sheet with the steps for constructing the cooker or oven highlighted and sequenced by number. 

2.    Welcome the adult volunteers when they have arrived. Invite a child to explain to the volunteers the   question that the members of the class just finished investigating (Can we use light from the Sun, also  known as radiant energy or solar energy, to raise the temperature of water?). Invite another child to tell the volunteers the outcome of the various methods of investigations and the answer to the question.  Invite a third child to explain the new question that is going to be investigated (Can we use the light from the Sun    to cook our food?) and why they’ve invited the volunteers to science class. 

3.    Show the volunteers where they will be working (or a child can do this). Explain that the time today is to    be used to build (and finish constructing) a solar cooker or solar oven so that they can be tested at noon    next day (or the next clear day with bright sunshine). 

4.    As each group finishes the construction of their solar cooker or solar oven, ask the group members and volunteer to create a label that names and identifies the model as the one they built. Finished, labeled   models are to be put on display in a location where they will not be disturbed and where the children and volunteers can observe each model during a gallery walk. 

5.    Before the gallery walk, use the digital camera to take photographs of the children with their volunteer and the solar cooker/oven they built. Along with the small group of children, thank the volunteer for his/her assistance and invite him/her to the solar lunch during which the solar cookers and solar ovens will be  tested. 

6.    At the end of the gallery walk, engage the children in a discussion of the models. Direct the children’s observations to identifying the  similarities and differences between the various models. Ask the children      to indicate the temperature their solar cooker/oven was reported to have reached. With this information and their observations, which model do they think would be best for cooking a particular type of food.     Encourage those responding to explain why. Given the solar ovens and solar cookers on display, what kinds of food should be purchased to test the cooking capabilities of each model.  [This is going to involve some understanding of the temperatures at which foods normally bake or cook, and the temperature the website  may had indicated the solar cooker or solar oven is capable of reaching.]

7.    Distribute the science journals and pencils. On a new page with date and title, ask each child to write about building their solar cooker or solar oven (leaving room for a digital photo). They should also indicate the  food they would like to use to test the model they built. [These are the foods you will want to purchase for   the experimental testing of the models.]

Day 3, Testing:

1. Engage the children in a discussion of the location on the school grounds where the testing of the solar cookers and solar ovens should occur. (Consider the location used to test the affect of sunlight on the temperature of water. Were there problems encountered at that location?)

2. When the best location has been decided upon, encourage a discussion of the experimental tests. How will be know the answer to our original question: Can we use the light from the Sun to cook our food? 
3. Consider having prepared a chart that displays each solar cooker and solar oven in column 1, and the maximum temperature each has been reported to have attained in column 2.  [Cautionary Note: The temperatures solar cookers and solar ovens are capable of reaching should be a reminder to children that    they could get burnt if they are not careful. This is the reason for using oven mitts and pot holders and cooking utencils and for having volunteers on hand.] Have the children check the packaging of the foods to  be prepared in order to determine the temperature they require for baking or cooking. With this information (size of food and cooking temperature), and an awareness of the size of each of the solar cookers and ovens  on display, it should be possible using the chart, to determine the food that should be cooked in each solar oven or cooker. Distribute the food accordingly. 
4. Before heading to the test location, ask the children how they will know if the oven or cooker is sufficiently hot to cook the food? Should we simply place the food in the oven or cooker and leave it there until it looks ready? Guide the discussion toward the measurement of the temperature of the water in the previous experiment when alcohol thermometers were used. Discuss the position of the cooker/over with respect to the position of the Sun: Will the solar cooker or solar oven have to be moved every 30 minutes as the pans  of water were moved in the previous experiment? Moving the solar cooker/oven will be the responsibility   to the volunteers or you (the teacher).
5. The children and volunteers will carry the foods, beverages, solar cookers and solar ovens, cooking utensils, oven mitts, pot holders, and dishes, cutlery, and paper or plastic cups to the test area on the school grounds. 
6. The children will set up their solar cooker/oven with the help of the volunteer. Distribute the thermometers and recording sheet. Children, with their volunteer, are to record the time and the interior temperature of    the solar cooker/oven. [Leave the thermometer inside the cooker/oven and record the time and temperature every 15 minutes until cooking begins. Record the final temperature when cooking end.]
7. Take digital photographs of the event, including all solar cookers and ovens (pre-cooking, during cooking, and post-cooking). 
8. Following lunch and clean-up, engage the children in a discussion of the solar cookers and ovens and their impressions of using solar energy for cooking. [Volunteers are welcome to stay and participate in the discussion. Those who elect to leave, should be thanked by the children they assisted (and you).] Could a solar cooker/oven be used all through the year in Nunavut? When would the best time be for using a solar cooker/oven in locations above the Arctic circle? Are there places on Earth where all cooking and heating water could be done, for most days of the year, using a solar cooker? Where might these places be (use a world map for this)? Could a solar cooker be used on an overcast or cloudy day? How might this be tested?
9. Distribute graph paper, and ask each pair of students to plot their time and temperature data (just as was  done with the water experiment). Discuss the label for the graph (with names of the children who are constructing the graph), labels for the x and y axes, how to indicate the 15 minute time intervals, and how    to determine the temperature scale using the lowest and highest temperatures on their recording sheet. 
10. When the graphs are complete, discuss the initial recorded temperatures and the final recorded temperatures. Compare the solar cooker and solar ovens with respect to maximum temperature and the time required to reach this temperature. Is the solar cooker or the solar oven hotter? Is this maximum temperature reached more quickly by a solar cooker or a solar oven? Is this rate of heating more likely a consequence of the size of the solar cooker or solar oven and the interior cooking area or the design, the construction, or the materials?
11. Post the graphs on the bulletin board and place a photo of the cooker/oven in use adjacent to the graph. If   the school has a webpage or you have a webpage for your classroom, the data and images could also be posted on it.
12. Ask if any of the questions on the “Light” bulletin board have been answered. Are there new questions that the children would like to add? If “Yes”, then add these.
13. Close by asking the children if they think all sources of light are similar to the Sun and provide heat (as well as light). [This may have been addressed in Lesson 5, Part 2, Step13.] Can they think of some light sources that do? [The qulliq, incandescent light bulbs, candles, lightning, oil lanterns, wood burning fires, flares, and the like] Can they think of some light sources that don’t? [Some light emitting diodes (LEDs)]
Next Session: Tomorrow we’re going to investigate what happens when to a beam of light when it shines on a material or object that’s in it’s path.




	Lesson 8 
	

	
	Observing What Happens to a Beam of Light when It Shines on a Material or Object that’s in Its Path 

Diffused reflection from opaque materials



	
	What You Need:

1.   An assortment of opaque materials – mirror, smooth black Bristol board, smooth white Bristol board, sandpaper, aluminum foil (if possible, cut into 10 X 10 cm squares or 12 X12 cm squares) for each pair of children

2.   Flashlights (1/every two children)

3.   Glitter (crystal-like or white, not coloured)

4.   Polished (mirror-like) metal surface

5.   Science journals

6.   Pencils

7.   Book about the Moon 

8.   “Light” word wall

9.   “Light” bulletin board

10.   Materials on snow goggles and snow blindness from the Grade 2 sciecne unit, Return of the Sun
    10.   13 December 1990 interview with Aipilik Inuksuk

    11.   02 January 1987 interview with Rachael Ujarasuk and Rebecca Irnguat

   

	
	What You Do:

1. Review the work of the previous session by asking the children what they think will happen when you place a polished metal surface in the path of the beam of the flashlight (held in your hand)? When you’re certain they understand the reflection of the beam of light by the mirror-like surface, ask the children what they think happens to a beam of light when it shines on a material that doesn’t have a mirrored surface (as you ask this question show the opaque materials they will be testing, but don’t describe the materials as opaque). 

2. Hand out the opaque materials, glitter, and flashlights. Go over the two tests the children are to carry out with a partner. These are: 

a.   Place the mirror, back Bristol board and white Bristol board on a countertop that runs along a wall.          - Switch on the flashlight and shine the beam of light, at an angle, on the mirror so that the reflected onto the wall. 

- Look carefully at the spot of light on the wall. What does it look like?

- Next, shine the beam of light from the flashlight, held at the same angle, on the smooth white Bristol board.   

- Again, look carefully at the spot of light on the wall. What does it look like?

- Is it brighter or duller than the spot of light reflected from the mirror? 

- Finally, shine the beam of light from the flashlight, held at the same angle, on the smooth black Bristol board. - Is the spot of reflected light on the wall, brighter than the mirror or white Bristol board or is it duller?

- Record your observations (brightest spot to dullest spot) on a new page (with date and heading) in your science journal. 

b.   Place the white Bristol board, aluminum foil, aluminum foil that has been slightly crumpled and opened up, and the sandpaper on the countertop that was used to test the mirror and the black and white Bristol boards.

- Sprinkle glitter on the white Bristol board. What does this do to the surface of the Bristol board? Does it still appear smooth?

- Shine the beam from the flashlight onto each of the four materials as was done in (a). Again, pay close attention to the light that is reflected onto the wall. 

- Is the spot of reflected light as obvious as it was from the mirror or white Bristol board?  Does it more closely resemble the light reflected from the black Bristol board? 

- How does the reflected light from the smooth aluminum foil surface compare with the reflected light from the surface of the mirror?

- How does the reflected light from the crumpled aluminum foil surface compare with the reflected light from the smooth aluminum foil surface? 

- How does the glitter on the smooth white Bristol board affect the beam of light that is reflected?

- Record your observations (under a new heading) in your science journal.

3. When each group of children has completed the two tests, encourage a discussion of the results. 

[You might want to remind the children that “reflection” is the scientific word that means the same thing as “throw back” and “redirect”.] 

4. Focus on the affect of the colour of a material on the brightness of the reflected light and the affect of the texture of a material on the light reflected. 

5. Through guided questioning, help children to recognize that materials do not reflect light equally: 

- Most of the light reflects off light coloured surfaces and not much light reflects off dark coloured surfaces. 

- Dark colours, in fact, absorb almost all light and this is the reason for the water reaching higher temperatures in the dark containers in Lesson 6 (It is also the reason for light coloured clothing being worn in locations were is it generally sunny and hot year round). 

- The texture of a material, whether smooth like the mirror or rough like the sandpaper, also has an enormous effect on light. 

- In the activity the children have completed, the light reflecting from the clean mirror should have been almost as bright as the flashlight beam. 

- The smooth shiny foil will have been about half as bright as the reflected light from the mirror, the crumpled foil and glitter would have caused the light to bounce off in all directions.

6.   How does the reflected light from the glitter-covered surface, compare with the mirror and the smooth white Bristol board without glitter? Determine the material, found out-of-doors, the glitter reminds the children of (Hopefully the glitter will remind the children of snow crystals/snow flakes). Link the results of the reflected light tests to the experiences the children have with sunlight that reflects off snow. Is it as bright or brighter than the reflected light from the glitter-covered surface? Using what they have just learned about light, invite the children to explain why this might be.

7.   Link to Inuit Knowledge (IQ): Show the images of the Inuit snow goggles from the Grade 2 “Return of the Sun” unit. Ask the children why they think these goggles helped hunters to avoid snow blindness. Read or have children read the excerpts from interviews and texts that describe the snow goggles and their use.

8.   At this point, if you believe that children understand the scientific ideas suggested by their collected data and discussed in Step 5, help them to recognize that we see the Sun and other stars in the night sky, as well as switched-on battery powered and electric powered lights and the light from candles and the qulliq and Coleman stoves because these natural and human made objects are luminous sources of light. They create light rather than reflect light. We see everything else that isn’t a luminous source of light because of the light they reflect. If there was no light shining on these non-luminous objects, we wouldn’t seen them because to see them they need to reflect some or all of the light that strikes them (Link this to Lesson 1, “Can We See in the Absence of Light?”.

[Note: For your own information, it’s important to know that mirrors cause the light rays in a beam to reflect evenly, or regularly (even though they change direction, they do so the same amount, and continue moving as a beam as was observed in Lesson 5). Rough surfaces of opaque materials, on the other hand, cause the rays in a beam of light to scatter and spread out in all directions. In an even/regular reflection, an image, not a reflecting surface is seen. In an uneven/irregular reflection, a reflecting surface, but no image is seen.]

9.   Introduce the name scientists use for materials that reflect some light (as opposed to all of the light a mirror reflects): “diffused reflection”. 

10.   Invite the children to suggest new words for the “Light” word wall (e.g., absorb, diffused reflection, light in colour, dark in colour, smooth texture, rough texture). 

11.   From these new words, determine those that children are to add (with definitions) to the glossary in their science journals.

12.   Ask if any of the questions on the “Light” bulletin board have been answered. Are there new questions that the children would like to add? If “yes”, then add these question.
Closure: Consider reading a book about the Moon. Before reading, determine how many of the children listed the Moon at a source of light. The Moon is a source of light, but it does not make it’s own light as the Sun and other stars do. It is non-luminous. The Moon reflects light from the Sun. Like darker coloured objects, however, the Moon does not reflect all of the sunlight that falls upon it. Some of the Sun’s light is absorbed. If it did reflect all of this light, we wouldn’t be able to look at it. It would simply be too bright.

Like the Moon, Earth also glows (as do the other planets, e.g. Venus -called the “morning star” when in the east and the “evening star” when in the west). Astronauts refer Earth’s reflected light from the Sun as “planetshine” or as Earthshine when reflected Earthlight is visible on the Moon’s nightside. You’ll find very good images of Earthshine on the Wikipedia website (http://en.wikipedia.org/wiki/Earthshine). 

It would also be interesting, if not mentioned by the book you read, to help children to realize that we only see one side of the Moon from Earth. This is because the Moon makes one rotation every orbit. That is, it turns only once on its imaginary axis in the same time period (27.32166 days) that it travels once around Earth (27.32166 days). What’s also interesting is that without an atmosphere like we have around Earth, the temperatures average 107 (C during the day and -153 (C during the night. (In the permanently shaded south polar basin the average surface temperature at night is  -233 (C.) This means that the temperature can increase 280 (C between Sunrise and Lunar noon. Amazing! [Statistics for temperature can be found at the following websites: The Artemis Project, Lunar Surface Temperatures, http://www.asi.org/adb/m/03/05/average-temperatures.html and Calvin J. Hamilton, Views of the Solar System, The Moon, Moon Statistics, http://www.solarviews.com/eng/moon.htm#stats.

Link to Inuit Knowledge (IQ): Read or have children read the excerpts from the interview with Aipilik Inuksuk and the interview with Rachael Ujaasuk and Rebecca Irngaut. Both suggest how important the light of the Moon was to hunters and hunting during the period of darkness.

Next Session: Do you think all materials reflect at least some of the light that shines on them? Can you think of materials that don’t reflect any light? 



	Materials and Resources for Lesson 8

	

	Inuit Snow Goggles in the Film, Atanarjuat (The Fast Runner)
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Atanarjuat (The Fast Runner), Photo Galleries: Movie 

http://www.atanarjuat.com/galleries/movie.php




	Inuit Snow Goggles from the eastern Arctic
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. 

Canadian Museum of Civilization catalogue number IX-C-2846

Canadian Museum of Civilization slide number S89-1832



	Inuit Snow Goggles from the Central Arctic (exterior view)
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Canadian Museum of Civilization catalogue number IV-D-505

Canadian Museum of Civilization slide number S91-8364




	Inuit Snow Goggles from the Central Arctic (interior view)
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Canadian Museum of Civilization catalogue number IV-D-505

Canadian Museum of Civilization slide number S91-8365




	Snow Goggles made for Explorer William Parry by Iglulingmuit in the early 1820s (lower pair only)
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Gift of John Barrow 

British Museum, London England

Ethno 1855,11-26.458 Room 26, North America, case 10, panel 7

Ethno 1824,4-10.12 Room 26, North America, Case 10, panel7

	Couple with Snow Goggles
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	Helen Kalvak

Holman Island 1982, Stencil Print

Helen Kalvak (n.d.). Houston North Gallery. 

Retrieved April 10, 2007, from http://www.houston-north-gallery.ns.ca/Kalvak.html


	Snow Blindness

	

	Ian Dyck, Canadian Museum of Civilization

	
	Another problem associated with winter travel was, and still is, a condition known as snow blindness. This occurs when the combination of direct sunlight and glare from snow is too intense for the human eye. It is a condition, which may be very painful, may last for days, and which hinders travel.
The most ancient and widespread method for avoiding snow blindness was the use of snow goggles, a device known in northern Europe, northern Asia and northern North America. Snow goggles were made in many different styles. In general, they consisted of an opaque eye-covering made of a material such as wood, leather, bone or ivory. Narrow slits or small holes were cut into them to allow a limited range of vision. A string or thong was attached to each end and could be tied around the head to keep the goggles in place. Snow goggles reduced harmful light and actually improved visibility.

Ian Dyck. (n.d.). Snow Travel in Ancient Canada. 

Canadian Museum of Civilization – Oracle. 

Retrieved April 9, 2007, from http://www.civilization.ca/educat/oracle/modules/iandyck/page01_e.html


	J.C.H. King
	

	
	Snow goggles were probably first made at the time of the Old Bering Sea Culture in Siberia, up to two thousand years ago, and perhaps a thousand years before medieval Europeans began to use spectacles. Historic Arctic peoples across the North American Arctic from Alaska to Greenland used goggles when hunting and traveling. They helped them to avoid snow-blindness in bright spring conditions. They also protect the eyes from the cold. The main disadvantage of snow goggles is that the wearer cannot see the ground properly, a serious drawback when traveling on rough or rotten sea ice.

Early European explorers recognized their usefulness and commissioned goggles for their crew. William Parry, who collected the lower pair on his second voyage in search for the Northwest Passage in 1822, recorded that, while wintering in the Arctic during the 1820s, he employed Iglulingmiut to make some snow goggles:

'... as the time was fast approaching when some such precaution would become necessary to guard the eyes from the excessive glare of reflected light.'
Snow Goggles of Caribou Antler. (n.d.). 

Excerpt from J.C.H. King (1999). First Peoples, First Contacts: 

Native People of North America, p. 90. London: The British Museum Press.

The British Museum - Compass Collections Online. Retrieved 09 April 2007,

 from http://www.thebritishmuseum.ac.uk/compass/obj4899.html



	John Bennett and Susan Rowley
	

	
	The arctic sun is very hard on the eyes. While traveling in bright sun on the snow or on the sea, people commonly suffered from snow blindness. Snow goggles (iggaak) made from wood, antler, or ivory protected the eyes. The only light that could enter was by means of a narrow, thin slit. In addition, the interior of the goggles was usually blackened with soot from the qulliq. Nevertheless, the Inuit did suffer from snow blindness (p. 217-218).



	Excerpt from Lorson 1968: 14-16, as cited in Bennett and Rowley, 2004, p. 218.

	
	A few drops of oil were administered in cases of snow blindness caused in the spring by the reflection of the sun on the snow. When first poured on the eye, the oil produced a very acute burning sensation, but afterwards brought relief to the patient. One would also smear one’s face with seal oil. A taboo concerning food was imposed in such a cure: one could not eat the contents of a [caribou] stomach…

Sometimes a whitish substance formed on the globe on the eye. One would permit a louse, tied by a hair, to turn in the substance. With a little patience, one was soon rid of the discomfort.  


	Excerpt from an Interview with George Agiaq Kappianaq IE-454

	
	Q. 
Before they started to use sunglasses, surely they must have had snow blindness? 

A. 
Very much so, snow blindness has always been around, from the time of my childhood I always experienced snow blindness once in a while. In those days they use to make snow goggles made from wood. My father use to have wooden snow goggles, with slit for opening. 

Q. 
Are they effective? 

A. 
They are very effective as it cuts the light, the shade over the eyes are hollowed, these slits are the only one that are bright the rest is dark. The openings which are slits are only light, they really do cut the light from the snow. Inside the hollow would be darkened with soot. These are where the eyes are which are hollowed; these then are blackened with soot. 

Q. 
Would they have to remove their goggles when they are going to shoot? 

A. 
No, they do not, because you have a good viewpoint through the slits. 




	Hunting and Traveling in the Moon’s light

	

	Interview with Aipilik Inuksuk 

	
	Q. We are now in a period of  tuuvigjuak [darkest season], what did they do in the past when it was at this time? 

A.  The one that I have seen was that they did not pay any attention to the fact that there was hardly any daylight hours. If they were satisfied with their hunting grounds, they did not pay too much attention to the dark period. They would continue to hunt despite the fact that it might be dark. Sometimes there were journeys to other parts at this particular time. So it really did not have all that much impact on the mobility of the people. 

The moon, especially in the taqiriktillugu [full moon] was very much capitalized. One could hunt seals on the frozen leads. I once caught a seal in the moonlight. As long as there is a lead and the sky is clear one could hunt seals in this period, and it is also a  happy experience. Indeed, the moon played an important role during the period of tauviIkjuaq (darkness). 

Also during the time when we were trapping for foxes, we used to travel by the moon light. In those days the period tauviIkjuaq (darkness) of was used more for trapping foxes. This was especially the case during our time when there was enough dog food at our disposal, and we felt that there was enough to last us through to the time when the daylight hours would be returning. Also at this particular period, one would still hunt seals whenever the conditions permitted. Even if there was no moon out, as long as it was clear we would still get to travel. 

Interview by Louis Tapardjuk, 13 December 1990, File No. IE-164, translated by Louis Tapardjuk




	Interview with Rachael Ujarasuk and Rebecca Irngaut

	
	There was something that we use to hear that goes like this. When one depended on live game animals from early winter, this was misgiving. When one has to depend on live game animals right from the early winter, the dark season seem to be so long. As the daylight starts to return, this is the time when one can be freed from hardship. With the longer daylight, there was more time to hunt. 

They would hunt seal by mauliq [hunting seals at their breathing holes in the ice] with the moon light at night whenever the weather was calm. Seals sometimes were caught at night using the moon for light.

Interview by Paul Irngaut, 02 January 1987, File No. IE-012, translated by Louis Tapardjuk




	Lesson 9 
	

	
	Observing What Happens to a Beam of Light when It Shines on a Material or Object that’s in Its Path 

Opaque, translucent and transparent materials 



	
	What You Need:

1.   An assortment of opaque, translucent, and transparent materials (if possible, cut into 10 X 10 cm squares or 12 X12 cm squares) for each pair of children

2.   Flashlights (1/every two children)

3.   Page of print material (1/each pair of children)

4.   Recording sheet (1/child)

5.   Science journals

6.   Pencils

7.   “Light” word wall

8.   “Light” bulletin board 

     9.   Copy Jose Angutingurniq’s description of seal hunting

   10.   Copy of “The old way of living” told by Askayook Etoangat

   11.   Copy of “The things that the Eskimos did” told by Jim  Kilabuk



	
	What You Do:

1. Review the work of the previous session (diffused reflection from materials). Then invite the children to discuss the questions posed at the end of the previous class: Do you think all materials reflect at least some of the light that shines on them? Can you think of materials that don’t reflect any light? Make a list of these materials that the children name.

2. Show the transparent, translucent, and opaque materials they will be testing (don’t describe the materials using this scientific terminology) while asking the children what they think will happen to a beam of light when it shines on the materials in your hands. 

3. Hand out the materials, flashlights, the recording sheet, and the page of print material. Go over the three tests the children are to carry out with a partner. These are: 

a. Sort the collection of materials by shining the beam of a flashlight through each material (one-at-a-time) to determine if (1) the light passes through, (2) only some of the light passes through, or (3) the light is blocked and no light passes through, or (4) the light is blocked and reflected (bounced back). Record the results on the recording sheet.

b. Sort the collection of materials by placing each material (one-at-a-time) on top of the page of print material to determine if (1) the print on the page could be clearly seen, (2) the print on the page could be seen but not as clearly as in (1), and (3) the print on the page could not be seen at all. Record the results on the recording sheet.

c. Sort the collection of materials by placing each material (one-at-a-time) in front of your eyes to determine if (1) you can see clearly thought the material, (2) you can see through the material but not as clearly as in (1), and (3) you can’t see anything through the material.

4. When each group of children has completed the three tests, use the recording sheet to determine the three most obvious patterns: 

a. the materials that blocked the  light also hid the printing on the page and were the materials that we couldn’t see through; 

b. the materials that allowed all light to pass through are also the materials that allowed the printing on the page to be clearly seen and were the materials that we could  see most clearly through (it was almost as if the material was not there; and 

c. the materials that allowed some of the light to pass through were also the materials that allowed the printing on the page to be seen, but not clearly, and were the materials the we could see some things through, but not clearly. 

5. Inquire to determine if the children have names for each kind of material based on the effect it has on a beam of light. What name might we give to identify each group? Can they think of another word that says the same thing as “pass through” (e.g., the material lets all of the light pass through). 

6. Introduce the names scientists would use: opaque for (a), transparent for (b), and translucent for (c). Perhaps the children have heard these words. Inquire to find out where (in conversations, in books, on television…). Transparent materials “transmit” light. Translucent materials “transmit” some of the light. Opaque materials appear to block the light. 

7. Look for additional patterns in the data, for example: How many items on their recording sheet have a check mark under reflection? Help them to see that the materials that reflected most of the light from the flashlight were also opaque. 

8. Invite the children to suggest new words for the “Light” word wall (e.g., transparent, translucent, opaque, transmit).

9. These new terms (with definitions) are to be added to the glossary in their science journals.

10. Ask if any of the questions on the “Light” bulletin board have been answered. Are there new questions that the children would like to add? If “yes”, then add these questions.
Journal Entry: It would be wonderful to write riddles, poems, or stories that focus on the outcome and the interactions of light with materials. If time is a limiting factor, ask each child to list his/her favourite opaque and translucent and transparent objects, and to share their list with a friend. The friend must agree that the objects are identified correctly as opaque, translucent or opaque (peer assessment). Their signature on the page indicates they have discussed the list with their partner, with corrections, if needed.

Link to Indigenous Knowledge:  In the Grade 2 unit, The Return of the Sun, children learned that men wouldn’t hunt for seals if the ice was too thin, because a seal could see the hunter’s kamiks through the ice when he was standing at a nulataq (conical shaped breathing hole) and would not come up for air, or a seal could see the hunter’s shadow on the ice and would swim away to look for another breathing hole. One way to fool the seal would be to stand on an opaque skin or to put down earth to darken the area around the breathing hole. Read or have the children read the stories and interview excerpts of Jose Angutingurniq, Jim Kilabuk, and Alsayook Etoangat. They tell how difficult “the old way of living” actually was. Discuss what the shiled used to hunt seals may have been made of and whether it was transparent, translucent or opaque.
.
Closure: Use the new scientific terminology in an observation game. What objects can you see in the classroom that are transparent? Translucent? Opaque? Reflective? Using these classifications, ask: What are most of the objects in the classroom? Transparent? Translucent? Opaque? Would this be the same in your home? In the local environment? This language can also be used in games of “I Spy” or when determining the order in which children will line up at the door (e.g. those with reflective material on their sneakers, those with a transparent object on their body, those wearing an object that is both opaque and translucent or opaque and transparent).

Next Session: Do you think there is a reason for selecting opaque, translucent, or transparent materials when particular objects are being designed and then manufactured? Why might you want transparent or translucent windows? Would there even be a reason to make a glass window opaque?



	Materials and Resources for Lesson 9

	

	Recording Sheet

	All Light Can Pass Through 

Some Light Can Pass Through 

No Light Passes Through 

No Light Passes Through, All Light is Reflected

All Print Can be Clearly Seen

Some Print Can be Seen, but not Clearly

None of the Print Can be Seen

I Can See Through Clearly 

I Can See Through but Not Clearly

I Can’t See 

Through

Aluminum  Foil 

Paper Towel

Ceramic Tile

Wood

Art/Craft Foam

Plastic Wrap

Cardboard

Mirror 
Cotton Gauze

Denim Fabric

Waxed Paper

Plexiglas

Felt




	Seal Hunting on Ice

	                                               [image: image27.jpg]






	Jose Angutingurniq

	
	A hunter makes a hole in the ice. He then puts down earth to try to darken that area around it … he builds a snow house over it, and then puts a lot of earth around it. Every attempt is made to darken it, to shade it from the sun. They also used sealskins to cut out the light. The house and the sod surrounding it are called igluagaq.

As there is no qulliq [lamp], the darkenss is nearly complete in those places; but once you close the doorway the interior is lit from the water instead – from the sun’s glare filtering back up through the ocean. The water is not that deep, and it’s very bright. Thought it is dark inside the snow house, you can see right down through the bright ice. You can see the water.

The actual hole is called angmiutaq. It’s quite wide, but it’s mostly covered over with ice. 

There is just enough room for the harpoon to go through.

Once the hunter harpoons the seal he takes it outside and kills it there [so that the smell of the blood does not stay in the hole, warning other seals]. Then he covers the hole up with ice again.

Cited in John Bennett and Susan Lowrey, 2004, Uaqalurait: An Oral History of Nunavut, pp. 369-370.



	Aksayook Etoangat, age 75, of Pangnirtung 

	
	We didn’t have any guns to hunt with; so we had to wait for seals beside their air holes. Very early in the mornings a man would wake every other man, shouring. He would shout that it was time to go hunt seals. The men would walk down to the bay and wait beside the seal holes for a seal to come up. They would try to get a seal that had lots of blood in it because blood is good for the people. When a spear or harpoon was used the seal had more blood in it, but if a gun was used most of the blood poured out of the seal. When the seal was harpooned or speared, the men plugged the hole which the harpoon had made with a walrus tusk. This is how they used to do it on the old days to keep the blood from pouring out.

Later they would cut up the meat to take home for their family. They would save almost everything of the seal. Even the long intestines are good to eat when cooked.

Some me would catch quite a few seals, while some didn’t catch any at all, but we all shared our food with one another. When all of the men came home from their trips, and after they had settled down, the men who had caught seals would call the people to come and eat together… (p. 41).

When the prople ate they would have some meat, not very much because we had to save for some other time, and they would also have some of the blood in place of tea because in those days we didn’t have any tea or coffee to drink. If some people didn’t want meat right there, they would save it and take it home to eat later on, but they would always have some fo the blood from the seal to drink… (p. 42).

Then the next day the men would go hunt seals again, to a different place this time. At this time the men who didn’t get a seal the day before would try harder to catch one, but sometimes they didn’t catch any at all… (p. 42).

Sometimes men used to go seal hunting at night. While they waited during the night, they would tie their legs together so that they wouldn’t move because if they mide the slightest sound the seal might not come up for air. All night long they would have their legs tied together waiting for the seal to come up. While they waited, they would float something on top of th water in the seal hole so that when the seal came up for air the men would know when to harpoon it. All they did was wait for a seal to come up and were patient while waiting.

When the men had caught a seal, they would until their legs and pull it up.

Men went out too, with white shields to hide themselves so that the seals wouldn’t see them coming. Some men didn’t have a shield; so the had to crawl on the ice to go after the seals. It took a long time to get to the seal, but it was the only way to get the seals if you wanted to have meat (p. 45). 

Sometimes the men would like to move faster, but if the seal found out that there was something after him, he’d just go down the seal hole and wouldn’t come up for hours; so the men had to go quite slowly if they wanted to catch it and take it home…

The people hunted for food and for clothes for their children. They tried hard to do so…

When they went out to hunt, some didn’t even have anything to hunt with or any other thing at all. They didn’t have food with them because there was nothing to eat. The only time they’d eat was when somebody caught a seal. But they went out with nothing. There were a lot of men; so there was no doubt that one of them would get a seal or two. The men would be quite happy going home to their families with some meat for them to eat… (p. 46).

“The old way of living” 

in Stories from Pangnirtung, Hurtig Publishers, Edmonton, pp. 41-54



	Jim Kilabuk, age 74, from Backlin Island

	
	In those days we were hungry. Sometimes the animals that we ate were hard to catch, and when there was no more food to eat, we had to eat the skins. We pulled the fur off the skins and burned it so that we could eat the skins. They tasted awful but there was nothing else to eat. We also ate some fat. We cooked it in a pot and ate it just like that because there was nothing else. When we were hungry we would eat anything that was not poison or bad to eat. We ate anything to keep alive…(p. 38).

When I was old enough, I went out hunting with the men. We had to wait beside a seal hole for a seal to come up, and we would often wait a long time. We sometimes waited all day and all night without eating or drinking… (p. 39).

In the early days the only way to go after a seal was by crawling on your stomach. We had a shield to keep out of sight form the seal. We also had a small kamootik to which the shield was attached, and it had a sharp point in front so that when the seal was near enough we could push the small kamootik hard and the sharp point would hit the seal. Even if a man crawled into the water, he didn’t care. He was after a seal and he didn’t care if he got himself all wet. He had to have food to feed his family. That was how most men hunted seals… (p. 49). 

“ The things that the Eskimo did”, 

in Stories from Pangnirtung, Hurtig Publishers, Edmonton, pp. 34-40.




	Lesson 10
	

	
	Evaluating Packaging and the Usefulness of a Material for a Particular Task 

Opaque, translucent, and transparent materials 



	
	What You Need:

1.   Clear, glass jar of applesauce or some other fruit

2.   Metal can of applesauce or some other fruit

3.   Clear, transparent, plastic container of liquid soap, dish detergent or shampoo

4.   Opaque plastic container of liquid soap, dish detergent or shampoo

5.   Packages of spaghetti (in boxboard, in plastic, and in boxboard with a cellophane-like window)

6.   Envelopes (opaque, opaque with transparent window, translucent)

7.   Science journals

8.   Pencils  

9.   Pencil crayons

10. “Light” word wall

11. “Light” bulletin board



	
	What You Do:

1. Review the content of the previous lesson by posing the following questions for discussion:

a. 
Why might we want air and window glass to be transparent?


b.
Why might we want walls and floors and steps to be opaque?


c. 
What do you think the world would be like if all materials were opaque? If all materials were transparent? If all materials were reflective?
 

2. Hold up a glass jar of applesauce (or some other fruit) and a can of applesauce (or some other fruit) and ask the children the following question: Why do you suppose this manufacturer chose to sell applesauce in a transparent glass jar and this manufacturer chose to sell applesauce in an opaque can? What would be good reasons for the can? (Distribution over longs distances with little breakage. Security, cans are impossible to tamper with.) What would be good reasons for the jar? (Customers can see what they are buying. Convenient for opening, closing, and reusing – the product does not have to be consumed when opening and another container does not have to be used to store what remains.)

3. Continue the discussion, this time showing an opaque plastic container of liquid soap and a clear, transparent plastic container of liquid soap. Both are plastic, why would the manufacturer of one choose a transparent container and the manufacturer of the other choose an opaque container? What are good reasons for using a transparent container for this kind of product? What are good reasons for using an opaque container? NOTE: Although both containers are durable and similar in production cost, sunlight and store lights cause colour fading of the contents of the transparent container, thus reducing the shelf life. Not only is the careful and costly design of the product compromised, but the loss of colour can damage a manufacturer’s branding image. The same deterioration by light can happen to vitamins, medicines, and foods. As a consequence, they are often packaged in opaque containers or brown-tinted containers that filter out UV radiation.

4. Give each table group two or three packages of spaghetti: one in an opaque boxboard container with printed labeling, one in clear plastic with printed labels, and one in an opaque boxboard container with a transparent cellophane-like window and printed labeling or three different kinds of envelopes (opaque, opaque with a transparent window, translucent). Ask those with the spaghetti to evaluate the “usefulness” of the packaging materials. That is, what are the pros and cons of using each. Assume that all of the spaghetti is shipped to Winnipeg from Montreal, Quebec (2368 kilometers) and sold in local grocery stores. Ask those with the envelopes to evaluate the usefulness of each type, (For example, would they send a cheque or bill or letter or birthday card in all three?) All children are to illustrate and record their evaluation of each package or envelope in their science journals. If time permits, invite each table group to share their evaluations with the class. 

5. Invite the children to suggest new words for the “Light” word wall.
6. Ask if any of the questions on the “Light” bulletin board have been answered. Are there new questions that the children would like to add? If “yes”, then add these question.
Closure: Encourage children to discuss whether packaging has ever influenced their decision to buy a product like cookies, cereal, or beverages. Imagine if every product in a grocery store was in an opaque container. Do you think there are good reasons, in addition to aesthetic reasons, for packaging goods in transparent, translucent, and/or opaque materials? Would it also be possible to evaluate the usefulness of the opaque, transparent, translucent, and reflective materials used in products like lamp shades, window blinds, and screening.

Homework: Ask the children to look carefully at the lamps (floor, table, and wall) in their house. Note how many have transparent (tinted or clear glass or tinted or clear plastic), translucent (paper, fabric), or opaque (metals). Then, in the evening when these lights are on, how does the material that the shade is made of affect the light?

Next Session: Could we make shadows if everything in the world was transparent? Given what you know about materials and the materials in objects, what materials and objects do you think make shadows when light shines on them? 




	Lesson 11

	
	Observing Shadows

What causes a shadow? 



	
	What You Need:

1.   Sunny day

2.   Science journals

3.   Pencils

4.   Pencil crayons

5.   A scarf that is translucent (worn by the teacher)

6.   “Light” word wall

7.   “Light” bulletin board

8.   How Day and Night were Made, in Brian Lewis, 1968, Eskimo Myths. Arctic Reading Series, Reader Thirteen, pp. 1-2.

9.   The Hare Makes the Earth to be Light, in John MacDonald, 2000, The Arctic Sky: Inuit Astronomy, Styar Lore, and Legend, pp. 262.



	
	What You Do: 

1. When the children have taken their seats at the start of the school day, invite them to share their investigations of the lamps in their homes, the materials the lamp shades are constructed from, and how the material (whether paper, fabric, metal, glass) affects the way light travels from the lamp’s bulb. Is there a pattern that can be found in the shared data. For example, do the lamps that light a room have shades made of a particular kind of material? Do the lamps that are used for by an individual for a particular task (e.g., reading, wood carving, knitting, and other “hand work”) have shades made of a material that is different form those lamps used to illuminate a room?

2. Begin the science lesson with a game of outdoor shadow tag. Unlike the game of mirror tag in Lesson 5, children try not to let the person chosen to be “it” step on their shadow. You want to help the children to realize what they have to do, in terms of the Sun’s position, to make their shadow smaller or thinner or in front of them as they run. Perhaps they can even make it disappear. After several rounds (a new person becomes “it” if the person who is “it” manages to step on that individual’s shadow), ask the children to stop, and look at their shadow. Is it in front of them, behind them, on the left side of their body, or on the right side of their body? Is everyone’s shadow pointing in the same direction? Where is the Sun? (Safety Caution: Never look directly at the Sun.) If they want to be able to face their shadow, is the Sun shining on the front of their body, or is it shining on the back of their body? Where is the Sun when their shadow is thinnest? Where does their shadow make contact with their body? If they jump into the air, is the shadow still connected to their body? Are the shadows of the buildings and trees and playground equipment all facing in the same direction? Is their shadow in this direction too? Does the tallest object make the longest shadow? 

3. When these questions have been thought about, discussed, explored, and answered, have the children look closely at their shadow and the shadows of those children standing next to them. Is their shadow the same darkness throughout or does it get lighter in places (e.g. along the edge, or where their translucent clothing may not make contact with their body). Is the darkness of their shadow the same as their neighbours’ or do these shadows vary in darkness? Is there evidence to support the claims made? 

Inquire to determine if they understand why a shadow occurs: 

a. Would the children see shadows if it was an overcast and cloudy day. 

b. What would happen to each child’s shadow on a sunny day if a cloud passed between him/her and the Sun? 

c. Would there be a shadow if light could travel out from a source and move around objects in its path [as opposed to being blocked]? 

d. Is the shadow formed by an object always in the shape of the object blocking the light?

e. Invite the children to define opaque, translucent, and transparent with respect to the light that strikes it. [All of the light passes through, some of the light passes through and some of the light is blocked, or all of the light is totally blocked]. If the Sun is shining and there are no clouds, would  translucent objects, which block some of the light, but not all, cast a shadow? 

[If no child is wearing an item of clothing that is translucent, use the scarf you are wearing (included in materials list)]. Ask the children if there is a difference in the shadow made by their body with opaque clothing covering it and the shadow made by their translucent clothing (or your scarf) where it is not in contact with your body (or your opaque clothing)?  Remove your scarf, carefully unfold it between your two hands, and hold it over your head. Does the scarf make a shadow? If yes, how does this shadow compare with the shadow of your body? 

Given that the shadow of a translucent object, like the scarf, will be less dark than the shadow created by an opaque object, would transparent objects, which allow all of the light to pass through, cast a shadow? How could we test to find out?

4. Invite the children to form a shadow line (each child will have to stand at the top of the shadow head of a child next to them). Before walking into the school, ask if they will see their shadow and if it will look just like the shadow caused by blocking the Sun’s light?  They are to give you the answer as they pass you on their way into the building and return to the classroom. 

5. Invite the children to suggest new words for the “Light” word wall (e.g., shadow).
6. Ask if any of the questions on the “Light” bulletin board have been answered. Are there new questions that the children would like to add?
Closure: Was there a difference between their outdoor shadow (where the Sun was the source of light) and their indoor shadow (where electric fluorescent bulbs are the source of light)? Encourage the children to share and discuss these differences?  Tell them that they are to (1) write in their journal about shadows (what is needed for a shadow to form in Sunlight and why a shadow is formed) and they are to (2) create an illustration that shows the Sun, an object, and the object’s shadow [where the shadow would fall given the position of the Sun relative to the object]. Discuss the title for their illustration. Write the negotiated title on the board as well as the list of the components their illustration is to include. Remind them to look at the word wall for the correct spelling of labels (e.g., Sun, object, light source, shadow). 

During E.L.A./Language and Literacy: Consider reading a book that explains day and night. How many of the children, before listening to you read, would have realized that nighttime is a consequence of being in the Earth’s shadow? If time permits demonstrate this phenomenon using a globe and the light from the overhead projector. As the Earth turns away from the Sun, it is no longer illuminated because only half of the nearly spherical Earth is in the straight path of the Sun’s light. The Earth itself blocks the light and casts the shadow on that portion facing away from the Sun.

Link to Inuit Knowledge (IQ): Read or invite the children to read the Inuit legends about the origin of day and night, How Day and Night were Made and The Hare makes the Earth to be Light.
Next Session: Is it possible to make a shadow bigger (or smaller)? Is it possible to change the shape of an object’s shadow? Is it possible to change the location of an object’s shadow? If you believe it is possible, think about what would have to be done to change a shadow’s size, shape, and location.




	Materials and Resources for Lesson 11

	

	The Hare Makes the Earth to be Light

	
	In the very first times there was no light on earth. Everything was in darkness, the lands could not be seen, the animals could not be seen. And still, both people and animals lived on earth, but there was no difference between them. They lived promiscuously: a person could be an animal, and an animal could become a human being. There were wolves, bears, and foxes, but as soon as they turned into humans they were all the same. They may have had different habits, but all spoke the same tongue, lived in the same kind of house, and spoke and hunted in the same way.

That is the way they lived here on earth in the very earliest times, times that no on can understand now. That was the time when magic words were made. A word spoken by chance would suddenly become powerful, and what people wanted to happen could happen, and nobody could explain how it was.

From those times, when everybody lived promiscuously, when sometimes they were  people and other times animals, and there was no difference, a talk between a fox and a hare has been remembered.

“Taaq, taaq, taaq!” “Darkness, darkness, darkness,” said the fox. It liked the dark when it was going out to steal from the caches of the humans.

“Ulluq, ulluq, uuluq!” “Day, day, day,” said the hare. It wanted the light of day so that it could find a place to feed.

And suddenly it became as the hare wished it to be; its words were the most powerful. Day came and replaced night, and when night had gone day came again. And light and dark took turns with each other.

From: The Netsilik Eskimos, Knud Rasmussen, 1931, told by Naalungiaq 

(Central Arctic, Canada). In: John MacDonald, 2000, The Arctic Sky, p. 262.

	How Day and Night were Made

	
	The raven and the fox were not good friends; they were always fighting about something. When it was very dark the fox was happy because he could hunt without anyone seeing him. The raven, however, was always unhappy when it was dark because he could see nothing. It was then that the raven first had the idea of stealing the sun from the south.

While the raven was always trying to find the sun, the fox was very happy. It was dark all the time because the Indians who kept the sun hidden in a bag would not let it out even for a short time. They knew the raven was flying near their houses. They were taking no chances. During this time the fox was very happy and he found plenty of food for his family.

At last by a trick the raven was able to get the sun. When he brought it back with him all the men and animals were very happy. Now, if they wanted, it could be light all the time.

For many days the raven kept the sun shining in the sky and he and his family soon had plenty of food to eat. But not the poor fox. Every day he went out hunting too but, because it was light all the time, the small animals could see him coming and quickly hid themselves. Every day the fox got thinner and thinner and his fights with the raven became longer and longer. At last the fox had a meeting with the raven. 

 “Look,” said the fox. “Let’s be friends. You have the sun. Why can’t we have a night and a day one after the other? If you do that we won’t fight as much. When I am hunting, you and your family can sleep. When I am sleeping, you can do your hunting.”

“All right,” said the raven, “From now on we’ll have night and day one after the other.”

Brian W. Lewis. 1968. Eskimo Myths. Arctic Reading Series, Reader Thirteen. 

Ottawa: Curriculum Section, Education Division, 

Northern Administration Branch, Department of Indian and Northern Development.

Illustrated by Germaine Arnaktauyok. Catalogue Number: R44-1/13




	Day and Night by Germaine Arnaktauyok (Etching and Aquatint Print)
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Inuit Gallery of Vancouver

 http://www.inuit.com/InuitGraphics/germaine/germaine_arnaktauyok_prints.htm


	Lesson 12

	
	Investigating the Size, Shape, and Location of Shadows 

      Observing how the position of an object and its distance from the source of light affects the shape, location, and size of the object’s shadow

Pre-planned as a jigsaw with four centres of activity: (1) hand shadows; (2) shadow puppets; (3) the shadows of geometric solids; and (4) the sundial (gnomon). 

Depending upon the number of children in your particular class, you may want to duplicate one or two of the centres so that there are 4 children in each group.

If possible, invite parent helpers to assist at each centre, and ask that they bring a digital camera to document the work of the children in the group they oversee. Have a camera available for use as well.



	
	What You Need:

Group 1: Hand Shadows 

1.   Books about hand shadows 

Albert Almoznino. (2002). The Art of Hand Shadows. Dover Publications.

Henry Bursill. (1997). Hand Shadows and More Hand Shadows. Dover Publications.

Frank Jacobs. (1996). Fun with Hand Shadows: Dover Game and Puzzle Activity Books. Dover Publications.

Sati Achath. (1996). Fun with Hand Shadows. McGraw-hill Companies.

Phila Webb. (1990). The Little Book of Hand Shadows (Miniature Edition). Running Press Book Publishers.

2.   Page 175 of shadow creatures from Bosak, S.V. (1991). Science Is… Markham, ON: Scholastic Canada Ltd.

3.   Bright light source

4.   White wall or screen

5.   Science journal

6.   Pencils

7.   Planning board

Group 2: Shadow Puppets

1.   Books about shadow puppets

Elizabeth Adams and Bud Banis (2000). Me and My Shadows – Shadow Puppet Fun for Kids of All Ages, revised edition. Beachhouse Books.

Jill Bryant. (2002). Making Shadow Puppets (Kids Can Do It). Kids Can Press.

Bill Mayer (Illustrator) and Peter Foy (Photographer). (1995). Shadow Games: A Book of Hand & Puppet Shadows. Klutz Press.

David Wisniewski and Donna Wisniewski. (1996). Worlds of Shadow: Teaching with Shadow Puppetry. Teacher Ideas Press.

            Elizabeth Cleaver’s The Enchanted Caribou (1985). Don Mills, ON: Oxford University Press. 

The Enchanted Caribou is an Inuit story, illustrated with shadow puppets, about a young girl who is turned into a white caribou by an evil shaman. The book includes instructions for building a shadow theatre and directions (plus masters) for creating the Bristol board characters used to tell the story.

2.   Pre-formed shadow puppets from The Enchanted Caribou

3.   Shadow theatre (can be Cleaver’s box with tracing paper screen or a sheet hung from the ceiling)

4.   Bright light source

5.   Bristol board (white and black)

6.   Scissors

7.   Tape

8.   Clear straws

9.   Paper fasteners or thin wire

10. Science journal

11. Pencils

12. Planning board

Group 3: The Gnomon Sundial

1.   Books about sundials

Mitsumasa Anno. (1987). Anno’s Sundial. Philomel.

Seymour Simon. (1985). Shadow Magic. Lothrop, Lee & Shepard Books.

2.   Websites about sundials

NASA Exploration Sundial (with animation of a working sundial)

http://liftoff.msfc.nasa.gov/Academy/Earth/Sundial/Sundial.html
North American Sundial Society (NASS) on the Net


http://sundials.org/
British Sundial Society: Sundials on the Internet


http://www.sundials.co.uk/
3.   Story of the gnomon from A.G. Smith, 1992, What Time Is It? Toronto, ON: Stoddart Publishing Company, pp. 30-41 (File 28) 

4.   Area on the school grounds where the children’s work with the gnomon sundial will not be impeded (pre-panned with custodian/groundskeeper and all other colleagues)

5.   Dowel or broom stick with broom removed (approximately 60 cm in length)

6.   Hammer

7.   Long sheet of paper used to cover bulletin boards (white or pale colour and approximately 2 meters in length)

8.   Rocks to anchor the paper on the ground

9.   Meter stick

      10. Tongue depressors (12-15)

      11. Pencils  

      12. Felt pen

      13. Compass

14. Bristol board (white, 1 sheet)

15. Flashlight

16. Push pins 

17. Science journals

18. Pencils

19. Materials for Planning boards

Group 4: The Shadows of Geometric Solids 

1.   Overhead projector

2.   White wall or screen

3.   Assortment of known objects (e.g., pencil, shoe, D-cell battery, eye glasses,  placed in an opaque bag by the teacher)

4.   Assortment of unknown geometric shapes (e.g., spheres, ovals, disks, cylinders, cones, cubes, square-based pyramids, triangle-based pyramids, rectangular prisms, triangular prisms) placed in an opaque bag by the teacher

5.   Box to place around overhead projector to hide the object casting the shadow

6.   Scissors

7.   Tape

8.   Science journal

9.   Pencils

    10.   Planning board



	
	What You Do:

Group 1: Hand Shadows 

Source: Bosak, S.V., Bosak, D.A., and Puppa, B.A. (1991). Science Is… A Sourcebook of Fascinating Facts, Projects, and Activities, 2nd edition, revised. Markham, ON: Scholastic Canada, Ltd., pp. 174-175.

1.   Set up the light source so that it is focused on the white wall/screen/board.

2.   Using one or both hands try making several of the shadow creatures illustrated in the books and on the page from Bosak’s Science Is… Take turns checking the position of your fingers and hand/hands by placing them in the beam of light and observing the shadow formed on the wall. When you’ve found the position that creates the best shadow creature, observe what happens to the shadow creature when (1) you  move your hand closer to the light source (you increase the distance between your hand and the wall) and (2) you move your hand closer to the wall (you increase the distance between the light source and your hand)? Is this similar to the shadow creatures made by others in your group?

3.   Using the same hand/hands position, what’s the largest shadow creature you can make? Where is/are your hand/hands? Are they closer to the wall or closer to the light source?

4.   Where will your hand/hands have to be to make the smallest shadow creature possible? Are you closer to the wall or closer to the light source?

5.   Test to determine how to (1) create a thin shadow and (2) and wide shadow. 

6.   Predict where your hand/hands will have to be for the longest and widest shadow creature you can make. Test your prediction.

7.   Take turns making other shadow creatures. Can those watching guess the name of your shadow creature. 

8.   Is it possible for several members of your group to work together to create a shadow scene where one creature looks far away and others look closer? 

9.   Is it possible for a shadow creature to appear to grow? To shrink?

10.  If time permits consider creating a storyboard for a shadow play that you will perform in front of the class: ELA integration)

11.  In your science journal write about the shadow creature/creatures you made. Tell readers what they must do to make a shadow creature large, small, thin, wide. Illustrate your thinking (include the object, the source of light, the size of the shadow on the wall, and the position of the object with respect to the lights source and the wall). Anyone reading the directions in your journal will be able to position their hands between the wall and light sources and create a shadow creature that is large then small then thin then wide or large and thin, large and wide, small and thin or small and wide.

12.   With your group partners create a planning board that includes the following: 

(a). 
A statement of what is being investigated (e.g., “We are investigating how the position of the object with respect to the position of the source of light and the wall affect the size and shape of the object’s shadow”);

(b). The question or questions to investigate (e.g., Where are your hands in the beam of light if you want to make the smallest shadow creature possible? Where are your hand in the beam of light if you want to make the largest shadow creature possible?);  

(c).
The ‘things’ that can vary (e.g., the position of the object in the beam of light);

(d).
The ‘things’ that cannot vary (e.g., the position of the light and the distance of the light sources from the wall).

When other groups have completed their centre activity, they will have the opportunity to visit your “shadow creatures” centre, carry our the investigations on the planning board, and assess how well your directions guide them in answering the question.

Group 2: Shadow Puppets 

Identical to Group 1, with the following exceptions:

1. The children will begin by reading Cleaver’s illustrated story;

2. Teacher-made shadow puppets from The Enchanted Caribou (made of black and white Bristol board) are used to investigate the size and shape of shadows; and

3. The investigations occur behind the curtain or tracing paper screen.

(If time permits, a storyboard for a shadow puppet play is developed (here both the position of the object and the material of the object can be varied). Children should be aware of any differences materials make (e.g., colour, cellophane, fabric, cut-outs or absence of material) in the look of the shadow puppet, and they should direct – using the planning board - the children in other groups to look for these differences.)

Group 3: The Gnomon Sundial (Using Sunlight and Shadows to Tell Time)

1.   Begin by reading Smith’s story about the gnomon 

2.   Review  how to determine direction (North, South, East, West) using a compass

3.   Prepare a table in your science journal where the time and length of the 50cm gnomon can be recorded 

4.   Approximately 15 minutes before the hour, collect the following materials and follow the teacher or parent helper to the pre-selected area for the gnomon sundial on the school grounds: compass, dowel or broom stick, hammer, long sheet of paper folded in half (short end to short end), rocks, meter stick, pencil, tongue depressor, working watch, science notebooks, pencils

5.   Use the compass to determine North

6.   Lay out the paper so that the ends point East and West. Use the rocks to anchor the paper to the ground

7.   Hold the dowel 15 cm from the long edge of the paper at the folded mid-point and hammer it into the ground so that 50 cm protrude above the paper

8.   On the hour (indicated on the watch face), use the meter stick and pencil to outline the shadow of the gnomon on the paper, label a tongue depressor with the time, and insert the tongue depressor at the point, furthest from the gnomon, where the shadow ends. Measure the length of the shadow. Record this number and the time in your science journal. 

9.   Repeat the last step each full hour (as indicated on the watch face) during the school day

10.   When members of the group are not out-of-doors, use the time in the classroom to make a model of the gnomon sundial on the school grounds using the following materials: Bristol board, pencil (for gnomon) that extends 5 cm above the board, small “flags” to show the time of day, push-pins to indicate length of shadow that also attach the “flags’ with the time to the board, felt pen for indicating cardinal points (N, S, E, W),. Group members may need help determining the length of shadow for the model (1/10th scale). 

11.  Using the flashlight, they should determine the position of the Sun for the height of gnomon and the length of its shadow. 

[NOTE: Unlike the other three groups, the object stays put in this centre activity and the position of the light source changes. You want the children to recognize that this also affects, quite dramatically, the length of the shadow.]

12.   The members of the group are to work together to prepare a planning board that the three other groups of children will use when investigating with the model. 

13.   The members of each group are to use the data in their science journals to explain the relationship between the position of the Sun and the location and length of the gnomon’s shadow: Where is the Sun in the sky when the shadow is longest? In what direction does the shadow face early in the morning and late in the afternoon? At what time of day is the shadow shortest? Where is the Sun when the shortest shadow is visible? 

14.   [If children know about daylight savings time, you might ask how moving the clocks ahead one hour in the spring would affect their recorded data.]

Group 4: Shadows of Geometric Solids (Identifying Objects by Their Shadow)

Source: 
W.J. Jacobson et al. 1972. Investigating In Science, Teacher’s Guide. pp. 59-60.

1.   Begin by setting up the overhead projector with the box that may have to be cut and taped in order to prevent observers from seeing the object or objects placed on the glass of the overhead projector. Observers should only see the shadow on the screen or wall that is cast by the object.

2.   When the box is secure, one group member reaches into the bag of known objects (without looking), places one object selected from the bag on the overhead projector, and turns on the switch for the light. Members of the group are asked to identify the object by observing only the shadow. Continue until each person in the group has had an opportunity to select and illuminate an object.

3.   Discuss whether it could have been possible to have placed any one of the objects from the bag on the overhead projector so that it would have been difficult to identify the object by the shadow it cast? Test ideas to determine answer. 

4.   When finished, switch off the light of the overhead projector, return the known objects to the bag, and set it aside. Retrieve the bag of unknown objects.

5.   One group member at a time reaches into the bag of unknown geometric shapes, places the retrieved object on the glass of the overhead projector (again out of sight of all other group members), and decides how best to place the geometric shape so that its identity will be difficult to determine from the shadow cast. When placed, the source of light is switched on and each member of the group, without saying a word, draws the shadow in their science journal and writes the name the object from its shadow along with the information that led them to the identity. Without any discussion, the group member who chose the object, switches off the source of light, changes the position of the shape on the glass of the overhead projector so that it will cast a different shadow (e.g., if placed on its base, a cone could cast a shadow that resembles the shadow of a cylinder, a 2-dimensional circle, or a sphere, but if placed on its “side” the cone will cast a shadow that resembles a 2-dimensional triangle, a square-based pyramid, or a triangular-based prism) and switches on the source of light. Group members draw the second shadow in their science journal and note the name, if different, along with the information that caused them to change their identification of the shape. Again the light of the overhead projector is switched off and the group members discuss their data before the shape is shown.

6.   A second individual from the group draws a new shape from the bag and the activity continues as described above until all shapes have been identified.

7.   The group members should soon realize that although the shape of its shadow can often identify an object, some objects can’t be identified by just one shadow. They require two. 

8.   The group members develop a list of agreed upon objects in the classroom that fall into this latter category. This list is to be included in each group member’s science journal.

9.   Together the group members construct a planning board that will help members of their class investigate the importance of position in identifying an object on the basis of its shadow. 

Invite all of the children to suggest new words for the “Light” word wall.
Ask if any of the questions on the “Light” bulletin board have been answered. Are there new questions that the children would like to add?
Closure: Invite each group to share their planning board with the class. Suggest that each group of students visit the different centres during choice time over the next few days. When the activities at each of the centres have been tried and recorded in each child’s science journal, the groups that created the planning boards for each centre will demonstrate the main concept to be learned from their centre and answer questions.

Next Session: Pose the following question to be answered with a partner as a “Think-Pair-Share): Does a mirror or mirrored surface that redirects/reflects the light cast a shadow?  When children have thought about this and discussed their thinking with a partner, ask for a show of hands (a prediction: “Yes” or “No”). Carry out the test as a demonstration (involving one child who voted “yes” and another child who voted “no”) using a mirror and flashlight near a white wall. Discuss the children’s observations and the answer to the question posed. We have learned that opaque objects that are mirror-like can re-direct or reflect the light and that opaque objects that do not reflect all of the light that strikes them block the light and create shadows. What do you think might happen when light shines through transparent materials like clear glass, plastic, water, or a glass/plastic bottle filled with water? Do you remember what you observed when we filled the aquarium/bowl with milky water (in Lesson 4)? [The light from the flashlight and the light from the laser pointer entered the side of the aquarium and traveled through the milky water in a straight path.] Tomorrow we what to observe what happens when the light enters the aquarium at an angle, not parallel to the surface of the water.




	Materials and Resources for Lesson 12

	

	Hand Shadows 

	                                                                           [image: image29.jpg]SHADOW CREATURES

49 @

GIRAFFE Hounp CAMEL

ANOTHER RaBBIT! GoAT

ELEPHANT




Susan Bosak, 1991, Science Is…, Markhan, ON: Scholastic Canada Ltd., p. 175.


	Story of the Gnomon and Sundials (A.G. Smith, 1992, What Time Is It? Toronto, ON: Stoddart Publishing Company, pp. 30-41)
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SUNDIALS

The first two divisions of time that ancient peoples likely recognized were
night and day. They would also have noticed that the sun came up over the
eastern horizon, and rose and set again below the western horizon. As the sun
moved, they would have observed that the shadows cast by trees, rocks and
their own bodies were long in the morning, short at midday and long again in
the evening. To tell time, they may at first have made a mark in the dirt to
indicate the position of a tree’s shadow at noon. The first sundial was likely
just a stick placed upright in the ground with a few stones positioned in a
semicircle around it.

Eventually, it was discovered that the shadow cast by a gnomon, or sundial
pole, slanted at the same angle as the earth’s axis and remained constant
regardless of the season. After this discovery was made, people were able to
construct much more accurate sundials. The slant principle is used in the gar-
den sundials we are familiar with today.

For perhaps as many as 20 centuries, the sundial was the most commonly
used timekeeping device. Even after mechanical clocks were invented, men
could be seen setting their watches by the noon marking of the sundial in the
town square.
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Structures for observing the movement of the heavenly bodies have been
found among the remains of many ancient civilizations. The great megalithic
circle, Stonehenge, begun more than 4,000 years ago in southern England,
was once thought to have been a Druid temple. Archeologists now believe it
was built as an astronomical observatory. Other stone formations, such as the
large Medicine Wheel constructed by native Americans in Wyoming, were
probably large clocks and observatories.

Many early stone structures marked the summer solstice of June 21 or 22,
the day of the year when shadows are the shortest. Special celebrations were
often held on this day.
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	  [image: image34.jpg]While these great observatories and timekeepers were being perfected, hum-
bler sun-and-shadow devices were being developed for calculating the hours of
the day. By the 10th century B.C., the Egyptians were using a T-shaped “time
stick.” It consisted of one vertical stick and one crossbar. The names of five






	[image: image35.jpg]hours were written in hieroglyphics on the stick. In the morning, the time
stick was placed so that it faced east. The shadow of the crossbar would then
fall across the stick and move toward the crossbar until noon. To mark the
afternoon hours, the time stick was turned to face west.






	[image: image36.jpg]The Greeks and Romans also used sun and shadow to tell time. In 450 B.C.,
the historian Herodotus wrote that it was the Babylonians who taught the
Greeks about the gnomon, or sundial pole, and about dividing the day into 12
parts. After their conquest of Egypt, the Romans brought back a giant obelisk,
marked with hieroglyphics, and placed it in a square to serve as a gnomon for a
great sundial. In 200 B.C., the Roman playwright Plautus cursed “... the wretch
who first ... set a sundial in the marketplace to chop my day into pieces.”
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MEDIEVAL SUNDIALS

During the Middle Ages, sundials were built into the walls of churches. The
sundial was placed so it faced south. The gnomon was placed in the dial at an
angle based on the sundial’s latitude. Time was told by the angle of the shad-
ow, which moved around the dial like the hands of a modern clock.

The sundial on Kirkdale Church in Yorkshire was constructed in 1060. It
divided the day into 8 daylight “tides” (Anglo-Saxon hours), rather than 12.

Several hundred miles south, at Chartres in France, an angel built into the
cathedral wall holds a vertical sundial that divides the day into 12 hours.

In the Middle Ages, time was often viewed as a symbol of mortality.
Timepieces on churches were therefore frequently accompanied by comments
about the end of time when death would no longer exist. These words, for
instance, were written into the grand calendar at Bergiers in France: “And the
angel of judgement will proclaim an end to time.”
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UNUSUAL SUNDIALS

In northern Europe, peasants used sundials carved into the bottoms of their
wooden clogs. To tell the time, a peasant would take off his shoe and stand it
up facing the sun. The hour was told by the shadow the heel cast on the dial!

Another medieval European folk device for telling time was the “hand dial.”
The gnomon on this simple sundial was just a stick. It was held by the thumb
at an angle. To tell the morning hours, the gnomon was held in the left hand
and the left hand was held horizontal to the earth, pointing west. In the after-
noon, the gnomon was held in the right hand and the right hand pointed east.
A very inexpensive watch!

Long after the invention of mechanical clocks had made sundials a thing of
the past, people still made sundials for fun. In the 19th century, sun cannons
were even made. They consisted of a sundial and a small cannon. A magnify-
ing glass was mounted above the cannon at such an angle that when the sun
passed at noon, the glass would focus the sun’s light onto the cannon’s fuse.

The result — BANG!
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	Lesson 13
	

	
	Refraction Changes the Appearance of Things 

Observing what happens to a beam of light when it passes through one transparent material (air/gas) into another transparent material (water/liquid 

Note: If you have a cut-glass crystal sun catcher, hang it in a Sun lit window today. You want children, on their own and without direction from you, to become aware of the patches of coloured light, or tiny rainbows, that seem to be made when light shines on or through it. This will be the focus of Lesson 15: Bending light to determine its colour.



	
	What You Need:

1.   Aquarium or glass bowl with water

2.   Milk

3.   Flashlight

4.   Laser pointer

5.   Clear and clean beverage glasses 

6.   Water to fill glasses

7.   Straws and spoons 

8.   Ziploc sandwich bags (empty)

9.   Ziploc sandwich bags (1/2 filled with approximately 350 ml of water) 

10.   Pages from newspapers and magazines

11.   Waxed paper or clear plastic

12.   Droppers (containing water)

13.   2-liter soda bottles (clear, clean with labels removed, and capped)

14.   2-liter soda bottles (clear, clean with labels removed, filled with water and capped)

15.   Science journals

16.   Pencils

17.   “Light” word wall

18.   “Light “ bulletin board



	
	What You Do:

1. Engage children in a review of Lesson 9 (when light shines an opaque object in its path, the light striking the object is blocked and a shadow of the opaque object is formed; the size, shape, and location of the object is determined by the position of the object with respect to the source of light).

2. Invite the children to stand around the aquarium or bowl of water, set up ahead of time.

(a) Remind the children of an identical set-up used in Lesson 4.

(b) What happened when the classroom lights were switched off and the beam of the flashlight/laser pointer was aimed at the left side of the glass aquarium filled with water? 

(c) Why was the milk added to the water? (It created particles in the water like the powder in the air.)

(d) What did it allow us to see? (Light travels through water in a straight path just as it did in air). 

(e) Inquire to determine if they remember how the beam of light was aimed (through the water but parallel to the water’s surface and the bottom of the aquarium). 

(f) Demonstrate this (through the side of the aquarium and from the top – perpendicular to the surface of the water). 

3. Tell the children that you are going to see what happens to the beam of light when it enters the water at an angle. 

(a) Demonstrate this. 

(b) What do the children see? (The beam of light is not in a straight path. Some children may say it looks bent. Others may say it looks broken.) 

(c) [One way to explain this is to remind them of the states of matter – Grade 2, Cluster 2. Air is a mixture of gases and water is a liquid. In which state of matter are the particles closer together? (Liquid particles are closer together than particles in a gas.) If you were running through the air and suddenly were running through the water, could you move as quickly through the water? Think about moving your hand through the air, and then moving the same hand through the water? What happens? (Liquid water slows down the rate at which your hand moves.) The same thing happens to light when it travels through the air into the water. We can see that it’s direction has changed, and this is due to the water having particles that are closer together than the particles that make up the air.] 

4. When the children have returned to their seats, ask for helpers to hand out the clear glass or plastic beverage glasses, spoons, and straws to each pair of children. 

(a) They are to look carefully at the spoon, put it into the beverage glass, and draw what they observe while looking through the side of the beverage glass. 

(b) When pairs of children have completed their drawing, pour water into the beverage glass until it is 2/3 full. 

(c) Encourage the children to draw what they see while again looking through the side of the beverage glass. [The spoon looks broken, the portion of the spoon in the water is located behind that portion of the spoon in the air, and the portion of the spoon in the water appears larger.] 

(d) Where does the spoon look broken? (At the surface of the water, or the air-water interface). 

(e) Does the spoon still look broken if viewed from the top of the beverage glass, looking down through the water? (No.) 

(f) [Compare this to the light entering the aquarium at an angle (the path is no longer a straight path) and parallel to the waters surface (the light moves through the water in a straight path).] 

(g) Replace the spoon with a straw. Are the results similar? 

(h) Would the results be the same if your pencil was used in place of the spoon/straw? 

(i) Draw how you expect it to appear before testing. Record your results. 

5. Invite children to discuss their observations. [Listen for the language they use.] 

(a) Does the object placed in the water look anything like the beam of light in the milky water of the aquarium? 

(b) If the bent look of the beam of light is due to the light passing from one transparent medium (air) into another transparent medium (water), could it be responsible for the broken look of the spoon, straw and pencil? 

(c) Guide children in this discussion. Can they think of experiences where objects in water appeared bent or broken (cf., a paddle or oar)? 

(d) [This could also be an appropriate time for introducing the scientific word for the phenomenon observed, refraction, and if children are not using it in their speech, for the scientific words, magnify and magnification. Refraction is the scientific term for the bending of light as it passes from one transparent material or medium into another transparent material or medium of greater or lesser optical density.] 

(e) Add these words to the “Light” word wall. 

6. Now, lets try to determine why the part of the spoon, straw and pencil in the water looks bigger than the part that is in the air above the water. What’s involved? 

(a) Guide the children in a discussion of all possible variables [air, material from which the beverage glasses are made (i.e., glass or plastic), water, or the material from which the beverage glass is made plus the water it contains]. 

(b) List the variables on the board or on chart paper as they are mentioned. 

(c) Pose the following question: Are there any of these four variables that we can eliminate without testing? Invite discussion. 

(d) Guide thinking with questions such as these: Does the spoon look bent when it’s held in the air? Does the spoon look bent when it’s placed inside the beverage glass and surrounded inside and outside the beverage glass by air? What variables can we eliminate? [Air and the beverage glass.] What variables remain? [Water and the beverage glass filled with water.] 

(e) Invite the children to design a test that will determine whether it is the water or the water-filled beverage glass that “magnifies” the size of the spoon.

7. The best way I have found to do this is to use non-leak ZipLoc sandwich bags.  

(a) First, the children lay these over the print on the page of a newspaper or magazine and observe the letters through the plastic to determine if there is any difference in their size compared to the letters not viewed through the plastic. 

Do the letters look the same? Do the letters appear smaller? Do the letters appear bigger? [There shouldn’t be any change. It’s similar to looking through a piece of clear glass.]

(b) Second, water is added to each Ziploc bag until it is nearly ½ full (~ 350 ml) and as much of the air as is possible is pushed out of the bag before closing. [To save time, have these prepared before the lesson begins.] 

(c) Again, and very carefully, the children flatten the Ziploc bag with water over the print on the page of the newspaper or magazine and observe the letters to determine if there is any magnification. 

If bubbles of trapped air are present, encourage the children to determine if there is a difference in the size of the letters when they are observed through the water and through the largest air bubble. [There shouldn’t be.] 

Encourage a discussion of the children’s observations. 

Their observational data should suggest that the water itself does not magnify [or is it a layer of water that does not magnify?] 

Is this a good/accurate conclusion to make? 

Invite discussion.  

Help them to realize that it’s possible that the shape water takes, given the container it’s in, may be an important variable. 

Let’s find out.

(d) Third, each child is given a piece of waxed paper or clear plastic and a water-filled dropper [similar to a medicine dropper]. 

The waxed paper is placed over the printed page of the newspaper or magazine, and a fairly good size water droplet is made on the waxed paper using the dropper. 

Children looking at the print through the droplet will observe that the print is larger than the print that is not underneath the droplet. 

Does the print look different through smaller droplets, bigger droplets or with droplets that have a higher dome? 

With your guidance, this observational data should suggest that the domed shape of the water droplet has magnifying properties. 

To test this idea, each child lifts the Ziploc bag off the newspaper or magazine and holds it so that all of the water fills the bottom half. 

The top half without water (and sealed) is carefully rolled down (teacher demonstrates this process) until it meets the water-filled half. 

The bag should resemble a water-filled plastic cylinder. When it is placed over the printed page of the newspaper of magazine, letters underneath the water will appear larger. 

Is it possible to make the letters bigger by changing the shape of the bag? 

Discuss the children’s observational data. [Guide them to a comparison with the water droplet, if this is not mentioned.] 

How is the water in the plastic bag like the water droplet on the waxed paper? Do they both enlarge the print on the page? Do they have similar shapes? [A flat surface in contact with the newspaper and magazine and a dome-shaped surface where it is not in contact with the newspaper [table or desktop]. 

(e)  This might be the best time to compare the shape of a water droplet and the cylindrical shape of the plastic water-filled Ziploc bag with the shape of the lens of a magnifying glass. How are the shapes similar? How are the shapes different? [Magnifying glasses are lenses that bulge out and produce an enlarged image of the object you are looking at.]

8. Show the children two, 2-liter soda bottles [one that appears empty and the other that is filled with water] that have all labels removed and are clear and clean.

(a) Ask the children what is inside of each bottle (air in one, water in the other). 

(b) The children are to make two predictions, in writing [in their science journals] about the appearance of the letters on the page when they look through the bottle filled with air [Prediction 1] and about the appearance of  the letters on the page when they look through the bottle filled with water [Prediction 2]. 

(c) They are also expected to explain/justify [using their new knowledge], in writing, the reasons for the predictions they have written. 

(d) If time permits, [or wait until the next period for science] hand out empty and water-filled 2-liter soda bottles. 

(e) The children place each over the printed page of the newspaper or magazine and observe the shape and size of the letters under each bottle. 

(f) Just like the water-filled Zip-loc bags in the shape of a cylinder, the water-filled bottle magnifies the print. 

(g) This should be the evidence children need to realize that water in clear, cylindrical containers can make objects and print look bigger than they actually are. 

(h) If they’re not convinced, they should take the spoon, straw or pencil out of the water filled beverage glass in 5 above, dry it off, and place it behind the water filled beverage glass. 

(i) When looking at it through the water-filled beverage glass, it should appear just as large as it did when it was in the water. 

(j) The children are to (1) write and illustrate their observations, (2) write whether their predictions were right or wrong, and (3) write whether their explanations were accurate or inaccurate. If inaccurate, they should (4) write a new accurate explanation. 

Consider: Set up a centre where children can investigate the magnifying properties of clear glass marbles, clear acrylic or glass hemispheres, and water-filled transparent containers in a variety of shapes. 
9. Invite the children to suggest additional words for the “Light” word wall (refraction, magnify, and magnification were added in Step 4)

10. Ask if any of the questions on the “Light” bulletin board have been answered. Are there new questions that the children would like to add? If “yes”, then add these questions.
Closure: Synthesize and clarify if necessary, although this likely occurred in the Step 6 discussions.

Next Session:  Today we looked at refraction, the path light takes as it travels through the air (a transparent and gaseous medium) and into water (a transparent and liquid medium). What do you think will happen to the straight path of light if the light moves through the air into a solid transparent medium like a lens? 




	Lesson 14

	
	Observing What Happens to a Beam of Light When it Passes Through One Transparent Material (air/gas) Into a Solid Transparent Material (acrylic/glass)? 

Using lenses to bend light 



	
	What You Need:

1.   Darkened classroom

2.   Light sources (flashlights or ray boxes with baffles with 3-5 slits)

3.   Clear, beverage glass

4.   Water

5.   Double concave lenses (lenses that bulge inwards, thicker on the edges and thinner in the middle)

6.   Double convex lenses (lenses that bulge outwards, thinner at the edges and thicker in the middle)

7.   Planoconcave lenses (lenses that bulge inwards on one side and are flat on the opposite side)

8.   Planoconvex lenses (lenses that bulge outwards on one side and at flat on the opposite side)

9.   Chart paper or black board

    10.   Science journals

    11    Pencils

    12.   Straight edge or ruler

    13.   Scientific illustrations of light rays

    14.   Invited Elder (to speak about the materials used to make windows when the only materials available were those that came from the land and water)

    15.   Interview with Nathan Qumanaq (recollection of the ice windows in igloos)

    16.   Image of ice window in igloo built in Quebec

    17.   Image of translucent igloo (at night, underneath a sky with Northern Lights)



	
	What You Do:

1. Engage children in a review of Lesson 10 using the following discrepant event (teacher demonstrated), The Disappearing and Appearing Coin (A.E. Friedl, 1991, Teaching Science to Children: An Integrated Approach, Second Edition, New York, NY: McGraw-Hill, Inc., pp. 111-113). 

(a) Place a coin under a beaker or clear beverage glass

(b) Ask the children to observe (view) the coin through the side of the glass (not from above or from the level of their desk or table)

(c) As children view the coin, pour water into the glass. 

(d) The coin will appear to disappear right in front of their eyes. 

(e) Invite the children to describe and explain what they just observed. Why did the coin appear to disappear? [Again, it’s a consequence of refraction. When water is added, the light from the coin is bent upward so much that it goes out the top of the glass. To be seen, the light from the coin must pass through of the side of the glass when viewed from that angle.] Invite the children to further explore this phenomenon with their family members at home.

(f) Place a coin (copper penny) inside and on the bottom of another beaker or clear beverage glass.

(g) Ask the children to stand back far enough so that the coin (copper penny) is just out of sight.

(h) As the children continue to observe, pour water into the glass.

(i) The penny will lift into view.

(j) Invite the children to describe and explain what they just observed. Why did the coin appear to reappear? [When water is added, the light is bent down, as a consequence of refraction, so that the coin becomes visible.]

(k) Invite the children to further explore these phenomena with their family members at home.

2. Discuss with the children, when light shines at an angle and from the air into water, it bends because it is slowed down by a transparent material that is denser, and its direction is changed. [We know the molecules in a liquid are closer together and more densely packed that the molecules in a gas which are further apart and less densely packed.] We can take advantage of this property of light to make objects (like printed letters on a page) appear bigger by using water droplets and water-filled transparent containers that have a cylindrical shape and a magnifying lens that is thin at the edge and thicker in the middle. 

Note: Refraction is also responsible for water in lakes and oceans appearing less deep than it actually is and for fish in the water appearing closer to the surface than they actually are. To be successful searing a fish, you would have to aim below the place you see the fish.

3. Distribute pencils and science journals. Ask children to write the date on a new, clean page.

4. Using a think-draw-pair-share, invite the children to first consider and then draw how they could best represent the path of light as it shines on (a) an opaque material, (b) a translucent material, and (c) a transparent material. 

5. When these three diagrams are complete (including labels), they can show, discuss, and critique what they have illustrated with a neighbour. Bring these paired discussions to a close by asking for a volunteer to illustrate (on the board or chart paper and under the heading “Transparent”) how they have represented light striking/shining on a transparent material. 

6. If several children have represented this with an illustration that is different, invite them to describe how their thinking and illustrations differ. These should also be drawn on the board or chart paper. 

7. Move on, using the same process, to the illustrations of light striking opaque materials and, finally, translucent materials. When completed, discuss the clarity of the illustrations for each kind of material. Ask what could be done to improve the light-material interaction being represented. 

8. Compare the illustrations with the illustrations of the same phenomena represented by scientists in textbooks (see Materials and Resources at the end of the lesson). 

9. Ask for a volunteer to scientifically represent the beam of light that passes at an angle from the air into water and makes objects, like spoons and pencils, look bent or broken.  Invite the children to critique the illustration for clarity. The corrected version (use a scientific illustration in a textbook if corrections are necessary) should be drawn in their science journal and labeled. 

10. Explain to the children that they (in partners or small groups) are going to be looking and drawing the path light takes when it passes through 

            (a)   the side of a clear beverage glass with water (the same glass used in Lesson 10),  

            (b)   a lens that is thin on the sides and thicker in the middle, and 

            (c)   a lens that is thicker on the sides and thin in the middle. 

11. Demonstrate how they are to position the ray box with baffle on a new page in their science journal, where to locate the beverage glass and the lenses (one at a time) in the beams of light, and how to use a pencil and ruler to trace the beams of light (through the air between the ray box and the beverage glass or lens and through the beverage glass or lens and out into the air).

12. While distributing the beverage glasses and the two types of lenses to each pair of children remind them that they are to draw and label what they see just as you demonstrated. 

13. When these diagrams have been made, discuss with the children what they noticed about the beams of light and what their illustrations show happened to the direction of the beams of light when they passed from the ray box into the air, through each one of the three shapes, and out from each lens or water filled glass and into the air.  

14. Help them to notice 

      (a) the parallel beams that leave the ray box, 

      (b1) the lens that causes the light beams to bend outwards (disperse), 

      (b2) that the light beams that enter the lens near the thicker ends bend outwards more than the light beams that enter the lens in the thinner middle and 

      (b3) that the beams of light are bent even more as they pass through the lens and into the air, 

      (c1) the lens that caused the light beams to bend inward (converge), 

      (c2) that the light beams that enter the lens near the thinner ends of the lens bend inward more than the light beams that enter the thicker middle, and 

      (c3) that the beams of light bend inward to a point when they enter the air on the other side of the lens, and

      (d) the similarity between the water filled beverage glass and the double convex lens [both caused the  parallel beams of light to move inward and converge. 

15. Distribute the planoconcave and planoconvex lenses [using this terminology is not necessary]. 

17. Ask the children to predict, on the basis of what they have seen with the double convex and concave lenses, what the new [plano] lenses will do to the beams of light from the ray box when the light beams pass through the concave or convex side first). 

18. When their two predictions have been entered (drawing and writing) onto a new page, with a title, in their science journal, they can conduct the test as in Steps 5 and 6, recording the illustrated and labeled results in their journal. They should also indicate in writing if their predictions were correct or incorrect and compare the converging property of the single convex lens with the double convex lens (did both focus the beams of light equally) and the diverging property of the single concave lens with the double concave lens (did both spread out the beams of light equally). 

19. Link to Inuit Knowledge (IQ): 

(a) Read or have the children read the edited recollection of  Nathan Qamaniq (IE-442, Making windows, interviewed by Louis Tapardjuk on April 4, 2000 and view the image of the ice window in the igloo in Quebec.

(b) If possible invite an Elder to the classroom who can show how bearded seal intestine can be filled with air, dried, cut, and sewn together to make a window. Children, at the very least, should have an opportunity to hold the dried intestine and determine it’s translucency/opacity and talk about the work (from hunting to preparing, constructing, and positioning the window in the wall or ceiling of an igloo) and ingenuity that was required to have the Sun as a natural light source, in addition to the qulliq, in a shelter built of blocks of snow. 

(c) If an Elder is present, ask when a window made of ice would have been used in place of intestine (to corroborate the experience of Mr. Qamaniq ). 

- What you want to learn about is the transparency of sea ice (salt water) compared with the   transparency of  lake ice and river ice (fresh water). 

                - Would sea ice have been used if there were no lakes in the vicinity?  

                - How was ice for a window attained from the ocean or a lake and prepared? 

                - Was size or shape important? 

       - Before inviting the Elder to discuss the shape and shaping of the piece of window ice (How was this done? What tools were needed? Was it always done?), ask the children what they think the best shape would have been given what they know about lenses and to explain why. Would it be concave (single or double) or convex (single or double)? [We’re assuming the people occupying an igloo with one ice window would want the interior space to be illuminated as much as possible.] 

(d)  If the Elder has made an ice lens that is convex, you might want to encourage him/her to explain how it could substitute for a flint or match on sunny days. This is knowledge that arrived with the Europeans. I haven’t included it in the lesson because you may not what children to fabricate such lenses and use them to start wood fires or to ignite cigarettes and pipes of tobacco as the European whalers and explorers likely did. This is, however, a good example of light energy that is also a source of heat energy as it is the heat in the focused Sun’s light that allows the temperature to increase to the burning point of a particular material whether this material is dried vegetation, paper, or fabric. It is also one reason not to leave clear glass bottles lying on ground with vegetation. They act like lenses (as was shown in the previous lesson) and focus the Sun’s light on the ground. If the vegetation is dry, a fire can result. 

20. Encourage the children to discuss windows made of intestine and ice with their parents and grandparents.

21. Ask and encourage the student to write a paragraph about the ice and intestine windows used in igloos and the best shape for a window made of ice. With a show of hands, determine how many children believe the snow blocks used in constructing an igloo are opaque or translucent. Show the photograph of the igloo illuminated with a candle. This is information they may want to incorporate in their description.

22. Invite the children to suggest additional words for the “Light” word wall (e.g., convex lens, concave lens)

23. Ask if any of the questions on the “Light” bulletin board have been answered. Are there new questions that the children would like to add? If “yes”, then add these questions.
Closure: Synthesize and clarify if necessary.

Next Session:  Today we looked at refraction, the path light takes as it travels through the air (a transparent and gaseous medium) and into convex and concave lenses (a transparent and solid medium). Tomorrow we are going to look at what happens to the beams of light when they move from the ray box and pass through a transparent solid in the shape of a triangular prism? If you already know what happens, think about why it happens and try to come up with an explanation? 




	Materials and Resources for Lesson 14

	Light Rays
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Light Rays, Electrical Engineering Training Series, Integrated Publishing

http://www.tpub.com/neets/book10/39g.htm


	Interview with Nathan Qamaniq (Making Windows)

	
	Q. What about the windows in igloos? Of course they do make windows for them [igloos] don't they? 

A. Of course they do. A window for an igloo without a lining is usually fitted with an ice block. When the igloo is fitted with a lining, the ice tended to melt from the heat, so for this reason, material for a window was prepared from either a walrus baculum membrane or bearded seal intestines could be used. When bearded seal intestines were used, they had to remove the inner fibre, then the strips of intestines were sewn together. 

Q. So they would make it large enough to make a window with? 

A. Very much so. It is about this wide (uses fingers to show a length of about 15 centimeters). Air is blown into the intestine to expand it. Then it is dried. When dry, it is going to be split, and each piece is sewn together with other pieces of died intestine to make a nice window; though it is not transparent. 

Q. So the width is about the length of a pen? 

A. It is slightly narrower, once air is blown into it, it is going to stretch. In this way it is going to be dried. Once it is dried then it is going to be spliced. Then the pieces are going to be sewn together. Once the size has been reached, the edges are going to be sewn to a seal skin for the fringe. Then it is going to make a good window. It will light up the interior. The edges are going to be outside the igloo covering the snow outside, and the inside rim is going to be sewn on to the lining so that snow is not exposed. Even heat will not destroy a window made from dried bearded seal intestine. However, they used to use ice for windows when they did not fit their igloo with a lining. Ice windows, when the frost from within is removed, bring in a lot more light. That was the way it was.

Interview by Louis Tapardjiuk, 04 April 2000, File No. IE-442, translated by Louis Tapardjuk




	River Ice Window in Igloo 
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Igloo Construction, Kangirsujuaq, Quebec, at City Noise, Wednesday, February 15, 2006 

http://citynoise.org/article/3000



	Igloo with Northern Lights (Aurora borealis)

	

	                                                                      [image: image45.jpg]



Northern Lights over Candle Lit Igloo, Churchill,  Yvette Cardozo (Photographer)

Index Stock Imagery (RM) Image #22991593, Jupiter Images

http://www.jupiterimages.com/popup2.aspx?navigationSubType=itemdetails&itemID=22991593

	Lesson 15

	
	Observing what happens to a beam of light when it passes from one transparent material (air/gas) into a transparent water prism or acrylic/glass triangular-shaped prism 

Looking at the Colours of Light 



	
	What You Need:

1.   Strong Sunlight

2.   Cut-glass crystal (sun catcher) hanging in a window

3.   Clear glass or plastic containers (Pyrex square or rectangular cake pans)

4.   Water

5.   Mirrors

6.   Modeling clay (Plasticine)

7.   White poster board

8.   Chart paper or black board

9.   Triangular prisms (clear plastic or glass)

10.   Science journals

11.   Pencils

12.   Pencil crayons

13.   Images of prism with spectral colours and water prism with spectral colours



	
	What You Do:

1. Encourage the children to look carefully at the spots of coloured light that move and dance around the room when you gently touch the sun catcher hanging in the window. What do they notice? 

(a) Are all of the spots of light, when at rest, the same colour and the same pattern of colours? 

(b) Do the spots of coloured light remind them of anything else they may have once seen? 

(c) How do they think the coloured spots of light are being made? 

(d) Make the children’s ideas explicit by writing each on the board or piece of chart paper. Ask the children to vote, by a show of hands, on the idea they believe is the best explanation. 

[You want to determine if there are children who think the cut-glass crystal gives colour to the light, and if there are children who think the cut-glass crystal, like a lens that slows down and bends light, is doing something to the Sun’s light. (That is, light from the Sun is made up of colours and the crystal is causing the colours to appear.] 
2. Distribute pencil crayons, pencils, and science journals. Ask children to write the date on a new, clean page and then draw one of the spots of light paying attention to the order of colours, and labeling the colours they can name. 

3. This would be an appropriate time for eliciting the names of the colours, namely: red, orange, yellow green, blue, indigo, and violet. You might also want to introduce one way that many children are helped to remember these colours – the mnemonic, Roy G. Biv. Each of the letters in the man’s name stands for one of the seven colours. 

Note: You should aware of the fact that Isaac Newton identified these seven “spectrum” colours, but not necessarily because he saw all seven. The human eye is relative insensitive to indigo. Many physicists currently believe that indigo is as shade of blue or violet and should not be considered one of the seven colours of light visible to the human eye.

4. Distribute the prisms. Explain to the children that you would like them to use the prism and move it around in a beam of sunlight until they can see the spectral colours. They are 

(a) to find out how the sunlight must enter the prism for the spectral colors to be seen, 

(b) to  determine if there is more than one position to hold the prism in the beam of light for the spectrum to occur, 

(c) to draw, with proper heading and labeling in their science journals, the spectral colours they create with the prism, and

(d) compare the order and pattern of colours using the prism with the order and pattern of colours created by the crystal sun catcher in the window (and illustrated in their science journals).

5. Invite the children to discuss their observations and journal entries. Are the colours and the order of the colours similar or different? Did they think the colours would be the same and in the same order?

6. Check with the children to determine if there are new explanations for the how the spectral colours are being made. List these new ideas on with board with the ideas presented in Step 1c.

7. Collect the prisms.

8. Distribute a glass or plastic container, a loonie size piece of Plasticine/modeling clay, white Bristol board, and mirror to each small group of children.

Note: The number of groups will be determined by the materials you have been able to gather for the activity.

9. If it is clear, bright, and not too cool outside, ask the children to line up with their materials (including science journals and pencils) and follow you (as you carry several large containers of water) to a sunny area on the school grounds.

10. Help the children to set up their investigation, using the following directions:

(a) Place the glass or plastic container on level ground

(b) Place the small piece of Plasticine on the bottom of the mirror

(c) Rest the mirror at an angle against the side of the container 

(d) Press the Plasticine against the bottom of the container so that the mirror is firmly in place

(e) Position the container so that the mirror is facing the sun

(f) Hold the white Bristol board so that the sunlight reflected by the mirror falls on it 

(g) Slowly pour water into the container until it is almost to the rim

(h) Adjust the position of the Bristol board so that the reflection form the mirror in the water continues to fall upon it.

11. What do the children see on the white Birstol board? Is it a spot of bright light (as in Lesson 8)? Is it a spectrum? 

12. Focus the children’s attention on the colours by asking if  the colours are the same colours and in the same order as they observed (and recorded) in the classroom when a prism was investigated and the coloured light was compared with the spectral spots made by the crystal sun catcher. Encourage the children to explain what they see and to explain why the spectral colours appeared after the water was added to the container. What must the water be doing?

13. Guide the children toward the realization that they have created a water prism. Shar Levein and Leslie Johnstone (the authors of The Optics Book, 1998, Sterling Publishers, Toronto, Ontario) offer the following explanation: “The light was reflected from the mirror through a prism-shaped wedge of water. The wedge of water separated the sunlight into the colors of the spectrum, as a glass prism does.” 

14. Ask the children to illustrate (with labels) and explain in writing the results of the activity just completed.

15. Return to the classroom with the materials.  

16. Invite the children to suggest additional words for the “Light” word wall (e.g., prism, spectrum, colours) and the glossary in their science journal.

17. Ask if any of the questions on the “Light” bulletin board have been answered. Are there new questions that the children would like to add? If “yes”, then add these questions.
Closure: Encourage the children to share their observations and scientific thinking about the three activities (e.g., the spectrum made by the sun catcher, the prism, and the water prism). Are there new explanations to add to the list (from Step 1c and Step 6) on the board? Are there explanations in this list that the children believe the evidence from the three activities refutes? Discuss these suggestions.

Next Session: Tell the students that the “puzzle” of the spectral colours was not solved until the late 1600s and early 1700s, or more that 300 year ago. Tomorrow they are going to hear the story about the scientist who was able to explain what the prism was actually doing to the light, and they will have the opportunity to repeat his experiments.




	 Results of Using a Prism and Water Prism 
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Andrew Davidhazy, “Spectrum made visible by Dispersion with a Prism refracting each wavelength making up “white” light to a different angle”, prism #4982, www.rit.edu/~andpph/ exhibit-spectrum.html 
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“Spectrum Activities, A Water-Prism”, 

http://www.valemount.com/joel/lightoptics/actspect.htm


	Lesson 16

	
	Newton’s Prism Experiments
Understanding dispersion with a prism that refracts each wavelength of white light



	
	What You Need:

1.   Triangular prisms (clear plastic or glass)

2.   Light sources (full spectrum flashlights or ray boxes with baffles made with 3-5 slits)

3.   Science journals

4.   Pencils

5.   Pencil crayons

6.   Bristol board or a thinner opaque paper (approximately 10 x 10 centimeters)

7.   Hole punch or other means to put a small hole in the centre of  the opaque paper or Bristol board

6.   Story of Newton’s experiments with light and colour

7.   Images of cave paintings

8.   Images of Leonardo da Vinci and his art and illustrations of inventions

9.   Images of Sir Isaac Newton and his experimental work on the colours of light



	
	What You Do:

1. Encourage children to look again at the explanations for the coloured light (the spectrum) listed on the board, and ask the children to vote for the explanation that they believe gives the best explanation for what a prism is doing to the light from the Sun. Votes will be cast by raising a hand (only once) for one of the items on the list as you read through them. Put the number of votes cast next to each explanation.

2. Show the images of the cave paintings from Lascaux in France and begin to tell the story, “Newton’s Experiments with Light and Colour”, or distribute copies of the story for children to read as you read.

3. At the end of the first paragraph, stop to determine from the list on the board the number of children who believe that the colours come from the material used to make the prism (or sun catcher or water prism).

4. Show the images of Leonardo da Vinci and his painting and drawings as you read the second paragraph. Stop to determine from the list on the board the number of children who believe that the colours are similar to paints and it’s possible to create different colours by mixing the primary colours (red, yellow and blue). 

5. Continue reading and determine if what Newton found was also what the children found during the previous lesson with prisms. Were the colours elongated as Newton described? Hand out the prisms with a light source, as first-hand evidence may be needed to answer the question. But first, ask the children to look at the diagrams in their science journals. Have they represented the spectrum as Newton must have seen it; “spread out in an elongated patch”? How could this be when the light shining into Newton’s room was coming through a circular hole in a shutter or blind? Perform the test with the classroom lights switched off.

6. At the end of the first sentence in paragraph four, stop to determine from the list on the board the number of children who believe that the colours are the result of a flaw of blemish in the prism. 

7. Ask the children how Newton tested his thinking about a blemish? What did he think would happen if he placed a second prism, upside down, in the path of the spectrum? Why did the second prism have to be upside down? 

8. Put two groups of children together with their prisms and ask them to test Newton’s idea. 

9. Do the children see an even more elongated spectrum? What do they observe? Encourage the children to offer explanation for why the spectrum of colours has become a spot of light?

10. Continue reading. The explanation is given in paragraph five.

11. Stop to determine from the list on the board the number of children who believe that light is composed of the seven colours identified by Newton and who used refraction to explain the appearance of the seven colours from light passing through the glass, crystal, acrylic, or water prism.

12. Distribute the Bristol board or opaque paper with a centrally placed hole to the groups formed in Step 8. Ask the children in these groups  to test Newton’s final experiment (Newton’s diagram of this experiment is included in the Materials and Resources section of the lesson). The hole in the opaque paper should be small enough for only a single colour of light to pass through. Ask the children what should happen if the prism (because of the material from which it is made or a blemish) gives colour to the light that passes through it? If the light itself is made up of the seven spectral colours, ask the children what should happen if only one of these seven colours is able to pass through a second prism?

13. Through guided questioning, help the children to recognize that the prism refracts the light that passes through it. However, it not only refracts the light, but it refracts (slows down) by a different amount each of the seven colours of light that make up sunlight. (Show the final images in the Materials and Resources section of the lesson.) Red is slowed down and bent less than orange, which is less than yellow, which is less than green, which is less than blue, which is less than indigo, which is less than violet; the colour refracted (slowed down and bent) most. This causes the colours of light to be spread out or to be dispersed. This is also the reason that the sequence of colours is always the same (e.g., ROY G BIV) whether the prism or faceted material is crystal, glass, acrylic or water.

14. Using a new page in their science journal (with date and title), the children are to write about Newton and the experiments he carried out that showed sunlight is made up of the seven colours (red, orange, yellow, green, blue, indigo, and violet) know as the spectrum.

15. Encourage the children to share their new knowledge with their parents and relatives.

16. Invite the children to suggest additional words for the “Light” word wall (e.g., Newton, dispersion) and the glossary in their science journal.

17. Ask if any of the questions on the “Light” bulletin board have been answered. Are there new questions that the children would like to add? If “yes”, then add these questions.
Next Session: Now that we know about the colour of light and refraction, can we use this new knowledge to explain some of the things we observe in the sky, for example, mirages, rainbows, and sundogs? Encourage the children to ask their parents or relatives about the mirages, rainbows, and sundogs they have seen.




	Newton’s Experiments with Light and Colour

	
	Prehistoric paintings that have been discovered on the rock walls and ceilings of caves, and the images on prehistoric pottery tell us that since the earliest times, humans have been interested in colour (Show illustration of cave painting). Initially people thought that the light from the Sun was “pure light” and that colour was the result of adding things to this pure light. Some people believed this was what a glass crystal or prism did when sun light passed through it. The material the prism was made from gave the pure light its colour. 

Other ideas that people had about colour came from artists and artist-scientists like Leonardo da Vinci. These artists based their ideas on the colours they made when mixing pigments to paint and draw with. They recognized that red, yellow and blue were the primary colours and that the primary colours along with black and white could be mixed to make any colour of paint they could imagine. The same idea was applied to different coloured beams of light, but it was an idea that wasn’t tested until Newton began to make (reflecting) telescopes. Newton used mirrors to eliminate a fuzzy ring of colour that surrounded the image formed by the glass lenses in Galileo’s (refracting) telescope. As much as Newton wanted to build a better telescope to study the night sky, he also wanted to understand the cause of the ring of colour when glass lenses were used in telescopes. So, like you, he began studying what happens to the light when it shines on a triangular glass prism.

Newton darkened a room in his house with opaque, wood shutters. (Recreate this experiment in a darkened classroom using a ray box and a triangular prism.)  In one of the shutter slats, he then made a small circular hole that the Sun’s light was able to pass through. It made a beam of white light, and Newton carefully placed the triangular faces of his prism in the beam. On the opposite wall he noticed a long patch of coloured light. This patch was violet at one end and red at the other and showed, blue, green, yellow, and orange in between. Newton named this pattern of colours the spectrum. He couldn’t explain with certainly where the colours came from, and he couldn’t explain why a beam of light would spread out in an elongated patch when the hole in the window shutter was circular. So, he changed the size of the hole in the shutter and tested. He changed the size of the glass prism and tested. He even placed the prism outside the window. None of these changes made a different spectrum on his wall. If he always held the prism in the same orientation to the beam of light, the spectrum was always the same shape and the same number and arrangement of colours. 

As a result, he decided that the spectrum must be a result of some unevenness or blemish in the glass from which the prism was made. He tested this idea by passing the beam of light through the prism, and passing the spectrum created through a second prism turned upside down. If it was a problem with the glass, and the glass was causing the beam to spread out, them passing it thought the second prism would make it spread out even more. Guess what he saw on his wall? Do you think it was an even bigger spectrum? (Recreate this experiment in a darkened classroom using a ray box and two triangular prisms.) Instead of a larger patch of colours, the spectrum that was passed through the second prism made a spot of white. It was just like the beam of sunlight that shone on the wall through the circular hole in the shutter when the single prism was not placed in its path. Yet the light had passed through two different prisms. 

With this information, Newton convinced himself that the light from the Sun is composed of colours. The prism does not add the colours as the light passes through it. The colours, violet, blue, green, yellow, orange, and red, are in the Sun’s light all of the time. The prism works by bending (refracting) each of the colours at a different angle and this spreads the beam into a spectrum.

As a further test of this idea, Newton cut a very small hole in an opaque screen on which the spectrum was projected. (Recreate this experiment in a darkened classroom using a ray box, two triangular prisms, and an opaque sheet of boxboard into which a hole has been cut.) Only one colour of light was able to pass through the hole. When he placed a second prism in the beam red light, neither white light nor the spectrum appeared, only the colour of the light that passed through the small hole in the screen. The second prism had shown that red light is composed only of red light, and that prisms don’t add colour. 



	Cave paintings
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Upper Paleolithic art, dating between 15,000 and 13,000 BCE

The Cave of Lascaux, France, http://www.culture.gouv.fr:80/culture/arcnat/lascaux/en/

Discovered 12 September, 1940; contains nearly 2,000 figures, over 900 of animals (e.g., horses, stags, cattle, bulls,)

One painting of a bull is 17 feel long (510 cm or 0.51 km) and is the largest animal discovered so far in cave art  


	Lascaux Cave paintings (close-up)
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Horse
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Bulls

	“Lascaux”, Wikipedia, http://en.wikipedia.org/wiki/Lascaux#The_images


	Leonardo da Vinci (1452-1519)
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Leonardo da Vinci, Who2 Biography, 

www.answers.com/topic/leonardo-da-vinci
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Leonardo da Vinci (self portrait)

NNDB: tracking the Entire World, http://www.nndb.com/people/813/000029726/

	Leonardo da Vinci’s Art
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Madonna Litta (ca. 1490 – 1491), Hermitage, St. Petersburg, Russia

Shelley Esaak, “How Much Art Makes Up an ‘Enormous Output?’”

About.com: Art History, http://arthistory.about.com/od/leonardo/ig/Art-in-The-Da-Vinci-Code/Madonna-Litta.htm 
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Design for a Giant Crossbow (c. 1485)

“Leonardo da Vinci”, 

http://www.arcspace.com/books/Leonardo/leonardo_book.html
	 [image: image55.jpg]



Flying Machine with Operator (1500)

“Leonardo da Vinci: His Flying Machines”

http://www.angelfire.com/electronic/awakening101/leonardo.html
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Virgin of the Rocks (1505-1508), National Gallery, London

http://en.wikipedia.org/wiki/Leonardo_da_Vinci
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Mona Lisa (1503-1505/07), Louvre, Paris, France

http://en.wikipedia.org/wiki/Leonardo_da_Vinci


	Sir Isaac Newton (1642-1727)
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Portrait of Isaac Newton, painted in 1689 by Sir Godfrey Kneller (Farleigh House, Farleigh Wallop, Hampshire, England

Robert H. van Gent, Isaac Newton and Astrology, http://www.phys.uu.nl/~vgent/astrology/newton.htm

	Sir Isaac Newton (1642-1727)
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Newton Portrayed with Phenomena He Investigated

Universal Gravitation, Motions of the Planets, Light and The Visible Spectrum, 

 and The Reflecting Telescope

“Sir Isaac Newton”,

http://teachertech.rice.edu/Participants/louviere/Newton/newton.html
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Replica of the Telescope Built by Newton

“Antique Telescopes: 17th Century Telescopes”, http://www.antiquetelescopes.org/index.html



	Newton’s Prism Experiments
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Newton’s Crucial Prism Experiment
	                            [image: image62.jpg]



The Spectrum (Seven Coloured Bands of Light)

	Paul F. Ballantyne, “History and Theory of Psychology Course”, http://www.comnet.ca/~pballan/section2(210).htm
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White Light Consists of a Spectrum of Colors

“Prism”, Getty Images, Encyclopædia Britannica Online, 

http://www.britannica.com/eb/art-90651/A-prism-spreads-white-light-into-its-various-component-wavelengths


	Newton’s Diagram (in Optiks: or A Treatise of the Reflections, Refractions, Inflections and Colours of Light, 1704)
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Using Prism (A) to Show the Colours of Light at DE, Isolating One Spectral Colour, and Using a Second Prism (F) to Show that the Isolated Colour Cannot be Further Refracted

“Newton and the Color Spectrum”, Color Vision and Art, http://webexhibits.org/colorart/bh.html


	Refraction and Dispersion of Light
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	Lesson 17

	
	Atmospheric Refraction of Light: Mirages, Rainbows, and Sundogs (parhelia)
      Interpreting Scientific Illustrations 



	
	What You Need:

1.    Photographic images of inferior mirages, superior mirages, rainbows, and sundogs

2.    Scientific illustrations of inferior mirages, superior mirages, rainbows, and sundogs

3.    Sections of John MacDonald’s The Arctic Sky that describe the Sun’s parhelia (pp. 157-159), rainbows (p. 159), and mirage (p. 185).

4.    Excerpt of interview with Theo Ikummaq, 10 December 1992 (mirage)

5.    Excerpt of interview with Hubert Amrualik, 04 October 1994 (mirage)

6.    Science journals

7.    Pencils

8.    Pencil crayons

9.    Video camera



	
	What You Do:

1. Show the images of mirages, rainbows, and sundogs and invite the children to talk about the superior mirages, inferior mirages, rainbows, and sundogs they have seen and that their parents or relatives may have mentioned.

2.    Link to Inuit Knowledge (IQ): Supplement the children’s experiences with the interview excerpts and the writing of John MacDonald.

   Encourage the children to describe the weather conditions when they saw mirages or rainbows or sundogs. Guide them to an understanding that very specific atmospheric or meteorological conditions are responsible for the occurrence of these phenomena.

    Note: Information in square brackets [ ] is intended for the teacher.

(a) Rainbows occur and can be observed whenever there are water drops in the air and the Sun is shining [at a low altitude or angle behind the person who can see a rainbow, or the rainbow effect (e.g., during a rain shower or thunderstorm, in the mist of a waterfall, or in the spray created by a wave)].

(b) Mirages occur and can be observed whenever there is a temperature gradient above the land or water or ice. [A superior image occurs when the air below the line of sight is colder than the air above. The light rays are curve down (cold air is more dense than warm air, so the rays of light slow down), and an image appears above the true object. An inferior mirage occurs when the air below the line of sight is hotter than the air above (e.g., desert sand or black asphalt or tarmac roads on a hot sunny day, both absorb infra-red radiation and become almost too hot to walk upon). The rays of light in the hot layer of air curve upward, and an image appears below the true object.  Because the layer of air nearest the desert sand will be an even higher temperature than the air at the top of the layer of hot air, rays coming from the top of an object will be bent less that the rays coming from the bottom, and the image (generally a blue sky) will appear upside down as a bright bluish patch on the ground. In the dessert, the bright patch appears as a lake of water or an oasis, and for the driver it seems that water or oil has been spilled on the highway or road.]

(c) Sundogs generally form at sunrise or sunset (the Sun is near the horizon) when the atmosphere is filled with ice crystals [that are hexagonal, plate-like, larger than 30 micrometers, and in the air with their flat faces parallel with the ground. According to the Department of Atmospheric Sciences at the University of Illinois in Urbana-Champaign, “The difference between sundogs and halos is the preferential orientation of the ice crystals though which light passes before reaching our eyes. If the hexagonal crystals are oriented with their flat faces   horizontal, a sundog is observed. It the hexagonal crystals are randomly oriented, a halo is observed” (http://ww2010.atmos.uiuc.edu/

      (Gh)/guides/mtr/opt/ice/sd.rxml, retrieved on 15 October 2007, 3:15 PM).]

3. Once the children are aware of the fact that light from the Sun as well as a temperature gradient or water droplets or ice crystals are necessary for these atmospheric phenomena to occur, and that refraction plays an essential role, determine which phenomenon each child is most interested in researching.

4. On the basis of interest, and using the jig-saw, a cooperative learning technique also utilized in Lesson 12, place the children into one of the following four groups: superior mirage, inferior mirage, rainbow, sundog and give each group a specific classroom location in which to work together.

5. Distribute the appropriate scientific illustrations that will help the members of each particular group to think about the scientific phenomenon they are to try to understand and explain to their classmates.

6. Additional information can be found on the internet (see list of websites on pages 25 and 26), but you want the children to try to interpret the illustrations before reading the explanations given by experts.

7. The presentations to the class by each group of children can be done as a televised weather report, an interview with one or two scientist, an interview with a scientist and community Elder, as a part of a televised science program, or additional formats negotiated with you, the teacher.  

8. In their presentations, the members of each group are to describe for all others (a) the conditions necessary for their particular phenomenon to occur, (b) the season when the phenomenon is most prevelant, and (c) what happens when light from the Sun interacts with the water droplet or ice crystal or temperature gradient. 

9. Video record the presentations.

10. As each group presents, the members of the audience are to record (writing and illustrating) the following information in their science journals; 

(a) the name of each atmospheric phenomenon, 

(b) the conditions necessary for the phenomenon to occur, 

(c) the season when it is most prevalent, and 

(d) the consequence for the rays of sunlight in the light-ice crystal or light-water droplet or light-temperature gradient interaction.

11. Encourage the children to explain how it would be possible for Theo Ilummaq to see walruses or Igloolik from Aukkarnaarjuk or ice that appears to be land and how it would be possible for the Hubert Amarualik to see land closer than it really is when the air is calm and to have land appear further away when the winds blow.

12. Invite the children to suggest additional words for the “Light” word wall (e.g., superior mirage, inferior mirage, sundog, rainbow, ice crystal, water droplet, temperature gradient) and the glossary in their science journal.

13. Ask if any of the questions on the “Light” bulletin board have been answered. 

14. Determine the questions that remain unanswered and invite the class to think about what should be done with the unanswered questions.
Next Session: Preparation for a celebration of the children’s learning about light and the properties of light. This should be organized by the children’s and should, if possible, involve other classes of children in the school as well as members of the community (e.g., an afternoon “Science of Light”, complete with MC, master of ceremonies, where pairs of children or small groups of children present and explain their most favourite light investigation or the knowledge about light they found most interesting and are excited to share with others.




	Inferior mirages 
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Andrew T. young, 1999-2007, “An Introduction to Mirages: Green flashes and mirages”, 

http://mintaka.sdsu.edu/GF/mirages/mirintro.html
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Mirages on a Western Road, 20 January 2006, Highway 9E, Mammoth Lakes, California

Roger Edwards, “Roger’s Sky Pix”, http://www.stormeyes.org/tornado/SkyPix/wrn_road.htm
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An Inferior Mirage and the Mirage of a Ship (Pekka Parviainen, photographer)

Virtual Finland, Mirages in Finland,

http://virtual.finland.fi/netcomm/news/showarticle.asp?intNWSAID=25722
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Inferior Mirage at Sunset

This is actually not a reflection in the ocean, but the miraged (inverted) image of the Sun’s lower edge.

George Kaplan, Photographer, U.S. Naval Observatory, “Photographs of an Inferior-Mirage Sunset”, 

Andrew T. Young, 2003-2006, http://mintaka.sdsu.edu/GF/explain/simulations/inf-mir/Kaplan_photos.html


	Inferior Mirage (Scientific illustrations)
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“Inferior Mirages”

http://apollo.lsc.vsc.edu/classes/met130/notes/chapter19/graphics/infer_mirage_schem.jpg
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Tom Harris, “How Migages Work: Making a Mirage”,

http://science.howstuffworks.com/mirage2.htm 
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Diagram Showing How Inferior Mirages are Formed

“Image Gallery: Atomspheric Effects”, http://www.phys.ufl.edu/~avery/course/3400/gallery/gallery_atmosphere.htm


	Superior Mirage
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Superior Mirage (“looming”) of a “Floating” Iceberg

http://www.phys.ufl.edu/~avery/course/3400/atmosphere/mirage_iceberg.jpg
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“A Ship is Seen to Travel Along the Distant Horizon Upside Down” (Pekka Parviainen, photographer)

Virtual Finland, Mirages in Finland,

http://virtual.finland.fi/netcomm/news/showarticle.asp?intNWSAID=25722
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Superior Mirage with a Sailing Boat

Pekka Parviainen, Photographer, Mirages in Finland, Virtual Finland,

http://virtual.finland.fi/netcomm/news/showarticle.asp?intNWSAID=25722
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Wim van Bochoven’s Superior Mirage, 22 May 2002

http://mintaka.sdsu.edu/GF/mirages/bochoven/text.html


	Superior Mirage (Scientific Illustrations)
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Superior Mirage (towering) 

http://apollo.lsc.vsc.edu/classes/met130/notes/chapter19/superior_mirage.html
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The Towering Mirage

National Snow and Ice Data Center, Arctic Climatology and Meteorology, “Superior Mirage”,

http://nsidc.org/arcticmet/basics/phenomena/superior_mirage.html
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The Superior Mirage 

National Snow and Ice Data Center, Arctic Climatology and Meteorology, “Superior Mirage”,
http://nsidc.org/arcticmet/basics/phenomena/superior_mirage.html
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Temperature Gradients can produce enough fluctuation in refractive index within a single medium [like air] to generate a refractive effect

Molecular Expressions, Optical Microscopy Primer, Physics of Light and Color, Refraction of Light,

http://www.molecularexpressions.com/primer/lightandcolor/refractionintro.html


	Rainbows
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Primary Rainbow

Encarta, “Primary Rainbow, Phil Jude, Science Source, Photo Researchers, Inc.,

http://encarta.msn.com/media_461530745/Primary_Rainbow.html
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Double Rainbow

Rainbow Days, Mark Jones – In His Dust, http://jonesy24.wordpress.com/2007/05/21/rainbow-days/
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Double Rainbow over Downtown Chillicothe, Ohio, 27 May 2001

Robert J. Moorhead, Photographer, Chillicothe Gazette, 

“May 26- June 1: Our picks of the week’s best pictures”, 

http://www.time.com/time/potw/20010601/4.html
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Double Rainbow in Wrangell-St. Elias National Park, Alaska
Eric Rolph, Photographer, “Rainbow”, http://en.wikipedia.org/wiki/Image:Double-alaskan-rainbow.jpg


	Raindrops and Rainbows (Scientific Illustrations)
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	Legend

1. Spherical Droplet

2. Places where internal reflection of the light occurs

3. Primary rainbow

4. Places where refraction of the light occurs

5. Secondary rainbow

6. Incoming beams of white light

7. Path of light contributing to primary rainbow

8. Path of light contributing to secondary rainbow

9. Observer

10. Region forming the primary rainbow

11. Region forming the secondary rainbow

12. Zone in the atmosphere holding countless tiny spherical droplets

Wikimedia Commons, Image: Rainbow formation,png

http://commons.wikimedia.org/wiki/Image:Rainbow_formation.png
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Blue light will leave the drop at an angle of 40 from the beam of sunlight. Red light will leave the drop at an angle of 42 from the beam of sunlight. You can not see the blue light and the red light refracted from the same drop. You can only see one wavelength of light refracted from one drop. So, to see a rainbow, you need to see light refracted from many drops.

“What Creates Rainbows? http://apollo.lsc.vsc.edu/classes/met130/notes/chapter19/primary.html


	Sun Parhelia or Sundogs
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“Sundogs” or Perihelia in the Yukon
http://www.davedelnea.com/gallery2/main.php?g2_itemId=1771
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Sundogs at the South Pole (Amundsen-Scott Station, 05 January 2001)

http://home.wi.rr.com/astrophotography/sundogs.htm
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Sundogs Over Greenland

Jay Johnson, Physical Sciences Lab, University of Wisconsin-Madison

http://www.sundogsmadison.com/sundog_def.html
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Detail of the Sundog, Leeds UK, 30 September 2002, 9:40:43 am 

Photographed by Chris Terran

“Photodesk, Circumzenithan arc and sundog”, http://www.photodesk.iconbar.com/gal/sun/sundog2.shtmlPhotodesk


	Parhelia (Scientific Illustrations)
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Sundogs (Mock Suns or Parhelia)

“Sundogs form as sunlight is refracted by hexagonal plate-like ice crystals 

with diameters larger than 30 micrometers and their flat faces horizontally oriented”

"Image/Text/Data from the University of Illinois WW2010 Project," http://ww2010.atmos.uiuc.edu/(Gh)/guides/mtr/opt/ice/sd.rxml
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Sun Dogs 

“Created as white light is refracted through ice crystals in the form of hexagonal plates.

This is similar to the dispersion of white light as it passes through a prism.”

“Chapter 19 – Light, Color, and Atmospheric Optics: 

What can happen to light in the atmosphere, refraction, sun dogs”, http://apollo.lsc.vsc.edu/classes/met130/notes/chapter19/sundogs.html

	Interview with Theo Ikummaq

	
	Q. Some people claim that in summer time, during walrus hunting, that they can actually see walrus in the mirage. They can tell by looking at these [mirages], that there are walruses, even a large pod of basking walruses. I’m just wondering if you’ve heard of that.

A. There has to be a large number to see that. And there are some large numbers in a herd, sometimes.

Q.  I’ve heard that said a few times. I’m just wondering if you’ve heard of that, as you can see a distant land a far way off.

A.  Yes you can. Especially crossing from Aukkarnaakjuk, for instance. Igloolik is at a very low level, about a hundred feet above sea level and then, you know, after fifty miles you can’t see it. Fifty miles is pretty well the limit, and Aukkarnaarjuk is past fifty miles. It’s about sixty, and you can’t see once you cross from there until you travel about twenty miles. Then Igloolik is quite visible. On a cool day, a mirage can come up showing where Igloolik is, but then you have to take into consideration the distance. Ice can look like an island if it’s at a distance and then it becomes a mirage and can look like land as well.

Interview by John MacDonald, 10 December 1992, File No. IE-263, transcribed by Therese Okkumaluk



	Interview with Hubert Amarualik

	
	In the spring time, there are great mirages showing in short distances, sometimes even when the skies are clear. It gets hazy and sometimes the land seems to appear further and then closer. The mirage seems to move the land. They say it is the wind that is making it seem close and then far. Even from here, the land across seems far sometimes and then seems very close at other times. It is the wind that is making it look that way. Where there is going to be winds blowing, it appears to be very far away. When the winds are going to calm down, it appears to look closer. 

Also, if there are great mirages, that means there are winds ahead of us. Sometimes these forecast are accurate and sometimes they are not.

Interview by Maurice Arnatsiaq, File No. IE-314, translated by Leah Otak, 04 October 1994

	

	“Rainbows” in John MacDonald’s, The Arctic Sky: Inuit Astronomy, Star Lore, and Legend, p. 159.

	
	Inuit in Igloolik have two names for the rainbow depending on whether it is full of partial. A rainbow with a complete arc, having each end touching the horizon or sky line , is called kataujak – literally the “entrance to an igloo”. 

Ajagutaq, on the other hand, is a partial rainbow, especially one with the upper part of the arc missing and only the end segments visible. The term in Igloolik means “pillar” or “support”…

The significance of rainbows for the Umingmakturmuit was apparently based on the rainbow’s height and the steepness of the sides. A high rainbow with steep sides means happiness for all; but if it is not high, and its arc is flat, it means disaster and someone will die” (Rasmussen 1932: 23).

According to Robert Spencer (1959: 258), in “the older cosmology” of the North Alaskan Eskimos, the Sun and the Moon “rest on the rainbow,” a view linked to a bersion of the Sister-Sun/Brother/Moon myth. In Spencer’s paraphrased version…the woman who becomes the Sun “went up to the sky by the rainbow.” 



	“Mirage” in John MacDonald’s, The Arctic Sky: Inuit Astronomy, Star Lore, and Legend, p. 185.

	
	…“looming” is common in the arctic in the late spring and early summer…[and] is generally seen over open water or sea ice. Typically the phenomenon a[[ears as an inverted, distorted image reflected in the sky a few degrees above the horizon. Such images are usually of distant landor floating ice, often situated below the observer’s horizon.

Inuit call this phenomenon puikkaqtuq, meaning, roughly, to “pop-up” above the level of the sea. The effect has been used by Inuit boating in the Foxe Basin to make accurate landfalls at destinations not otherwise observable from their departure point. During the open-water season, particularly in relatively ice-free areas of the sea, puikkaqtuq mirages are used to locate drifting pans of ice likely to be associated with walrus. In well-defined mirages even the herds of basking walrus can, to the experienced observer, be made out in the “looming” ice (Emil Imaruittuq, pers. Comm.., 1993). 



	“Halo Phenomena” in John MacDonald’s, The Arctic Sky: Inuit Astronomy, Star Lore, and Legend, pp. 157-159.

	
	Haloes, along with mock suns and moons, are, of course, well known to Inuit who have incorporated them into their mythology and weather lore. All manifestations of these phenomena are said to be harbingers of stormy weather.

For Inuit around Point Barrow, Alaska, a mock sun – particularly the “vertical bar in a parhelion” – was called the “Sun’s walking stick” an image evidently linked to the stormy weather said to be predicted by the phenomenon. In this vein, Jenness explains that ar Barrow “two mock suns, one on each side of the real sun, are said to be its walking sticks, aiyopiak (ajauppiak, ‘crutches’). The sun holds them our to steady itself when a gale is imminent.” He also records that parhelia, for the Inuit of Coronation Gulf, could invoke premonitions of death: “The appearance of two mock suns…is ominous for travelers and hunters, who will be cut off by sudden death and never reach their homes again” (Jenness 1922: 179). 
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