The Egg &

  the Milk Bottle

Thanks to Mike Zurba

The Curriculum: C30S-2-05 & 06

 Note that in this demo the system remains closed to only some steps in the demo. Thus, Boyle’s & Charles’ Law apply for only these segments.
Materials:

· One hard-boiled egg
· One empty glass milk bottle or Erlenmeyer Flask
· Two clear containers – one with very hot water, one ice cold water.
· Matches and paper
Procedure:
1. Peel the shell off a hard-boiled egg and place the egg on the mouth of the milk bottle.
2. Ask students to visualize the nature of the particles both inside the bottle and around the egg on the outside of the flask. They should realize there is no difference.
3. Let students know you are going to place the bottle in the container of hot water. Ask them to consider what will happen in the flask and what the effect will be on the egg.

4. Place it in hot water. The egg should bobble a bit because of the increase in pressure inside the flask. Ask them to again consider what happened in the flask and what the effect was on the egg. Ask students to visualize the nature of the particles both inside the bottle and around the egg on the outside of the flask.

5. Let students know you are now going to place the bottle in the container of cold, ice water. Ask them to consider what will happen in the flask and what the effect will be on the egg.

6. Place it in cold water. The egg should be forced in a bit but unlikely all the way in because of the decrease in pressure inside the flask. Ask students to visualize the nature of the particles both inside the bottle and around the egg on the outside of the flask and the affect this has on the egg.
7. Ask: “What will happen if I put a burning piece of paper in the bottle and place the egg back on the bottle?”  

8. Burn a small piece of paper, lift the egg up, put the burning piece of paper in the bottle and place the egg immediately back on the bottle’s mouth (egg will get sucked into the bottle). Ask students to visualize the nature of the particles both inside the bottle and around the egg on the outside of the flask upon heating and what causes the egg to be forced in.
9. Ask: “How can we get the egg out of the bottle without cutting the egg up?”

10. To get the egg out of the bottle whole: invert the bottle and let the egg fall into the bottleneck. Blow a short spurt of air up into the inverted bottle and catch the falling egg. 
Theoretical Background
The main concepts at work here are gas expansion by heat and a corresponding increase in exerted pressure.  The opposite occurs when the heat is removed. Ensure students think about the changes particulately, giving consideration to temperature, volume and pressure relationships. The hot water and burning paper are heating the air in the bottle and expanding it, this is why the egg was vibrating before it was sucked into the bottle. Some of the air slipped under the egg and out of the bottle, thus leaving less air pressure in the bottle because of a decrease in particles. An added cause for the decreasing air pressure inside the bottle is that the burning paper took away the oxygen of the remaining air and turned it into carbon dioxide and water vapour. The latter condensed against the cold bottle.  The opposite process occurs when the air in the bottle cools. Another way to get the egg out is to warm the bottle with egg sitting in the bottleneck-the trapped air should expand enough to force the egg out.

Disequilibrium
The common characteristic associated with heated air is expansion. The students will most likely not hypothesize the egg to get pushed into the bottle due to a fire.  The common sense of a student will also fail to guess that blowing on the egg back into the bottle will cause it to be forced out. The students’ previous conceptions on expansion and pressure will have to be revisited.
Questions

1. Explain in your own words how the egg moved into the bottle.

2. How does this demonstration relate to the movement of air between regions of high pressure and low pressure?

3. If you had 4 bottles and eggs, how could the eggs be pushed into the bottles at different rates?

4. What would happen if the air in the bottle did not get hot enough to affect the molecules?

5. At the particle level, explain why the high air pressure moves towards the low air pressure?

6. Using the information about air pressure that you have learned, are there other ways of getting the egg in and back out of the bottle without damaging it?

7. If you have studied Boyle’s and Charles’ Law, do these laws apply to any part of this demonstration? Explain why or why not? Remember, these laws only apply to closed systems in which the amount of gas (number of particles) remains constant.

