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“Mission Impossible: The Transporter”

MATERIALS REQUIRED

· A peeled hardboiled egg

· A glass bottle or a Erlenmeyer flask with a neck slightly narrower than the diameter of the egg

· Hot water (enough to fill the bottle) in a heat resistant jar

· A tub 

· Oven mitts or heat resistant gloves

SAFETY CONSIDERATIONS

· The only safety concern the teacher may have is to take caution of how the students are handling the hot water. Tell them to wear the safety mitts while handling the hot water bottle.

CURRICULAR CONTEXT

This experiment lines up with the Manitoba Middles Years Specific Learning Outcome of: 5-4-03 (GLO: D3)

Students will learn how to describe the properties of air through:

· Air expands to fill a space from all directions

· Air expands and rises when heated

· Air expands and contracts and sinks when cooled

· Air exerts pressure

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

· Air has mass/weight and volume

LESSON PROCEDURE

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

PREDICTION:

· Ask the students to observe the bottle and to imagine the particles both inside and outside of the bottle. What do they see? The obvious answer is that the particles inside is the same as the ones on the outside. This purpose is to get the students thinking about the air particles inside the bottle.

· Place the egg on top of bottle and ask them to do the same.

· Ask: “Why is the egg not fitting in the mouth of the bottle?” Their obvious response should be that the diameter of the egg is too big for the opening of the bottle. 

· Ask: “What are some ways to make the egg go in the bottle without breaking it?” Ask them to brainstorm. Students’ first initial thought would be forcing the egg in – but because you emphasized that the egg can’t be broken– they should be thinking of other ways.

· Once the students seem unsettled by that thought, introduce the hot water. 

· Bring out a heat resistant jar containing hot water, and fill the hot water all the way to the top of bottle (make sure to wear oven mitts and warn students to be careful when pouring in the hot water). Let bottle heat up for 30 seconds.

· Ask: “What is happening to the bottle now?” The response they give you should indicate that since it is hot water poured into the bottle, the bottle is heating up.

· Empty the hot water into a tub (again, reminding students to wear oven mitts when doing this).

· Tell them to place the egg back on top of the mouth again with narrower end facing down. 

OBSERVATION

· In a little while, the egg should slowly be sucked into the bottle.

DISEQUILIBRIUM


This demonstration is a good discrepant event because most students would not understand how a heated bottle would be able to suck in an egg. A possible hypothesis would be that the egg fell as a result to gravity, but gravity alone is not sufficient to pull the egg into the bottle. They would have known from trying before. Even from understanding the basic science of heat – expansion – they will not understand how that will suck in the egg rather than pushing it off bottle creating cognitive disequilibrium. 

EXPLANATION

· Ask: “What happened and why?”

· They may suggest that as a result of heating the bottle, it facilitated the egg to be sucked into the bottle, but they will not be able to explain why.

EXPLANATION & THEORY

· Explain that the particles from before the hot water was poured in was different from after the hot water was poured in. When the temperature in the bottle changes, the pressure inside the bottle changes too. In this case, heating it will make the particles inside the bottle expand.

· But since the egg was put on top, the expanding pressure inside the bottle has no room to escape – blocking it inside the bottle.

· Once the temperature slowly starts to cool inside the bottle, the pressure decreases therefore making the pressure inside the bottle smaller than the atmospheric pressure outside the bottle. The pressure outside of the bottle is now greater than the pressure inside the bottle.

· As a result, students will now understand that the egg is actually “pushed” in the bottle by the outside pressure rather than being “sucked” by the pressure inside.

FOOD FOR THOUGHT: WHAT IF’S

· It is important that the students understand, or come to a state of equilibrium after the explanation. 

· Your students, after understanding the concept of pressure will wondering at times what will occur if the variables change? Here might be some possible variable changes:

· What if instead of using hot water to heat up the bottle, we used fire?

The result would be similar to using water to heat up the bottle. The pressure inside the bottle will heat up and expand. As the egg is placed on top, after the fire is burnt out, the pressure inside starts to cool. As a result, the atmospheric pressure outside of the bottle “pushes” the egg into the bottle. Fire would naturally heat up the bottle quicker, therefore creating a more dramatic effect when placing the egg on the neck of the bottle. You might see the egg “dance” a bit, and then make a “plop” sound as it gets “pushed” into the bottle.  

· What if we used cold water instead of hot water?

When you use cold water instead of hot water, the concept of the pressure inside the bottle decreasing should not change. When the temperature drops, the pressure decreases as well, as a result the outside pressure is greater than the decreasing pressure inside the bottle, “pushing” the egg inside the bottle. 

CONCLUDING QUESTIONS FOR STUDENTS

1. After the bottle was heated up, and the egg was placed on top. What happened? 

2. What happened to the pressure inside the bottle after it was heated? Why did we say the egg was “pushed” into the bottle rather than “sucked” in?

3. If there was a race to see how fast the eggs can be “pushed” into the bottles, how can we manipulate the process to have them go at different rates?

4. The egg in the neck of the bottle creates a vacuum seal, what objects can we think of in our everyday lives that require these types of seals?

5. What would happen if we reversed the temperature of the water from hot to cold? Would it have the same effect on the egg?
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