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Paper Cup Magic

Materials:
-Dixie cups

-Insulated paper cups

-Bunsen burner

-Ring stand

-Warm water

-Matches

-Bucket of water

-Milk

Safety Considerations:
-go over proper use of Bunsen burners including using matches
-have a bucket of water nearby   

-ensure all loose papers are kept away from table with the burner on it  
Specific Learning Outcomes:
Cluster 4: Weather Dynamics

SLO: S2-4-03: Explain effects of heat transfer within the atmosphere and hydrosphere on the development and movement of wind and ocean currents. 
- Review of heat transfer

Teaching Sequence: (OEPOEPOE)
Observe – Start off by gathering the class’s attention by burning a paper cup. 

Explain – Ask for any explanations from the class. The cup burned because the temperature of the cup reached its ignition point (the point at which it will catch fire). In this case the heat provided by the flame was hot enough to ignite the cup
Predict – What is going to happen when you fill the cup up with water? Have them fill in their predictions on a handout sheet provided.
Observe – In groups they will test out their predictions.  They will fill their cup up part way with water and then place it over the burner. They will record what happens and why they think it happened.
Explain – Ask for any explanations from the class. The water acted as a heat sink. That is, the heat passed through the cup and was transferred into the water. The paper never got hot enough to ignite because the heat was being absorbed by the water. Since water boils at 100 degrees Celsius and doesn’t get any hotter, the heat of the paper would remain the same as the water until all the water had evaporated.
Predict - What do you think will happen if you use milk in the same type of cup. Have them fill the cup up with milk and fill in their handout.

Observe – Place the cup with milk in it over the burner and wait to see if it boils.

Explain - The result was the same as that of the water in the cup. This tells you that milk boils at less than the ignition temperature of the paper. If you were to test the temperature with a thermometer it would be close to 116 degrees Celsius.
*Have students try to boil water again in the other type of cup provided. This is an insulated cup. But don’t tell them that.

Predict – Have them fill their cup up part way with water and write in their prediction of what will happen. Will the water boil or will the cup burn?
Observe – They will place the cup over the burner and watch to see if it boils. They will notice that the water does not boil and the cup burns.

Explain – This happens because the cup is insulated and the heat can not pass through it. In this case the cup absorbs the heat until it reaches its ignition point and burns.
Theoretical Background:
Paper ignites at a much higher temperature than the boiling point of water. The paper will ignite around 230 degrees Celsius and water boils at 100 degrees Celsius. Although the fire is hot enough to ignite the paper cup, the heat energy is absorbed by the water, causing it to boil. The water acts as a heat sink using the heat from the flame to heat up and boil. 
This can be related to weather phenomena in the way that the cup heats up much faster than the water. The same thing happens with the land heating up much faster than the water does in a larger body of water. Take for instance the Gulf of Mexico, the land area around it is extremely hot in the summer months but the water is hotter months later. At this time the land temperature drops and the water temperature causes warm fronts to mix with the cold fronts off the land causing hurricanes and other tropical storms.
Disequilibrium:
Students will find this discrepant because paper is very flammable.  Seeing as the paper on the outside of the cup is dry, students may expect the paper cup to burn, just as it did when it was empty. Once students observe that water can be boiled in a paper cup, they will assume that any type of paper cup will do.  However, when the insulated cup burns with water in it, this will cause disequilibrium again.
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