Conduction

Materials

· Copper Pipe


· Marbles

· Candle

· Matches

· 1 bowl of hot water

· 1 metal spoon

· 1 plastic spoon

· 1 wooden spoon

· Overhead Notes

Curriculum

· 7-2-01 – Use appropriate vocabulary related to their investigations of the particle theory of matter. Include: conduction, heat, and particle theory of matter. GLO: C6, D3, E4

· 7-2-08 – Demonstrate how heat can be transmitted through solids, liquids and gases. GLO: C1, D3, D4, E4

· Plan an experiment to identify materials that are good heat insulators and good heat conductor, and describe some uses of these materials. GLO: B1, D3, D4

Instructional Sequence

· Class will begin with a demonstration. 

· Marbles will be attached to a copper pipe with wax. The pipe will be held over a candle. As the heat from the candle is conducted along the copper pipe the marbles will fall off the pipe. 
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· As the marbles are falling off the pipe I will ask the students what they think is happening. Why are the marbles falling off in sequence?
· I will explain to the class that they have just witnessed conduction taking place.

· I will write the word conduction on the board. And give the students the definition of conduction. 

· Conduction - is a form of heat transfer that occurs when heat energy is transferred from one molecule in a substance to the next molecule.

· I will ask the students. What does this mean?

· It means that in order for conduction to take place the molecules of a substance must come into contact with each other. Therefore, when molecules are close together they will conduct heat easier than when they are far apart. I could make an analogy to the game  “Telephone” here. The heat is being passed from one molecule to the next the way a message is passed from one person to the next in the game.

· The first to steps in this instructional procedure is the grabber to get the students attention. It has all three levels of the LEP model included. The students are witnessing conduction and making sense of how conduction can flow (later on in the lesson the students will become more familiar with the notion that heat is not actually flowing, but rather passing from one molecule to the next) through the copper pipe (psychological and evidential). Also by giving the definition of conduction the students are getting a glimpse into the theoretical aspect of the LEP model. Even though this is not solidified until the end of the lesson.

· The class will now perform an experiment that will demonstrate how different materials conduct heat at different rates.

· The students will be put into groups of four. Each group will receive a bowl of hot water and three spoons (1 metal, 1 wooden and 1 plastic spoon). The students will write a prediction as to which spoon will get warm first and which spoon will get warm last. 

· After the students have made all their predictions they will put all three of the spoons into the hot water. They will record what happens.

· Now that the experiment is complete they will answer the following questions.

· Why did the metal spoon heat up the fastest?

· What was the difference between the metal spoon and the wooden and plastic spoons that  made them heat up at different rates?

· Do you think that all types of metals would heat up at the same rate as the metal spoon did? Why or why not?

· Once all the students have completed the task we will have a class discussion as to what happened in the experiment and how they answered the questions. Most students will probably think that the reason the metal spoon heated up faster than the plastic or wooden spoon was because the molecules were closer together in the metal spoon. While it is true that molecules are closely packed in metals this is only a part of the reason why the metal spoon conducted heat the fastest. The other part of the reason is because all metals contain what is called free electrons. We will also discuss why we would want to know this. The students should become aware that it is important to know which objects are good conductors and which ones are not. We will brainstorm ideas as to why it is important. Some suggestions could be: so that we know what utensils to cook with, so we can insulate our homes, so that we know what material to build wire with, etc.

· This section demonstrates the evidential (experiencing) portion of the LEP model. The student are participating in a hands-on activity in which they can make predictions, observe changes, and come up with conclusions as to why some materials are better conductors than others and why it is important to know this.

· To explain the process of conduction by vibration, the differences between the materials in the spoons and free electrons to the students and I will get them to participate in a role-play activity. 

· I will tape off a 6ft. by 6ft. square grid in the center of the classroom. Each square in the grid will be 2ft. by 2ft.

· I will get one student to stand in each square on the grid (a total of nine students). I will tell them that they are now molecules in a solid at room temperature. Just to review what they know about the Kinetic Molecular Theory, I will ask the students: If they would be moving at all? (they should know that all molecules are in constant motion and that they should be just vibrating slowly in one spot) I will ask them to sway back and forth to demonstrate this movement. 

· Next, I will tell them that the temperature is rising. How should they be moving now? They will know that they should start to move faster and faster as the heat continues to rise. I will tell the students to begin to move more by waving their arms around and shaking all over. However, they must keep their feet planted in one spot. The student’s arms will now be bumping into one another. This will show the molecules coming into contact with each other. 

· Now that the students are all moving vigorously, I will ask them: If they think the model we made is demonstrating what happened in the wooden/plastic spoon or what happened in the metal spoon? They should say the wooden/plastic spoon because there are no free electrons present. Therefore, to show them what would be happening in the metal spoon I will add the free electrons (basketballs). I will give one basketball to the group standing in the grid. I will tell them that they must continue to move quickly back and forth but that they must now pass the ball between them. They must not hold onto the ball for more than three seconds. This demonstrates the free-electrons circulating through the solid metal spoon. I will add another ball to the group and then another to show that different metals have different numbers of free-electrons. Now that the students have to move to catch and throw the balls they will be moving much faster and therefore they would be conducting heat faster.

· I will ask the students to sit down.

· Once the students are all seated I will refer back to the questions they answered after they performed the experiment. I will ask the students: Knowing now what they do about free-electrons do they think that all metals would heat up at the same rate? There answer should be no. Because it would depend on how many free-electrons were present in the metal.

· Now that the students are familiar with conduction in solids I will ask them: If they think that conduction occurs in liquids and gasses as well? Some of the students will probably know that conduction does occur in all three states of matter. I will ask them: If they think that liquids and gases would conduct heat faster or slower than solids? To help them answer this question I will refer them back to our role-play. I will ask the students to now think of the grid being a swimming pool. Only now the grid will be expanded to fill the entire swimming pool. However, there will still only be nine students (the same number of molecules). In order to transfer the heat they must come into contact with each other. Fortunately, now that they are liquid molecules they can move from their position. So they must swim around to try to come into contact with each other. This makes the process take longer because there is so much space between the molecules. Therefore, the rate of conduction would be slower. Similarly, the rate of conduction in a gas would be even slower because there would be even more space between the particles. They could think of it like a football field where they had the entire field between them and still only nine students (9 molecules). Even more space between the particles means that it would take longer to conduct heat.

· The previous two sections are at the psychological level of instruction. The students are making sense of the theories and concepts surrounding conduction. By participating in a role-play the students are able to better visualize and therefore understand what processes are taking place in the solid spoons. Also by referring the students back to the role-play to make analogies about conduction in liquids and gases they can better grasp the ideas. It will be important in this section for them to understand that in solid materials the molecules are not moving from their original location and that in liquids and gases they are moving about.

· To end the class I will give the students some summarizing notes to solidify their theoretical knowledge (see attached).

· The final stage of this lesson summarizes and consolidates the body of knowledge that the students were exposed to in this lesson, therefore it is at the theoretical level of instruction. The notes that I will give the students at the end of the lesson are very brief as this lesson is geared towards a grade 7 class. Since I have had experience working with this age group I understand that if they are required to write any substantial amount of notes they loose interest in the topic. To help prevent this from happening I used colours and pictures in the notes to keep them interested. Even though the notes are brief I believe they do a good job of summarizing the important concepts in the lesson.

Other Instructional Ideas

· In the instructional procedure I included an experiment in which the students compared three different spoons to see which one conducted heat the fastest. This could be expanded to get the students recording temperatures over a set period of time. Thermometers could be taped onto each spoon. Every 30 seconds for 5 minutes the students could take a temperature reading. This could easily lead into a discussion on rates of conduction. This experiment would be at the evidential level, as the students would be observing, measuring and recording data. If you got the students to graph the data this activity would enter in the psychological portion of the LEP model.

· Another idea that could be implemented at the evidential level of the LEP model would be a cork demonstration. You would need two identical corks and two lengths of stiff wire. One length of wire gets pushed through the cork so that it is sticking out both ends. You need to cut a portion out of the second length of wire and the push each wire in one side of the second cork. The end result will be two cork and wire objects that appear to be exactly the same. Next you could get a student to come to the front of the class to hold each of the objects by the wires over a candle flame. What will happen is that one wire will heat up much quicker than the other. The student will need to inform the class when the wires get hot (another option is to get the students doing this in small groups). When the demonstration is finished the students should be asked why they think one wire got hot and the other one did not. A discussion will follow about what makes one material a better conductor than others.
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· A the psychological level students may have trouble grasping the concept that the particles in a solid are vibrating in one spot and not moving therefore there is not a flow of heat through an object but a passing along of heat through an object. One way to demonstrate this would be with the use of balloons. You could tape several balloons onto the blackboard, so that they are just touching each other. Then you would tell the students that you are going to pretend you are adding heat to the balloons that represent the molecules in a solid. What you would do is simply flick one of the balloons. The students would see is that the balloon vibrates against the other balloons causing them to vibrate. If you flick one balloon hard enough all the balloons will begin to vibrate. This is an activity that helps the students to visualize what the particles inside a solid are doing and therefore helps them make sense of the phenomena.

· In the instructional procedure section I ended the lesson with notes for the students to copy. Another approach to this theoretical aspect of the LEP model would be for the students to work individually or in groups to come up with a summary of knowledge for the lesson. The students could then present their summaries in class. This would be a good way to hear exactly what each student had learned from the class activities. You could then go over the information that the students may have missed. There are also other types of activities that could be done as well, for example fill in the blank questions or journal writing. I think that it is important to remember that theoretical level learning does not need to always involve students copying teacher prepared notes.

Safety Considerations

· The only issue in any of these activities is the use of an open flame. If you are going to get the students working with fire it is important that you inform them of the dangers and proper procedures on how to handle any emergencies that may occur. For example, you would want to remind them where the fire blanket and fire extinguisher are. Of course you will only be using a candle so there is no extreme danger, but it would be a good opportunity to reinforce safe lab procedures.

References

· While preparing these activities on conduction I visited a number of websites that offered good background information on conduction. I also visited some lesson plan sites that gave a good idea of where to start with this assignments. Some useful sites are:

· http://www.encyclopedia.com/html/c1/conducton.asp 
· http://www.infoplease.com/ce6/sci/A0813184.html
· http://www.gcse.com/energy/conduction.htm
· http://www.apqj64.dsl.pipex.com/sfa/id81.htm
· http://www.cloudnet.com/~edrbsass/edsci.htm
· http://www.uen.org/Lessonplan/preview.cgi?LPid=2537
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