HEAT LOSS & INSULATION LESSON PLAN

Subject: Science

Unit Topic: Atoms and Elements

Grade: Senior 1

Topic: Heat & Insulation
Lesson Duration: 2 x 75 minute lessons.

Specific learning Outcome(s): 

Students will: 

· Know what insulators are.

· Be able to give examples of insulators.

· Understand how insulators work. 

· Use instruments to make measurements. 

· Record measurements. 

· Understand what a fair test experiment is. 

· Carry out a fair test experiment. 

· Know that wool is a good insulator.

Curriculum applications:


-7-2-09 Plan an experiment to identify materials that are good heat insulators and good heat conductors and describe some uses of these materials. 

 
-S1-2-07 Investigate the characteristic properties of metals, non-metals, and metalloids and classify elements according to these properties. 


Examples: ductility, conductivity of heat and electricity, lustre, reactivity…

Skills and Attitudes Specific Learning Outcomes:


-S1-0-3a State a testable hypothesis or prediction based on background data or on observed events. 


-S1-0-3c Plan an investigation to answer a specific scientific question.

             Include: Materials, variables, controls, methods, safety considerations. 


-S1-0-4a Carry out procedures that comprise a fair-test. 


 Include: Controlling variables, repeating experiments to increase accuracy and reliability of results. 


-S1-0-4e Work cooperatively with group members to carry out a plan, and trouble shoot problems as they arise. 


-S1-0-5a Select and use appropriate methods and tools for collecting data or information. 


-S1-0-5c Record, organize, and display data using an appropriate format.


 Include: label diagrams, graphs, and multimedia.


-S1-0-6c Evaluate the original plan for an investigation and suggest improvements. 


Examples: Identify strengths and weaknesses of data collection methods used. 


-S1-0-7e Reflect on prior knowledge and experiences to develop new understanding. 

Prerequisite knowledge:


It is expected that S1 students have been previously taught about atoms, their properties heat and conduction of heat.  

Resources:


-Diagrams (to be drawn on the overhead)


-Overhead projector

-Science textbook

-3 different types of coats (windbreaker, fleece, parka)


-Materials for experiment (see handout)


-Copies of lab for students

Activation Strategy (evidential) – 15 minutes

-Get 3 student volunteers to come up to the front of the class.  

-Wrap up each of the students in one of the 3 coats. 

-Dismiss the students back to their seats.

-Begin a review of heat – studied last class. 

-After a few minutes, ask the students if they are comfortable? Do you feel warmer? 

-Ask the students to brainstorm reasons why the extra clothing provides warmth. (assessing students existing knowledge). Write the list on the board. 

-Discuss how some materials might retain heat better than other materials do. What materials can you think of in your daily lives. (assessing students existing knowledge) Write the list on the board. 

Acquiring strategies: (psychological) - 45 minutes

-As a review ask the students to give a definition of conduction and conductors. Write the definitions on the board (assess existing knowledge).

-Write on the overhead: “The flow of heat by conduction occurs via collisions between atoms and molecules in the substance and the subsequent transfer of kinetic energy. Let us consider two substances at different temperatures separated by a barrier, which is subsequently removed, as we can see in these diagrams:” 

  

	Heat transfer by conduction
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-Explain to students that insulators are materials or devices to inhibit or prevent the conduction of heat. Common heat insulators are, fur, feathers, fibreglass, cellulose fibers, stone, wood, and wool; all are poor conductors of heat. In the diagram the barrier represents an insulator. 

-Therefore Conductors do the opposite of what Insulators do.

-When the barrier is removed, the fast (``hot'') atoms collide with the slow (``cold'') ones. In such collisions the faster atoms lose some speed and the slower ones gain speed; thus, the fast ones transfer some of their kinetic energy to the slow ones. This transfer of kinetic energy from the hot to the cold side is called a flow of heat through conduction. However, if the insulator is not removed the heat would not be able to transfer and the temperature of the two substances would remain the same. 

-Write the definition of insulators on the board. The coats you tried on earlier are insulators, they trapped your body heat inside and kept you warm. (Makes the concept relevant to students lives, evidential)

-Different materials transfer heat by conduction at different rates - this is measured by the material's thermal conductivity. This can be measured by measuring the amount of time it takes for the temperature to change (increase/decrease). For example the different types of coats worn by the students were three different types of insulators. They are each made of different materials. The windbreaker would provide the least amount of insulation resulting in loss of heat (this is because windbreakers are made to protect from winds as opposed to retaining body heat). The fleece on the other hand is a single layer of polyester that is meant to retain body heat, however the parka contains several additional layers including fleece, which results in a better insulation for retaining body heat. 

Logical/Theoretical plane - 15 minutes

Draw the following on the board:

Insulators are the opposite of Conductors  
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The better the Insulator         the poorer it is as a conductor          

Insulator = heat retention (heat is trapped and cannot escape)
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           Insulation =           Heat Retention                 The better the insulator the more heat




      (Less heat escapes)          it keeps. 
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           Insulation =            Heat Retention                The worse the insulator the less heat it 

                                          (More heat escapes)         keeps. 

-Today you will have the opportunity to plan your own experiment. 

-Does anyone have any ideas, related to this lesson, that are potentially worthy for us to investigate? Write some of the ideas on the board.

-Some ideas for investigation include:



-What if we had two jars and one jar had double the amount of water.


-We could test the effect of different layering combinations to test if the order of layering affects insulation. 


-We could test if the mass has an effect on insulation.


-Is aluminium foil a good insulator?

-Your experiment will determine the effectiveness of a certain insulator. This will be achieved by conducting a fair-test experiment.

-Explain what a fair-test experiment is. If we want to do a scientific experiment, we should try to think of all the possible variables that might influence our final results, then control all but the ones we want to investigate. For example, if we want to know the effect of temperature on the solubility of a chemical, we should ensure all other things that might influence solubility (volume of water, mass of solute, pressure, purity of water, etc.) are held consistently the same for all our experiments, these are the constant variables also called the control. The one variable that you are changing is called the test variable. 

-For example, if we wanted to test the effect of solute concentration on the taste and colour of Kool-aid, students would fill three beakers with water. One would consist of the amount of water and Kool-aid according to the instructions; this would be the control. The other beakers would be filled with water and Kool-aid powder as well. The control variables would be the amount of water, the temperature of water, the beakers and the type of Kool-aid powder. The test variable (the only one that will change) would be the amount of Kool-aid powder put into the beaker. One beaker would have a higher amount of Kool-aid powder than the control beaker, and the other would have a lower amount of Kool-aid powder.

-Discuss experimental errors with students.

-You should always criticize your results. All experiments are vulnerable to errors, whether by equipment or human error. It is important to reflect on the process and results of ones experiment. Identifying possible errors such as: misreading a thermometer or using broken equipment can seriously alter the results. Finding solutions to fix such errors would provide more accurate results in the case the experiment was conducted again. 

Applying (Activity: Plan your own experiment) – 75 minutes

See separate lab handout for students. 

Extensions for the experiment: 

-Design a Winter Olympic clothing line for a particular Olympic event.

-Students perform further research to apply heat and insulation concepts to the "global warming" issue. 

-Students explain how insulated clothing can be made to keep people cool during the hot summer months?  

References:

· http://theory.uwinnipeg.ca/mod_tech/node75.html
· http://www.sciencecollege.co.uk/SC/fair_test.html
· http://www.learner.org/jnorth/tm/assessment/SciInqRub.html
Teacher Information – for student activity

It is not anticipated that students know or use specific terms related to heat and insulation. The focus of this experiment is a fair test comparison to compare the ability of dry and wet wool to prevent internal heat from escaping. The term insulation would have already been introduced. 

This is an interesting investigation because usually insulation, to be effective, must be kept dry. However some students may have hiking experience and as any hiker will attest, wetted woollen garments still help retain body heat (whereas the old synthetic materials would not). Results here will probably depend upon the extent of the rain.

Equipment:

Wool can be bought at most fabric craft shops. Any type works fine. 

Experimental Set-up:

The usual solution is to test the insulating properties of dry and wet wool using a beaker or jar of hot water as a source of heat. The temperature fall of a given volume of water can be measured over a given time period for the dry wool. The experiment can then be repeated after wetting the wool. The activity can be expanded by pupils recording the temperature every minute (or every two minutes or every five minutes) and producing a line graph for each condition. 

Fair Testing:

Students need to realize that to make an authentic comparison the same volume of water at approximately the same starting temperature must be used. If the two ‘sheep’ are run concurrently the amount of insulating material, and size and shape of the sheep must be the same. (This problem is probably best avoided by using the same ‘sheep’ twice, first dry and then wet, although there could be problems if the activity is started and completed on different days if the temperature of the room is very different).

To avoid too much heat loss through the base and through the top of the open jar, stand the jars on an insulating material (such as a corrugated cardboard from a photocopying paper box, cork tile or polystyrene meat tray) and cut a lid for the jar from one of these materials too. Alternatively more wool could be used. 

Student Name:____________

Design you own Fair-Test experiment!
Which is a better insulator WET or DRY wool?
PROBLEM:

Ester and Ainsley went walking in the Assiniboine Zoo. Ester felt rather sorry for the sheep. She thought that the rain would make them cold. Ainsley did not agree. Instead she thought that the water on the wool would help to keep the heat in.


           Who is right Ainsley or Ester?


Instructions:

A. Use the Planning sheet to help you design your experiment. 
B. Carry out your experiment after your teacher has checked your ideas. 
C. Record your results in an appropriate chart in the space provided. 
D. Complete the discussion questions. 


        Guiding Questions:

	1.  The question I will try to answer is (my purpose): 

x

	2.  I predict that the following will happen (my hypothesis): 
x 
x

	3. What will you measure?




	4.  The equipment/materials that will be available for you to use in the investigation are:
Note:  You should have more than one example for each control group and test group. See Controlled Experiment. 
  

EQUIPMENT / MATERIAL
X Wool
Xstopwatch
X Thermometer
  cylinders
    2 glass jars (approx 200mL)

Xelectric kettle
X rubber bands
  spray bottle containing water
    scissors

X

                                    Safety Precautions

                               Handle hot water with care 



	5. Write down your ideas about how you will test your hypothesis.



	6. The procedure I will follow to test my variable is (space for 6 steps is provided you may use as many as you wish):

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:



	7. Draw a diagram of your lab set-up.



	8.  In order to make my experiment a fair test, I will keep all of these variables constant (unchanged).  This will be my control group: 

X 
X 
X 
X 
X


	9. In order to make my experiment a fair test, I will change one variable. This will be my test group: 
x

	10. I will observe the following: 
x 
 

	11. Record your observations in this chart as necessary for your experiment: 




	
                Discussion Questions:

1. Use your results to suggest an answer to the problem. Who was right, Ester or Ainsley? Was your prediction correct? 

2. What errors do you think occurred that might have affected your results?

3. How could you make your results more accurate (how could you minimize the errors you identified above in question #2)?

4. If you could do it again, would you make any changes to how you did the experiment?

5. How do you think the information you discovered could be applied/used in general?



	


Marking Scheme

You will be marked according to the following criteria. 

	Criteria
	Meets Standard (4)
	Beginning to Meet Standard (2)
	Doesn’t Yet Meet Standard (0)

	Predicting and Hypothesizing
	Uses logical inferences to predict what may happen or
be observed or provides a
reasonable hypothesis related to evidence.
	Uses logic to make a prediction but does not relate it to evidence.
	Not yet able to generate a hypothesis or logical prediction.

	Designing an Experiment/
Investigation
	Student can create a plan for a fair test that identifies what they will observe and measure, includes a materials list and sequential steps, and describes variables
and how all but one will be kept constant, if necessary.
	Student can develop a fair test that includes some of the elements of a fair test.
	Student can not yet develop a fair test.

	Investigating
	Follows a plan for the investigation. Records all data systematically and
accurately. Records observations of similarities and differences. Chooses appropriate measurements and measures accurately.
Draws scientifically with an appropriate perspective and with as many details as possible.
	Follows a plan for the investigation. Records some data but not always systematically or accurately. 
Records observations but not always similarities and differences. Chooses appropriate measurements but doesn’t always measure accurately. Draws scientifically
with an appropriate perspective and with as many details as possible.
	Does not follow the plan for the investigation. Records some data, but not systematically or accurately. 
Records some observations. 
Does not always choose appropriate measurements. 
Draws scientifically, but not with many details. 

	Analyzing and Explaining Data, Drawing Conclusions
	Represents data using graphs, charts, and tables. Analyzes data based on evidence and results of the
investigation. Explains data using scientific terminology.
Uses resources to support explanation. Identifies problems /flaws with the experimental design.
	Represents data using graphs, charts and tables, but may not have chosen the appropriate ones. Analyzes data based
on evidence and results of the
investigation. Explains data using some scientific terminology. Uses resources to support explanation. Cannot identify problems/flaws with
the experimental design.
	Does not represent data in an organized manner. Analyzes data but does not base analysis on results/evidence from the
investigation. Explains data but
does not use scientific terminology. Does not use resources to support explanation. Cannot identify
problems/flaws with the experimental design.


Purpose:


We have learned about the properties and characteristics of heat and insulators (S1-2-07). In this investigation you will:


Use instruments to make measurements


Record measurements


Carry out a fair test experiment


Know that wool is a good insulator
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Ainsley Schade & Ester Klimitz

