Title     Insulation Challenge

Abstract    It is not enough to study concepts and vocabulary about thermal energy.  To encourage true 

                   understanding of thermal conductors, thermal insulators, and specific heat, students must 

                   apply the information to a real life situation.  In this activity they must choose the best 

                   insulation material for the job and justify their choice.  They will then test their choices and     

                   compare them to the choices of their peers.

Grade Level     Grade 7

Resource Type         Lab Activity

Subject      Thermal energy

National Science Standards
                  Content Standard B, 5-8

                   -Energy is a property of many substances and is associated with heat, light, electricity,

                     mechanical motion, sound, nuclei, and the nature of a chemical.  Energy is transferred

                     in many ways.

                   - Heat moves in predictable ways, flowing from warmer objects to cooler ones, until

                      Both reach the same temperature.

                 Content Standard A, 5-8

· Identify questions that can be answered through scientific investigations.

· Design and conduct a scientific investigation.

· Use appropriate tools and techniques to gather, analyze, and interpret data.

· Develop descriptions, explanations, predictions, and models using evidence.

· Think critically and logically to make the relationship between evidence and  predictions.

· Recognize and analyze alternative explanations and predictions,

· Communicate scientific procedures and explanations.

                   -     Use math in all aspects of scientific inquiry.

Ohio Science Standards
                  Grade 7    Physical Science Content Standards
                     3. Identify different forms of energy.

                     4. Explain how energy can change forms but the total amount of energy remains the same.

                  Grade 7     Inquiry Standards
                      1. Select and safely use appropriate tools to collect data when conducting investigations

                           and communicating findings to others.

                      2. Evaluate observations and measurements made by other people and identify reasons

                           for any discrepancies.

                      3. Use evidence and observations to explain and communicate results of investigations.

                      4. Identify one or two variables in a simple experiment.

Catholic Diocese of Columbus Science Course of Study
                 Grade 7 Physical Science Standards
                  - Energy can be transformed from one form to another or can be transferred from one 

                    location to another, but is never lost.
                  - Energy can be transferred through a variety of ways.

                  Grade 7  Science Inquiry and Application
· Identify questions that can be answered through scientific investigation.

· Design and conduct a scientific investigation.

· Use appropriate mathematics, tools and techniques to gather data and information.

· Analyze and interpret data

· Develop descriptions, models, explanations and predictions.

· Think critically and logically to connect evidence and explanations.

· Recognize and analyze alternative explanations and predictions

· Communicate scientific procedures and explanations.

· Apply Catholic values to development and application of science concepts.

Objectives
· Students will help design and construct models to test insulation materials.

· Students will analyze specific heat of different materials and then select

          common household items that are composed of those materials that can

          be used in their model.

· Students will predict which material will be the best insulator in their model.

· Students will justify their material choice using specific information given.

· Students will collect and display data and share it with their peers.

· Students will use their data and the data of their peers to interpret and summarize                   the results of the lab.

Pre-Assessment
Thermal Energy, Temperature, and Heat
Directions: On each line, write the term from the word bank that correctly completes each sentence.

      heat                                  kinetic energy                          potential energy

      temperature                     thermal energy

1.____________________________ is the sum of the kinetic energy and potential energy in the

   particles that make up a material.

2. The energy of motion is _______________________________________________.

3. __________________________________ is the energy stored in the interactions between objects or particles.

4. __________________________________ represents the average kinetic energy of the

  particles that make up a material.

5. The movement of thermal energy from a warmer object to a cooler object is called

      _____________________________________________.

Directions:  On the line before each question or statement, write the letter of the correct answer.

_______ 6. What happens to the temperature of water in a cup when the average kinetic

                    energy of the water particles decreases?

                    A. It increases.

                    B. It decreases.

                    C. It is not affected.

_______ 7. The particles in a melting ice cube change from a solid to a liquid, but their

                   Temperature does not change.  As the ice melts, the particles gain

                   A. kinetic energy and thermal energy.

                   B. potential energy and kinetic energy.

                   C. thermal energy and potential energy.

________ 8. On which temperature scale does water freeze at 0 degrees?

                   A. Kelvin

                   B. Celsius

                   C. Fahrenheit

Thermal Energy Transfer

Directions: Circle the term in parentheses that correctly completes each sentence.

     The amount of (1.) ( thermal energy/ mechanical energy) it takes to increase the temperature

of 1kg of a material by (2.) ( 1K/ 1 degree C) is called specific heat.  Every material has its own

specific heat.  It is (3.) (easy/ difficult) to change the temperature of a material that has a low 

specific heat, but it is  (4.) (easy/ difficult) to change the temperature of a material that has a high

specific heat.

      Thermal conductors have a (5.) (higher/ lower) specific heat than thermal insulators.  As a 

result, it takes (6.) (more/ less) thermal energy to increase a thermal conductor’s temperature

than it takes to increase the temperature of a thermal insulator by the same amount.  The specific

heat of water is particularly (7.) (high/ low).  Therefore, it takes a (8.) (small/ large) amount of

energy to increase or decrease the temperature of water.  The (9.) (high/ low)  specific heat of

water has many beneficial effects.

Lesson/Project
Insulation Challenge

This lab is designed to take two, forty minute periods.

Prior to beginning a unit on thermal energy, students will take the pre-assessment. The labs should  be done in two consecutive days after covering thermal energy in class.

Day1
1. Review thermal energy terms.  Discuss the relationship of insulators and  conductors to specific heat.

2. Organize students into 12 teams of 2-3 members each.

3. Materials for each group: one 100ml graduated cylinder

                                             one 250 ml beaker

                                             specific heat table for common materials
Specific Heat Table
	        Material
	      C(J/gdegreesC)
	      Material
	  C(J/gdegreesC)

	Air
	1.01
	Animal Tissue
	3.50

	Aluminum
	0.902
	Oxygen
	0.918

	Iron
	0.450
	Parafin Wax
	2.50

	Salt
	0.864
	Brick
	0.840

	Ice
	2.03
	Concrete
	0.880

	Water
	4.18
	Marble
	0.880

	Glass
	0.840
	Sand
	0.835

	Granite
	0.790
	Soil
	0.800

	Alcohol
	2.40
	Wood
	1.70

	Silver
	0.233
	Polyethylene
	2.30

	Brass
	0.380
	Copper
	0.385



	
	
	
	


4. Issue the Challenge: Choose a material that we have in the lab or can be purchased (at a

Walmart  type store) that can be placed around the cylinder inside the beaker and will be the best insulator for 30ml of boiling water placed in the cylinder.  Use the specific heat table as a reference.

5. Give team discussion time.  By the end of the period, teams must decide on an insulation material, gather it from the lab or add it to my shopping list.

This is a list of materials that the 7th graders  wanted to test:  lard, hot water, pencil shavings, clay, shredded cheese, aluminum foil, PlayDough, sand, wool socks, bubble wrap, newspaper,

animal fur, Crisco, steel wool, cotton balls, soybeans, shaved paraffin, chemical hand warmer 

packs, marshmallows, and Warblets.

 Day 2 
Materials:        Per team: 250 ml beaker                                 Per student:

                                         100 ml graduated cylinder                       data table

                                          Thermometer                                           lab sheet

                                          Stopwatch                                                graph paper

                                          insulation material requested

                                           30 ml boiling water

Procedure:

1. Students complete the hypothesis on their lab sheet.

2. Teams assemble their cylinder/beaker models using the insulating material requested.

3. Boiling water is measured (30ml) and poured into cylinder.

4. Initial water temperature is taken (C) and recorded on data table.

5. Temperature of water is taken and recorded every three minutes for 12 minutes.

6. Total temperature loss is calculated.

7. Team data is entered to class data sheet to be copied by each student onto their own table.

8. Team discussion of results and lab questions.

9. Each student makes a graph to display the class results.

10. Each student answers lab questions using data gathered.

11. Graphs and questions are shared in the regular science classroom.

Data Table 

              Effect of Insulation Material on Temperature Change

	Material
	0 min.
	3 min.
	6 min.
	9 min.
	12 min.
	Heat loss

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Lab Sheet
Insulation Challenge                                             Name________________________________

                                                                              Class________________________________

                                                                               Table____________ Team ______________

Question: What common household material makes the best insulator?

Hypothesis:  If I insulate a graduated cylinder containing 30 ml of boiling water with

                      ______________________________________, then it will prevent heat loss

                     Because__________________________________________________________

                      ________________________________________________________________.

Follow up questions:

1.What would account for any differences in the 0 min. temperatures taken by different teams?

____________________________________________________________________________________________________________________________________________________________

2. Did all of the materials allow heat loss at the same rate? ______________________________

    Which allowed heat to be lost most quickly? _______________________________________

    Which allowed heat to be lost most slowly? ________________________________________

3. Of all the materials tested, which prevented heat loss best? Explain why you think this occurred. __________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4. Was your hypothesis correct? Give your explanation of the result. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5. Give three reasons why insulation material (your choice or another team’s choice) may not have done as well as expected. 

     1.________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2.________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3.________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Post-Test Assessment 
      I used the same paper/pencil tool for both the pre and post assessment for this lesson.

      I also used an ongoing checklist to assess lab skills that I use with my lab classes. It was not 

      specific to this lesson.
