
                                                                                                        4th Grade Science - Unit 6


Teacher: _________________________


School Year: __________

Comprehensive Curriculum

Concept Correlation

Unit 6:  Light, Heat and Sound- Fourth Grade Science
Time Frame:  Approximately 5 Weeks
	Big Picture: (Taken from Unit Description and Student Understanding)
· Energy can be produced and transmitted.

· Light, heat, and sound are separate forms of energy.

· We use each form of energy in our everyday life.

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

GLES 

Bloom’s Level

GLES

Date and Method of Assessment

Ask questions about objects and events in the environment (e.g., plants, rocks, storms) (Synthesis)
1
Pose questions that can be answered by using students’ own observations, scientific knowledge, and testable scientific investigations (Analysis)
2
Use a variety of methods and materials and multiple trials to investigate ideas (observe, measure, accurately record data) (Application)
6
Use a variety of appropriate formats to describe procedures and to express ideas about demonstrations or experiments (e.g., drawings, journals, reports, presentations, exhibitions, portfolios) (Application)
12
Explain the relationship between volume (amplitude) of sound and energy required to produce the sound (Comprehension)
28
Compare the rates at which sound travels through solids, liquids, and gases (Comprehension)
29
Explain the relationship between frequencies (rate of vibration) and pitch (Analysis)
30

Diagram what happens to white light as it passes through a prism. (Application)
31
Describe how light bends or refracts when traveling various materials. (e.g., pencils in a glass of water) (Comprehension)

32

Describe how heat energy moves through a material by conduction. (Comprehension)

33

Give examples of ways heat can be produced by conversion from other sources of energy. (Comprehension)

34
Give examples of easy heat can be produced by conversion from other sources of energy. (Comprehension)
35
Describe energy transformations (e.g., electricity to light, friction to heat,) (Comprehension)
39


	Concept 1:  Sound
31. Can students describe how sound is produced?

32.  Can students describe how sound changes using the terms volume and pitch?
	*Activity 45:  Sound and Vibrations

GQ 31
	3, 6, 10, 12, 13, 28
	

	
	*Activity 46:  Sound in Air and Water

GQ 31
	2, 3, 6, 12, 29
	

	
	*Activity 47:  Sound Pitch

GQ 32
	1, 2, 3, 4, 6, 12, 13, 30
	

	Concept 2:  Light
33.  Can students define and describe refraction of light and white light?
	*Activity 48:  Refraction of Light

GQ 33
	10, 12, 32
	

	
	*Activity 49:  Separating Light

GQ 33


	6, 10, 12, 31
	

	Concept 3:  Heat
34.  Can students define and describe heat?

35.  Can students explain the difference between conduction and convection?


	*Activity 50:  Heat

GQ 34
	1, 2, 10, 11, 12, 13, 34, 35, 39
	

	
	*Activity 51:  Conduction and Conductors
GQ 35
	1, 2, 3, 4, 10, 11, 33
	

	
	Activity 52:  Concept Review 
GQ 31, 33,35
	28, 29, 30, 31, 32, 33, 34, 35, 39
	

	Reflections
	


Unit 6:  Light, Heat and Sound

 Concept 1:  Sound

GLEs

*Bolded GLEs are documented.
1 
Ask questions about objects and events in the environment (e.g., plants, rocks, storms) (Synthesis)

2 
Pose questions that can be answered by using students’ own observations, scientific knowledge, and testable scientific investigations (Analysis)
3 
Use observations to design and conduct simple investigations or experiments to answer testable questions (Synthesis)
4 
Predict and anticipate possible outcomes (Application)
6 
Use a variety of methods and materials and multiple trials to investigate ideas (observe, measure, accurately record data) (Application)
10 
Express data in a variety of ways by constructing illustrations, graphs, charts, tables concept maps, and oral and written explanations as appropriate (Synthesis)
12 
Use a variety of appropriate formats to describe procedures and to express ideas about demonstrations or experiments (e.g., drawings, journals, reports, presentations, exhibitions, portfolios) (Application)

13
Identify and use appropriate safety procedures and equipment when conducting investigations (e.g., gloves, goggles, hair ties) (Comprehension)
28
Explain the relationship between volume (amplitude) of sound and energy required to produce the sound (Comprehension)

29 
Compare the rates at which sound travels through solids, liquids, and gases (Comprehension)
30 
Explain the relationship between frequencies (rate of vibration) and pitch (Analysis)

	Guiding Questions
31.   Can students describe how sound 
         is produced?

32.   Can students describe how sound

  changes using the terms volume and          

   pitch?

	Assessment Ideas
· TMT

· Activity-Specific Assessments – Activity3


	Recommended Vocabulary
1. Pitch      2. Energy     3. Volume     4. Vibration      5. Sound       6.Sound wave      7. Frequency

Key Concepts
· Understand sound (vibration) production and transmission; determine how to change pitch and volume using common objects.

· Identify forms of energy; describe basic energy transformations (for example, from light to heat, from potential to kinetic) and actions that produce heat energy (friction).




	Textbook Correlation

	Resources

See Teacher-Made Supplemental Resources Booklet  

	Harcourt Brace Louisiana Edition

· E66-E89


	· Spoons
·  balloons

· String 
· straws

· Tape 
· scissors

· Ruler 
· measuring tape
	· Paper/pencil
·  rubber bands

· Ziploc bag
·  PVC pipe

· Tuning fork 
· hard plastic ruler

· Plastic and glass cups       
· wooden block

· water

· sound sheets in supplemental resource packet


Instructional Activities

Note: The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

*Activity 45:  Sound and Vibrations (CC Unit 2 Activity 1) (GLEs:  3, 6, 10, 12, 13, 28)

Materials List:  balloons, large and small cans, rubber bands, rice, plastic wrap, ruler, string, metal spoons, pencils, tuning forks, battery operated radio (one for class use), science learning log, teacher selected reading materials on sound and sound production

Safety Note:  Have students identify the safety precautions needed when placing fingers to their ears.  (Caution students not to stick their fingers into their ear but gently place their fingers on their ear.)  Have students identify the safety precautions necessary when working with electrical appliances. (Check for frayed cords before plugging the cord in the wall, do not use wet hands to plug in the cord, and pull from the plug not the cord when removing the cord from the outlet.)

Using a Directed Reading – Thinking Activity DR-TA (view literacy strategy descriptions), hold a class discussion about sound, eliciting from the students what they know about the production of sound.  Record student ideas on the board or chart paper.  In their science learning log (view literacy strategy descriptions), have students write predictions about how sounds are created.  Student pairs should share their predictions and discuss reasoning behind the prediction.   Students should check and revise their predictions throughout this unit as they participate in investigations and read teacher selected materials.  At the end of this unit, students will use their predictions as a discussion tool and as a guide for writing a unit summary. 

A DR-TA is an instructional technique that invites students to make predictions, and then check their predictions during and after the reading or investigation.  The DR-TA provides a frame for self-monitoring because the teacher pauses throughout the reading or investigation to ask students questions.  

Part A: To help establish the concept that sound vibrations travel through the air, students should conduct the following activity. In groups have students place a piece of plastic food wrap over the top of the larger can and hold the plastic in place with a rubberband.   (This setup will be used again in Part B.)  Sprinkle rice on top of the plastic.  Students should hold the small can near the rice, tap the small can with the ruler, and observe the rice.  Observations should be recorded in their science learning logs.  Briefly discuss observations and relate the movement of the rice to the vibrating plastic.  Note: The plastic moved because sound energy that was created when the ruler hit the smaller can, traveled through the air and hit the plastic, causing it to vibrate.    

Have students identify the safety precautions needed for this part of the activity.  (Caution students not to stick their fingers into their ear but gently place their fingers on their ear.)  The students will work in cooperative groups to construct and use a sound machine. By attaching a metal spoon with a rubber band to the center of a forty-centimeter length of string, students will have a device that they can use to investigate the effect of applying varying amounts of force to the spoon and its relation to the volumes of the sound. 
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The free ends of the string are wrapped around the student’s index finger. The student places the finger to his or her ear, leans over slightly, and allows the spoon to dangle freely. Another student gently strikes the spoon with a pencil. Each student takes a turn. Observations should be recorded in a science learning log.  Then, the teacher will ask the students to think about how they could make the sound louder. Students should repeat the action but varying the strength of the strike. Students note the volume of the sound each time. Discuss student observations.  Introduce the term volume and define as the loudness and softness of sound. Reinforce the concept that energy variance will influence the volume by having one member of each group strike softly on cue. (The spoon should be held away from a student’s body.)   Then, strike with more energy on cue. In their science learning logs, students should discuss these differences and how to change volume. Ask the students what was needed for the spoon to create sound.  Have group members hold the spoons away from their bodies, strike the spoons, and observe the vibrations. 

Part B: A tuning fork is used in this investigation. Demonstrate how a tuning fork works and the correct way to strike it to make it vibrate. 

Striking the fork with varying force will illustrate the previously observed principle that adding more energy increases the volume. Students should touch the stem of the vibrating tuning fork to another solid such as the desktop, a wooden meter stick, or a taut string and note the results. To further support the idea that solids are vibrating when sound is created, the students can observe that not only is sound the result of vibration, but causes vibrations, as well. Return to the can and rice setup used in Part A.  The tuning fork can be placed against the large can, which has a piece of plastic stretched across the mouth of the can. The plastic is held in place with a rubber band. The students can place rice or tiny pieces of paper on top of the plastic and then touch the vibrating tuning fork to the side of the can to observe the rice/paper move. To illustrate the effect of increasing volume, place the can with the plastic setup next to a radio. Again have students identify the safety precautions necessary when working with electrical appliances, particularly if a battery operated radio is not available. (Check for frayed cords before plugging the cord into the wall, do not use wet hands to plug in the cord, and pull from the plug not the cord when removing the cord from the outlet.) The students will observe the rate of vibration of the rice/paper when the volume of the radio held nearby is increased and when the proximity of the radio to the can is changed.

Using teacher selected reading materials, have students read about sound and confirm or revise their predictions about how sound is created. Conduct a teacher-facilitated group discussion about sound. The discussion should include that sound is energy, that vibrations produce sound, and that the volume of sound produced is affected by energy transferred through the medium in which the vibrations occur. Have students reflect on their observations and readings and write a summary in their science learning log about sounds and how they are created. Also, have them explain in writing how to create loud and soft volumes when striking an object.

*Activity 46:  Sound in Air, Water, and Solids (CC Unit 2 Activity 2) (GLEs:  2, 3, 6, 12, 29)

Materials List: funnel, rubber hose, basin, water, stethoscope, science learning log, Sound Mock Lab Data Table BLM (Cut out the data tables and give each group one copy), software to create concept maps (optional)
Safety Note: Provide careful directions when preparing the students to use the stethoscopes. Have students identify the safety precautions necessary. (Students should not tap or touch the end! A very loud sound will result.). 

Have students recall that sound is created when an object vibrates. Lead them to also recall that they have seen different things vibrate. Ask them what kind of things can be made to vibrate? (Students have only seen solids vibrate at this point in time.) Ask students if there is a something solid between the teacher’s mouth and their outer ear that is vibrating? (air)  Ask questions that will generate student questioning of how we hear and what forms of matter can carry vibrations. Have students identify which questions they can investigate to determine what types of matter will vibrate.

Part A: Provide students with basins, or large plastic containers, water, and student constructed stethoscopes. (Actual stethoscopes can be used, if available but student constructed ones work well.) To construct the stethoscopes, have students attach a rubber hose to the narrow opening of a funnel.  

In this investigation, students will try to transmit sound through a solid (table), a liquid (water), and a gas (air). Using a stethoscope and a basin of water, students will take turns within the cooperative group. One will use the stethoscope while another taps his or her fingers together near the open end of the funnel on the student-constructed stethoscope. Again have students identify the necessary safety precautions when using stethoscopes. (Students should not tap or touch the end! A very loud sound will result.). The student should then submerge the end of the stethoscope into the basin of water while the other student submerges his/her fingers and repeats the tapping. Next, the student should place the end of the stethoscope onto the desk.  The other student should gently tap on the opposite end of the desk with his/her finger.  Students should switch roles and repeat the activity.  In their groups, students discuss and compare the volumes of the sounds as transmitted in the media (desk, water, and air) and then write their observations in their science learning logs (view literacy strategy descriptions). Class discussion should follow. 

Part B: Ask students to review the states of matter through which sound can travel. Provide students with a copy of Sound Mock Lab Data Table BLM that shows the results of a mock experiment that tested the speed of sound through different forms of matter. The conclusion should not be filled in on the mock lab sheet.

	Substance
	Temp (Degrees C) 
	Speed (m/s)

	Steel
	20
	5960

	Air 
	20
	343

	Water
	20
	1482


Based on the results, students should infer through which type of matter sound travels the fastest. Have students brainstorm reasons why the speed is different in the three types of matter. The student should refer back to their previous knowledge of matter and relate the differences in speeds to the closeness of the particles of matter in each state.  Refer back to Unit 1 Activity 4, if needed.  

To help them visualize the differences in the speed of transmission, students can represent the particles of matter. Students can model the transmission of sound in a solid by standing close together and bumping against one another to pass on the vibration. Having students hold hands and gently pulling each other to represent vibrations can model the liquid state. For sound transmission in a gas, the students could stand far apart in the room and wait for a student (particle) to bump them in order to pass on the vibration.

Again, have students return to their science learning logs and confirm or revise their predictions about sounds.  Students should also write a conclusion for the mock lab that includes their reasons for the differences in speed. A class discussion should follow.  The class may also be asked to include this information in a concept map about sound. Computer software, such as Inspiration© can be used to create a class concept map, if available. 

If time permits, have the students research ways in which humans have been able to benefit from the fact that sound travels faster through solid objects than air.  For example, hunters would listen for the sound of buffalo running on the plain by placing their ear to the ground or they would listen for an approaching train by “hearing” the vibrations on the solid rail tracks before the train was in view or heard.  

*Activity 47:  Sound Pitch (CC Unit 2 Activity 3) (GLEs:  1, 2, 3, 4, 6, 12, 13, 30)

Materials List: bobby pins, pliers, tape, tuning forks of various pitches, petroleum jelly, clear transparency sheets, straws, scissors, measuring tape, strings, rubber bands of various thicknesses, spring scales, glass bottles, water, pencil, hard plastic ruler, Four Question Strategy Planning  Guide BLM (1 per group), Four Question Strategy Planning Guide Answer Sheet BLM, science learning logs

Safety Note:  When students plan their investigations, have students identify any safety procedures and equipment necessary for their investigation.
Part A:  Prior to the activity, the teacher will use a pair of pliers to straighten the bobby pins.  In groups, students are to tape a bobby pin to the tip of a tuning fork, leaving about ½ inch of the bobby pin protruding beyond the end of the fork.  Instruct them to smear petroleum jelly on a transparency, strike the low-pitch tuning fork, and hold the bobby pin gently on the transparency.  Record observations about sound, vibrations and the marks on the transparency in a science learning log (view literacy strategy descriptions).  Repeat the above procedure using the high-pitch tuning fork.  Within groups, the students should discuss their observations.  Next, hold a class discussion and have students describe and contrast the sounds and patterns made in the petroleum jelly. Lead them to the development of the definition of pitch and discuss its relationship to frequency (the length of the mark on in the jelly). Contrast this definition with volume. 

Ask students to try to think of what things could affect the pitch of a sound.   On a table, have various materials such as straws, scissors, measuring tape, strings of various thicknesses, rubber bands of various thicknesses, and spring scales. As they look at the materials have students think of possible testable questions about how the items might affect the pitch of a sound.   Students may ask if the length of the straw or string, if the thickness of the strings or rubber bands, or if the tension on the rubber band or string will affect the pitch.  

Using the Four Question Strategy Planning Guide BLM, allow groups to pick a variable that they will test, establish controls and procedures, list materials, and plan on how they will collect and measure data. (The students will likely test tension [spring scales], thickness, and length as variables that effect pitch.) Students should identify any safety procedures and equipment necessary for their investigation.  Upon teacher approval of the procedure, have students predict the outcome of their experiment, conduct their investigations, and collect data.  Have students determine whether they have sufficient data to draw a conclusion or whether they need to collect more data before drawing a valid conclusion.  If they have sufficient data, students should write a conclusion to the investigation.  If data is insufficient, then have students plan further investigations.  

This activity should be extended with a teacher demonstration as follows: Fill identical glass bottles or other containers with varying amounts of water. Strike each container gently with a pencil. (Varying lengths of aluminum tubes from a wind chime or nails can also be used. Lay the tubes or nails on a piece of foam rubber in random order to make a xylophone.) Students will listen to the pitch of each glass/tube/nail.  Have one group of students at a time come to the front of the class.  Ask students to attempt to arrange the glasses/tubes/nails according to the pitch, from highest to lowest.  Facilitate a group discussion of the following questions:  Which glass/tube/nail has the highest pitch? Which has the lowest? Can you state a hypothesis for the effect you observed?

Part B: Break students into groups and provide each with a hard plastic ruler. Ask them how they could make the ruler vibrate and can the ruler be made to vibrate at different pitches? Then have students create a testable question regarding the metric lengths of the rulers and the pitch. Guide students to design their procedures. Note: Have all students agree on three lengths to test as it may become difficult for them to hear with so much noise in the classroom. Have students create a data table in their science learning logs and make sure that they include an observation of the vibration speeds in their data table. They should draw the conclusion that the faster the vibration, the higher the pitch.

Return again to the science learning logs and confirm or revise predictions about sound.  Students should write a final summary about sound and how it is created. Students should share their summaries and results with a student from another group.  
(You may extend this lesson by reading E66-E89 from Harcourt Brace Louisiana Edition).

Activity-Specific Assessment:

Shown a picture of three identical bottles with various levels of water, the students will infer which would have the highest pitch when struck with a tuning fork or drum stick, etc. Shown a picture of three strings of various thicknesses, the student will infer which has the highest pitch when plucked.

Unit 6:  Sound, Light and Heat

Concept 2:  Light
GLEs

*Bolded GLEs are documented.

6 
Use a variety of methods and materials and multiple trials to investigate ideas (observe, measure, accurately record data) (Application)

10 
Express data in a variety of ways by constructing illustrations, graphs, charts, tables, concept maps, and oral and written explanations as appropriate (Synthesis)
12 
Use a variety of appropriate formats to describe procedures and to express ideas about demonstrations or experiments (e.g., drawings, journals, reports, presentations, exhibitions, portfolios) (Application)
31
Diagram what happens to white light as it passes through a prism (Application)

32
Describe how light bends or refracts when traveling through various materials (e.g., pencil in a glass of water) (Comprehension)
	Guiding Questions
33.  Can students define and describe refraction of light and white light?
	Assessment Ideas
· TMT
· Activity-Specific Assessments – Activities 4 and 5


	Recommended Vocabulary
1. Prism    2. Absorption    3.Reflection    4. Refraction   5. Translucent    6.Opaque    

7. Transparent                    8. Visible Spectrum                9.White Light

Key Concepts

· Identify or describe the behavior of light in refraction (for example, through a prism, in water), reflection (for example, mirror), and absorption (for example, compare black and white).



	Textbook Correlation
Harcourt Brace Louisiana Edition

· E96-E120

	Resources
· Clear bowl

· Ruler

· Pencil

· Clear glass

· Colored paper

· Aluminum loaf pan

· Prism

· Flashlight

· Water

· White paper

· mirror


Instructional Activities

Note: The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

See Harcourt Brace Louisiana Edition pages E96-E120 for further information and activities/investigations

*Activity 48:  Refraction of Light (CC Unit 2 Activity 4) (GLEs:  10, 12, 32)

Materials List:  clear bowl or tank or clear plastic cup, water, clear glasses, pencils, ruler, hand lenses, plastic bread twist ties or bare copper wire, safety goggles, battery lighted microscope (optional), science learning logs

Safety Note:  Have students identify safety precautions needed when working with glass. (Wear safety goggles and check for cracks or chips)

 Working in groups, students will place a pencil marked with given measurements (9 cm, 12 cm, 15 cm) in a clear glass. The students will observe the pencil and draw a diagram of the image in their science learning logs (view literacy strategy descriptions).  Have students pour water in the glass until it reaches the 9 cm mark.  Have students make observations, noting how the pencil appears to bend or break at the waterline, and write an initial explanation of why they think the object looks this way in their science learning logs.  The students will slowly pour more water into the glass to the 12 cm mark and draw a diagram of the pencil.  Repeat filling the glass to the 15 cm mark. Each student will continue to record the observations in his or her science learning log. The teacher will facilitate a group discussion about why the pencil looks bent.  Explain that the bending (refraction) of light through water causes the pencil to appear bent. Guide students through questioning to define refraction based on their investigation.   Have students note the bending of the light at the interfaces (the meeting place of two different media).  This should facilitate a discussion about the speed of light in different types of matter. 

The students will then dip a wire lens made from the stripped twist tie or bare copper wire that has a 2 cm loop twisted at its top, into the water. 
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After removing the wire loop with a drop of water in the loop, students should observe how light is refracted through this lens as they try to read print. Have the students explain why the light is being refracted. The students will then be given hand lenses to make other observations of refraction. (If battery lighted microscopes are available, a small piece of newsprint can be placed on the stage, and students can observe how the lens of the microscope affects the image.) 

Fill a water tank or large clear bowl with water.  Students will observe refraction in the tank or bowl as they try to touch a submerged object.  (The object isn’t where it appears to be located as seen from above.) Have students refer back to the previous discussion about the speed of light changing at the interfaces that resulted in the bending of light. Have one student place a penny in the tank and have one student stand so that he is looking into the tank from above.   Have the student looking into the tank from above put a ruler in the water where the object appears to be and have another student, looking into the tank at eye level, actually locate the object with another ruler. Have the students contrast the distances between the rulers and explain the reason for the difference.

In their science learning logs, have students summarize how light changes as it passes through different mediums.  

Activity-Specific Assessment:

The student will draw what a pencil looks like in a partially filled glass of water, as viewed from the side. The student will identify this drawing as an example of refraction and explain why refraction occurs.
*Activity 49:  Separating Light (CC Unit 2 Activity 5) (GLEs:  6, 10, 12, 31)

Materials list: one small box per group, different colored strips of paper, black paper, scissors, tape, glue, aluminum loaf pan, water, strong flashlights, small mirrors, prisms, white paper, crayons, teacher selected resources explaining rainbow formation, science learning log
Part A: Prepare a box by taping squares of different colored paper to one side of the inside of the box. Cut a small eyehole in the side of the box that is opposite the colored paper.  (See Figure A)  Cut strips out of the top of the box and cover by taping black paper over the openings.  (See Figure B)  Place the lid back on top of the box and tape it in place. 
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(Students need to have a working definition of reflection and refraction.) Ask students where colors come from, as light appears to be white. 

To establish that colors are part of white light, have students observe the pieces of colored paper through a small cut hole located on the opposite side of the box. Gradually open cut strips at the top of the box to allow light in. Ask the students what conditions have to be present for them to see color. What colors do they see outside at night?

Part B: Have students think about the colors that they have seen in the sky. They may refer to blue skies, black skies during rain and at night. Prompt them to think of a time when they saw more colors than those. (Rainbow)  Have them recall the weather conditions proceeding and those present during the formation of the rainbow. This will establish that water droplets and the Sun are both necessary to see a rainbow.  

Provide students with aluminum loaf pans, water, a sheet of white paper, and a flashlight. (Teacher note: Some flashlights work better than others, so make sure to test the flashlight before starting this activity.)  With little instruction, allow them to attempt to create a rainbow. They will observe reflection of the light off the bottom of the pan, but not the rainbow. Next, provide a mirror for students to place in the pan. They should manipulate the mirror and the beam of light until they create a rainbow on the white sheet of paper. The students should then analyze the location of the beam of light from the flashlight relative to the water. They should also realize that both reflection and refraction are occurring to create the rainbow behind and above the flashlight. The students will draw the path of the light and the rainbow in their science learning logs (view literacy strategy descriptions). Using other resources, they will research how rainbows are formed and write a summary below their drawing. 

Part C: The teacher should introduce the term and the definition of the visible spectrum. In order to help the student to understand further that white light is composed of all colors of the visible spectrum, the teacher will pass out prisms, strong flashlights, and a piece of white paper to student groups. Provide a demonstration of how to use a light source and a prism to separate light into color bands. Students should position the prism so that it casts a rainbow on the white paper. (This activity can also been done outside on a sunny day. The students can use the Sun as the light source and the prism to separate the light into color bands.)  Instruct students to draw this in their science learning logs and label the order of the color bands. They should be guided with questioning to draw and label the bending of the light at the interfaces of the prism and the air. Have them relate this bending to the refraction activities in Activity 4 and to the creation of the rainbow in the earlier part of this activity. 

Activity-Specific Assessment:

The student will draw the effect of light traveling through a prism and explain why the light is bending. They will also identify this bending as refraction.
Unit 6:  Light, Heat, and Sound

Concept 3:  Heat

GLEs

*Bolded GLEs are documented.

1 Ask questions about objects and events in the environment (e.g., plants, rocks, storms) (Synthesis)
2 Pose questions that can be answered by using students’ own observations, scientific knowledge, and testable scientific investigations (Analysis)
3 Use observations to design and conduct simple investigations or experiments to answer testable questions (Synthesis)
4
Predict and anticipate possible outcomes (Application)
 10 
Express data in a variety of ways by constructing illustrations, graphs, charts, tables, concept maps, and oral and written explanations as appropriate (Synthesis)
 11
Combine information, data, and knowledge from one or more science content areas to reach a conclusion or make a prediction (Analysis)
12 Use a variety of appropriate formats to describe procedures and to express ideas about demonstrations or experiments (e.g., drawings, journals, reports, presentations, exhibitions, portfolios) (Application)
13 Identify and use appropriate safety procedures and equipment when conducting investigations (e.g., gloves, goggles, hair ties) (Comprehension)
33 
Describe how heat energy moves through a material by conduction (Comprehension)
34 
Give examples of ways heat can be generated through friction (e.g., rubbing hands) (Comprehension)
35 
Give examples of ways heat can be produced by conversion from other sources of energy (Comprehension)
39 
Describe energy transformations (e.g., electricity to light, friction to heat) (Comprehension)

	Guiding Questions
34. Can students define and describe heat?

35. Can students explain the difference        

    between conduction and convection?


	Assessment Ideas
· TMT

· Invent an insulator to keep an ice cube from melting. The teacher will have materials (plastic wrap, Styrofoam cup, metal cup, t-shirt) available.



	Recommended Vocabulary
1. Conductors    2. Insulators      3. Heat     4. Convection     5. Conduction    6. Thermal Energy

7. Friction          8. Radiation

Key Concepts

· Identify insulators and conductors of heat and describe how heat is conducted.




	Textbook Correlation
· E38-E65


	Resources
· Hot plate

· Hair dryer

· Metal pot

· Water

· Paper/pencil

· Ice cube

· Variety of materials


Instructional Activities

Note:  The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLE’s to the same Bloom’s level.

*Activity 50:  Heat (CC Unit 2 Activity 6) (GLEs:  1, 2, 10, 11, 12, 13, 34, 35, 39)

Materials list: non-mercury thermometers, safety goggles, 30 cm section of wire per student, string, science learning log

Safety Note: Safety goggles should be worn to protect the eyes when bending a wire. 
Ask, “What is heat?”  In pairs, have students list all possible causes of heat. Share ideas and discuss.  Have students create a KWL graphic organizer (view literacy strategy descriptions) in their science learning log (view literacy strategy descriptions) and record what they know about heat and what they want to know about heat.  At the end of the activity, students will record the answers to what they wanted to know about heat under L and anything else that they learned about heat.  For example,

	K
	W
	L

	The Sun gives off heat.

Mom uses heat to cook food.
	How is heat created?

How does heat from a stove warm my food?
	


Be prepared to provide additional resources to students whose questions listed under Want to Know were not answered.  

Previously, students have learned that light can be a source of color. Ask students to think of other benefits from light energy provided by the Sun. Have them think about their previous knowledge of the former planet Pluto. How would they dress if they lived on Pluto? (They would need warm clothing.) Have them explain their reasoning. Ask them what is providing the heat on Earth. Guide students to explain that sunlight can be transformed into heat energy.  Challenge them to prove that Sunlight can be transformed into heat energy by designing an investigation. Accept all reasonable plans for experimentation.  These may include such suggestions as measuring the temperature of an outside wall at different times during the day or constructing a solar oven. Once their investigation topic has been approved by the teacher, students should be provided with ample time to test their idea.  They should identify what is known and what is unknown in their investigation, and record their observations in tables in their science learning logs.  Use guiding questions to assist students in reaching the conclusion that light energy can be transformed into heat energy.

Next, ask the students if sunlight is the only means of creating heat energy. The students will use the following activity to discover the effects of friction in heat generation. The teacher will instruct students to rub their hands together rapidly.  Students should record their observation in their science learning log.  Class discussion should follow emphasizing the resultant heat. 

Inform the students that they will be bending a wire. Ask students what safety precautions and equipment they will need to protect their eyes. (Safety goggles should be worn.) Instruct students to bend a 30 cm section of wire back and forth about six times and then feel the bend in the wire. Next, have students rub a taut length of string over the edge of their desk and feel the string.  Have students record their results for each investigation in their science learning logs. Ask students to explain the commonalities in each activity that may be the cause of the creation of heat. The students should conclude that in each case an object was moving against another object or section of itself. As a class operationally define friction as a force that generates heat. Explain that friction is the force acting on two objects when they rub against each other.  Have students list real-world examples of friction (brakes on a car, rolling ball stopping, etc.). 

Guide students with questioning to the concept that energy can also be produced from burning matter. Lead students to understand that this is a conversion from the chemical energy that is stored in matter to heat energy and light energy. Return to the KWL graphic organizer and add any new information learned.

Students should write a brief paragraph defining and describing what they have learned about how heat can be produced by conversion from other sources of energy.  

*Activity 51:  Conduction and Conductors (CC Unit 2 Activity 7) (GLEs:  1, 2, 3, 4, 10, 11, 33)

Materials list:  pieces of paper, non-mercury thermometers, stopwatches, resealable plastic bags, tape, plastic containers, cold and warm water, solid vegetable shortening, variety of materials to be tested as conductors and insulators

Remind students that their own bodies produce heat as the chemicals in foods they eat are broken down and used to power the body. Have them place one palm against a piece of paper and feel the paper’s temperature. Then have them place their other palm against their hand on the opposing side of the paper. Has the temperature changed? How did this happen? (Students will likely say that the heat from their hand passed through the paper. Ask, what is similar between this passing of heat through the paper and when friction generates heat? (Both required contact between surfaces.) Using their previous experiences and observations ask students to define conduction. Demonstrate and explain, if needed, to provide clarity. The students will describe conduction as a transfer of heat energy that requires two objects to touch. Ask students to compare this with the heating effect of the Sun. 

Provide time for a discussion and diagram of radiant heat transfer. Ask students how they can prove that for heat conduction to take place, the objects need to be in contact with each other.  Allow the students to test their theories. Ask students to start to think about materials that hold in heat and those that allow heat to pass through them easily. Guide the class to define conductors and insulators. Based on their experiences, have student work in discussion groups to predict materials that they think may be conductors or insulators of heat.

Using their lists of materials which they have predicted as conductors or insulators, the teacher will provide a number of objects that the students can test. The students will need a supply of non-mercury thermometers and stopwatches for the activity. Ask students to devise the question that they want to investigate, plus determine both controls and variables for their experiment and to be sure that only one experimental variable is being tested at a time. Students should use their previous experiences and knowledge to predict the outcome of their experiment.  One possible investigation is testing whether the material an object is made of affects its ability to conduct or insulate. The students may place their chosen material in a sealable plastic bag, tape a thermometer on top of the material in the bag, fill the bag with air, and seal the bag. Next, the student could float the bag in a tub of cold or warm water, noting the temperature of the water, the temperature shown on the thermometer in the bag prior to insertion, and the temperature of both in determined time intervals after insertion.  Other suggestions for possible investigations made by students should be considered. 

Students should record temperature in both metric and U.S. system units. The results would be recorded in a table and graphed. Students would present their findings to the class and make a recommendation for the usage of the material in building a home or in wearing materials during different seasons.

If time permits, a life science guided exploration could be conducted by students to investigate how skin and varying amounts of blubber affect heat transfer. Using doubled bagged sealable plastic bags and solid vegetable shortening, the student will model various animal adaptations. In each test, double bags are used to represent the skin and the muscle. Empty bags represent the skin without blubber. Bags having a thin one cm of shortening placed between the walls of the outer and inner bag represent animals having low body fat. Bags, having two cm of shortening between the walls of the outer and inner bags, represent animals having thicker body fat. After creating the models, ask students to design the procedures and to identify the controls and variables, being sure that only one experimental variable is being tested at one time. The students could devise a test to determine how body fat affects the ability to insulate or conduct heat by measuring the air temperature within the bags (metric and U.S. system units) before and after insertion into the ice water. (Body fat or blubber in marine animals provides insulation against the cold by keeping in the body’s heat and keeping out the cold.) They would measure temperature of the water and the air in the bags at various intervals, record the data in a student constructed data table, and graph the results. Then, they could write their conclusions as to the benefit of body fat in land animals and marine animals.

Extension to Convection:  Use Harcourt Science Book pages E46-47 (Hot Air).  Make sure you have a high wattage bulb.
Activity 52:  Concept Review (GLEs:  28, 29, 30, 31, 32, 33, 34, 35, 39)

Materials List:  Energy Word Grid BLM (1 per student)
To review unit content, on the board or overhead projector create a word grid (view literacy strategy descriptions) with the students, focusing on heat, light, and sound.  Provide each student with a copy of the Energy Word Grid BLM.  A word grid provides students with an organized framework for learning related terms through analysis of their similarities and differences.  They should be co-constructed with the students to maximize participation in the word learning process.  To create the word grid list the words light, heat, and sound as headers for the rows.  Then guide students through discussion to list attributes of light, heat, and sound as column headers.  Through guided discussion have students answer yes/no to each attribute for each word.  Once completed, have students write compare/contrast sentences for the three forms of energy discussed using the word grid.  Also allow time for students to quiz each other over the content of the grid in preparation for tests and other class activities.

Sample Energy Word Grid

	
	Is a form of energy?
	Can be refracted?
	Can travel through solids?
	Can be conducted?
	ETC.

	SOUND
	yes
	yes
	yes
	yes
	

	LIGHT
	yes
	yes
	no
	no
	

	HEAT
	yes
	no
	yes
	yes
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* If you suggest an activity substitution, please attach a copy of the activity narrative formatted like the activities in the APCC (i.e. GLEs, guiding questions, etc.).
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