The Invisible Popeye Can

Materials: 

· Hot plate
· Empty pop can
· Pie pan
· Tap Water
· Tongs
· Ruler
· Oven mitts
Safety Consideration:

This experiment should be a demonstration ONLY. The hot plate can be extremely hazardous and flipping a can over with boiling water requires precision and care. Wearing oven mitts gives you added protection from boiling water that may splash.The can collapsing can cause a loud sound, so students with hearing aids or sensitive hearing may want to cover their ears.

Curricular Context:

This experiment coincides with the Manitoba Middle Years Specific Learning Outcome and can be used in different grades and units:

· 5-2-09 (GLO: C2, D3, E3)
It states that students will...

Explore to identify reversible and nonreversible changes that can be made to substances.

· 7-2-03 (GLO: A2, C1, D3, E4)
It states that students will...

Demonstrate the effects of heating and cooling on the volume of solids, liquids, and gases, and give examples in daily life.

Key Concepts:

· Atmospheric pressure
· Boiling point
· Cooling a gas
Lesson Procedure:

This lesson will use the P.O.E model of instruction (PREDICTION, OBSERVATION, and EXPLANATION)

Preparation:

· Fill the pie pan with an inch of water. Put the pan on the counter next to the hot plate.
· Pour enough water into the pop can to just cover the bottom
· Place the can on the hot plate. Turn the hot plate on. Heat the water to a boil and let boil for about one minute.
· Have the teacher use the tongs to quickly turn the can up-side down in the pan of water.
Ask for a PREDICTION:

· What is happening to the water? (ask when water starts to boil)
· Would anything happen if I flipped the can upside down? (discuss)
· What will happen if I put the upside down can in the pan of water? (discuss)
Quickly remove the can from the hot plate with the tongs, turn it upside down and put it into the pan of water.

Observation:

The can will quickly crumple and collapse.

Disequilibrium:

This experiment is certainly discrepant because one wouldn’t expect the can to collapse without any visual physical pressure. Even with prior knowledge of heating and cooling of liquids and gases, students will probably not expect atmospheric pressure differential to crush a can.

Explanation:

· Ask students, “Why did the can collapse?”
· Allow students who are willing to share their ideas speak to the class
· After some discussion, give a clear explanation and theory and answer questions
Explanation and Theory: 

· As the water in the can begins to boil it fills with water vapor, pushing the air out of the can
· Once the can is full of steam, it is turned upside down into a pan of cold water because the water seals the opening of the can making it airtight so no more air can get out. 
· Putting the can in the cold water cooled the steam (water vapor) suddenly, causing it to condense back into water
· The condensed water takes up less space then the water vapor, which means less pressure pushing on the inside of the can
· The can was no longer filled air or water vapor, making the pressure inside the can extremely low
· The air pressure outside the can was higher than the air pressure inside the can, making it possible for the outside pressure to crush the can
WHAT IF....?

· The students need to understand what happened during the experiment, so be sure to answer their questions and have a class discussion
· Providing analogies may help them make the connection...for example, ask the students to think about crushing the can with their foot. When they step on the can, the pressure outside is greater then the pressure inside, causing the can to collapse
· What if we put the can into a different liquid, such as soda pop?

The water vapor would still force the air out of the can. A different liquid would 
also create a vacuum that would decrease the pressure inside the can. The water 
vapor will begin to condense once being removed from the hot plate, regardless 
of the liquid it is put into. The pressure differential will still be present because of 


the air tight seal and the inevitable water vapor condensation.

· Would the can still collapse if it was put upside down in warm water?

The entire explanation given above is also relevant in this scenario. The 
adaptation of putting the can upside down into warm water only effects the 
time it takes for the condensation to occur. Instead of collapsing instantaneously, 
the can takes approximately one second to collapse. 

Concluding Questions For Students: 

1. What materials were used for the experiment? Can you explain the procedure?
2. What happens to the water when it is heated up? What happens when it’s cooled?
3. Can you think of other objects that experience nonreversible changes because of changes in temperature?
4. Why did the can collapse? 
5. What would happen if we put a can of soda in the freezer?
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