The Dancing Penny
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Materials

· Two empty glass bottles with a narrow necks
· Two large containers for hot water. Preferably plastic as the outside will not get as hot as a glass container.
· Two pennies; this experiment could also be done with a dime or other small coin of very light weight. Nickels and quarters would have too much mass.

Safety Considerations

· Make sure the water you use is not overly hot. The water does not have to be boiling for this experiment to work. Straight hot water from the tap is all that’s required and it is much safer for the students as well.

· A plastic container is much safer for students. The plastic container will not get as hot as a glass container would and therefore would be much safer if the container was accidentally touched by a student.

Fitting Into Middle Years Curriculum

Grade 7, Cluster 2: Particle Theory of Matter

· 7-2-01: Use appropriate vocabulary related to their investigations of the particle theory of matter. Most significant for this experiment are the words temperature and heat.

· 7-2-03: Demonstrate the effects of heating and cooling on the volume of solids, liquids, and gases, and give examples from daily life. This experiment focuses on gases.

Commentary

Preparation

· When doing this experiment in the middle years classroom, I would expand on the normal procedure to make it more compelling for students. I would do this by involving the students in the experiment.

· Set-up two separate containers of water; one containing hot water and the other containing cold water. Do this before the experiment begins so the students don’t know the difference in water temperature.

· Prepare the two glass bottles. Make sure both are room temperature or slightly cool. 

· Have both pennies beside the bottles so they are readily available when the experiment begins.

Discussion

· Talk about how the experiment is going to function.

· However, it is important not to discuss temperature before you do this experiment. This is likely an experiment I would do right at the start of a class. If you bring up temperature before the experiment, most students will figure out that one container has hot water in it while the other is cold. This is the variable you want to discuss after the experiment, not before.

Volunteer

· Ask for one student to come up and help you with the experiment. He will have control of the container with the cold water. The teacher (me) will have control of the container with the hot water.

Procedure of Demonstration
· Have all the students gather around a big table so everyone is close to the action. If students are far away they may not be able to see the penny vibrate. 
· Allow the volunteering student to attempt the experiment first.

· Although he or she followed all of the procedures carefully the penny doesn’t do anything. Students will begin to question the experiment, wondering, “Does this experiment even work?”

· Then, as the teacher, do the exact same thing that the student just attempted. Of course, the only difference is that your container contains hot water instead of cold. When you immerse the bottle in the water, the penny on top of the bottle will begin to vibrate on top of the bottle. Thus the name, “The Dancing Penny.”

· When doing experiment it is crucial that the lips of the bottle are moistened sufficiently. Explain why you must do this to the students. 

· This should create disequilibrium with the students because as far as they know each set-up was the same.

· Ask the question, “What was in each of the bottles before they entered the container?” Have the students realize that air of the same temperature was in each of the bottles.

· Then ask, “What kind of water was in each of the beakers?” The students should then begin to catch on to the fact that the water temperatures in the containers were different. Allow the students to feel the water to verify their thoughts.
· You then must ask the question, “Why did one coin vibrate and the other not?” This is now the time for explanation.

Explanation of Experiment

· Have the students go back to their seats and begin an explanation on the board.
· Draw a diagram of the two bottles. Show that the air inside is made up of tiny molecules by drawing small circles in the bottles.

· Then explain that hot water heated the air in the bottle causing the molecules to move faster; whereas in the cold water the molecules would have begun to slow down.

· Because the air was heated it began to expand and leave the bottle. When the air tried to escape it made the coin vibrate because it needed to force through the seal created by moistening the top of the bottle. This is important to explain to kids in case they want to try this experiment at home to surprise their parents. If there were no seal the air would simply seep through the top.
· As air continues to try and escape, time after time the coin vibrates.

· Students can now make sense of what they have seen. They realize that the penny vibrates because the air molecules begin to move faster and expand while the cold air begins to move slower and contract. This effectively demonstrates the results of heating and cooling on a gaseous substance. In this case, oxygen.
Five Questions for Discussion Using Bloom’s Taxonomy

1.) Knowledge

What effect does temperature have on the molecules of a gaseous substance?

· What happens when molecules are heated?

· What happens when molecules are cooled?

2.) Comprehension

A hot air balloon is soaring through the air. The pilot of the balloon notices the hot air mechanism has stopped working. It takes him 5 minutes to get it fixed. What was happening to the air in the balloon in those 5 minutes?

3.) Application

Matthew was cleaning his car on a very hot summer day. He left the cleaning spray he had bought, and was using, on the driveway in the intense heat and the can exploded. Why did this happen? What should Matthew have done with the spray when he was finished with it?
4.) Analysis

From question 2, how does the pilot of the hot air balloon determine how high the balloon rises?

5.) Synthesis
- List two examples of when the expansion of gases molecules would be beneficial

- List two examples of when the contraction of gases molecules would be beneficial.

6.) Evaluation

Determine whether the oxygen molecules in each of these examples will speed up and expand or slow down and contract.

a.) A balloon is left out in the backyard in the middle of winter.

b.) A half full pail of ice cream is taken out of the freezer and left on the counter with the lid on.

c.) A man’s bike is left outside overnight in the cold. The next day, he brings the bike inside and realizes the tires are flatter. The air in the tires has….
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