The Incredible Crushing Can
Curricular Content:

This experiment demonstrates the concepts outlined in the Manitoba Middle Years Specific Learning Outcome of:   5-4-03 (GLO: D3)

That is, in this experiment, the students will describe the properties of air, specifically that air:  

· has mass/weight and volume

· expands to fill a space

· expands and rises when heated

· contracts and sinks when cooled

· exerts pressure

· moves from areas of high pressure to areas of low pressure

Safety Considerations:

· Students will be using a hot plate, so care should be taken to make sure that the students are careful while using it.

· The students should also use tongs to handle the pop can after it has been heated, so as not to burn themselves.

Materials Required:

· Graduated cylinder
· Hot plate or other heat source
· Basin full of cold water

· Empty aluminum pop can
· Water

· Large empty aluminum can

· Pair of tongs

Lesson Procedure:
This lesson will follow the P.O.E (predict, observe, explain) model of instruction.

· Split the students up into groups of 3-4

· Use the graduated cylinder to measure out and pour approximately 20 mL of water into the empty pop can
· Heat can over a hot plate until the water inside the can starts to boil

· Allow the water to boil for approximately one minute

· Ask students to predict what will happen:  

-“What is happening inside the can?”

- All the students should know the water inside the can is boiling

-“What is going to happen to the can when I put it into the water?”

-Entertain some class discussion while the water in the can is coming to a boil

· Once the water is boiling, use the tongs to pick up the can and quickly flip it upside down into the basin of cold water so that the hole in the top of the can is completely submerged in the basin of water
Observation:

· The can will implode, crushing inward rather dramatically 
· This should create a sense of disequilibrium in the students, since most of them will not be expecting the can to spontaneously crush itself
Explanation:

· Ask students “Why did that happen?”

· Engage in some discussion with the students

· After some discussion, explain the theory about what happened with the students to bring them back to a state of equilibrium
Theory:

· In the beginning, the pressure inside the can is equal to the pressure outside the can (the atmospheric pressure), as air can pass freely in and out of the can through the hole in the top.  Once you pour water into the can, and begin to heat it, the pressure is still normalized through the open hole in the top, which allows air in and out of the can to maintain a constant pressure equal to the atmospheric pressure.
· As the water boils inside the can, the water vapour created displaces the air that is inside the can.  Once the water vapour cools by removing the can from the heat source and placing it in the cold water, it condenses and fewer water molecules collide with the sides of the can.  This causes a decrease in pressure inside the can.  

· Since the pressure inside the can is now less than the atmospheric pressure outside, the air molecules in the atmosphere attempt to normalize that pressure by entering the can.  Since the opening of the can is sealed by being dipped in the water, the air molecules push on the sides of the can until the volume of the can is reduced to a point where the pressure inside the can is equal to the pressure outside.  

What if:

· You used more/less water?   - If there is no water in the can, so that you are only heating the air, the can will still be crushed, but not to the same degree that it would when you have added water.  The reason for this is that the volume difference between heated and cooled steam is much greater than the volume difference between heated and cooled air.  Therefore, when the can with the water is cooled, there is more of a pressure difference than if there is just air, and the can is crushed to a greater degree.  The more water you have inside the can, the less the can will crush as well since you are decreasing the volume of air to be displaced inside the can.
· What if you used a larger can?  -If you used a larger can, it would still have the same effect because the steam would expand to occupy the entire volume of the can and displace the air that is present.  For this example you could use the larger metal can to demonstrate what would happen.  In this case, you would pour approximately 100 mL of water in the can, and heat the can until the water boils.  Once the water boils, take the can off the hot plate, and put a cap over the spout of the can.  Then place the can in the basin of cold water.  The much larger can will also implode.  You could repeat this same experiment using an oil drum. 

Concluding Questions For Students:

1. What happened in the experiment? 
2. Why did the can implode when it was placed in the cold water?
3. How could knowledge of this lab help you to explain why the sides of a juice box collapse in on it as you suck on the straw?
4. You are an auto mechanic working in a garage in the middle of winter.  A customer comes back complaining that you did not inspect his car closely enough and believes that the tires are leaking air. Upon questioning the customer, you find out that the customer had to leave the car with the garage for several days, where it was left in a heated bay.  The tires appeared fine to the customer when he left, but shortly afterward, the tires appeared to be flatter.  You look the tires over and there does not appear to be any holes where air could leak out.  Having completed this lab, what could you tell the customer to put his mind at ease?

5. Can you think of any other examples of pressure changes in everyday life?
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