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Curriculum:
5-4-03:Weather: Language application to describe properties of air: properties; 

volume (air); pressure (air exerts).

6-2-01: Flight: Language application when focusing on forces of air pressure and gravity: pressure (air exerts); gravity; unbalanced forces.

8-3-05: Fluids: Language application in determining factors that affect flow within a given system: fluid; flow; pressure; pneumatic; hydraulic. 

Additional word to introduce: cohesion (water).

Materials required: Scissors; plastic bottle with screw-on top; water. 

Additional materials for further exploration: straw; carbonated liquid; heated liquid. 

 Safety considerations: Take care when using sharp scissors to puncture hole; Water dripping on floor could cause slipping hazard; students may fall out of their seats with amazement due to disequilibrium.

Experiment procedure:

1.
“Here is a bottle holding water, what do you think would happen if this bottle had a hole in the side of it?” (Class makes prediction: “water will leak out of hole”)
2.
Take an empty bottle of the same type, use scissors to make a small hole in the side of the bottle near its bottom. “Lets see what happens with this bottle that has a hole on the side. I am going to fill it with water.”

Over a sink or basin, cover the hole with your finger and fill the bottle to the top with water.

Screw on the bottle cap, hold up the bottle, and say, “Now I will move my finger that is plugging the hole”… WOW!!!

Discrepant Event #1:“Why doesn’t the water leak out of the hole?”
3.
Class takes time to try to explain why it is not leaking. 

4.
Flip the bottle on its side so the hole is on the bottom. “It still won’t leak, even when the hole is facing the ground and the pulling force of gravity is at its greatest.”

Give the class some time to think about it, and they may ask a “what if” question.

5.
“What if we unscrew the bottle cap?” Class observes as you begin to unscrew the cap little by little… WOW!!! 

Discrepant Event #2: The water begins to spout out quickly when lid is unscrewed.

6.
Class takes time to try to explain why the water spouts when lid is off.
Explanation (working towards equilibrium):

“Why didn’t the force of gravity make the water pour out when the cap was on?” 

“What change did I make when I unscrewed the cap? What made the water spout out?”

Bring attention to the fact that air is surrounding the bottle, and that air has the properties of mass/weight and volume; air exerts pressure. 

Draw, label and explain a diagram depicting the air pressures on the water, and the pull of gravity: “When the cap is on the full bottle of water, there is only a small amount of air pressure just under the cap, meanwhile the air pressure exerted on the outside hole of the bottle is much stronger. At this time, the air pressure is stronger than the force of gravity; these are the unbalanced forces that work to keep water in the bottle.”

(Note for 8-3-05: Fluids) An additional factor helping keep water in the capped bottle is the cohesion of the water molecules. This means that the little parts that make up water (the molecules) like to stick to each other, therefore creating a tighter surface than that of many other liquids (Campbell & Reece, 2002.pp 42).      

When the bottle cap is unscrewed air rushes into the bottle equalizing the air pressure (air always moves from areas of high pressure to areas of low pressure). The air pressures cancel each other out, and the force of gravity is greater, causing the water to spout out.

The unbalanced forces of air and gravity controlled water flow in this small example of a fluid system. In everyone’s home we have a similar system, and you use it everyday… hopefully… can anyone guess what system I am talking about? 

Yes, the running water and drains in your houses. In order for that water system to work you need air pressure that is supplied by air vents leading down from your roof to your water pipes. If these air vents get plugged the water will not flow… just like the capped bottle when the water would not flow.   

(For 8-3-05: Fluids) Introduce fluid systems: “Two commonly used fluid powered systems are pneumonic systems that run by the force of air (some drills run by a pneumonic system), and hydraulic systems that use water and/or oil. 

Be prepared for “what if” questions throughout the experiment, they may lead to new predictions, explanations, observations, and again explanation (P.E.O.E.):

What if you fill the bottle only half way?
What if you use a carbonated liquid?

What is the difference between using hot water and cold water?

What happens if you stick a straw in the hole?
What happens if you make 2 holes?

Bloom’s Taxonomy (five questions for discussion that reinforce the principles):

Knowledge: 

1.
List 2 properties of air.  

2.
Air moves from areas of                 pressure to                   pressure.

3.
Name the 2 main forces at work in the small fluid system from our experiment.

4.
(For 8-3-05: Fluids) Name 2 types of fluid systems and their driving forces.

Comprehension:

In your own words explain:

1.
Why doesn’t the water leak out of the hole in the bottle when the lid is on tight?

2.
Why does the water pour out when the lid is unscrewed?

3.
When the lid is unscrewed which is more forceful, the gravity or the air pressure?

 Application: 

Draw and label a diagram showing what you learnt about the unbalanced forces of air and gravity in the bottle experiment.

Name a type of transportation that relies on unbalanced forces for its movement?


Analysis:

Analyse the following situation, considering what we have observed with the capped bottle experiment:

What problem might occur if you accidentally throw your tennis ball too high and it lands on your neighbour’s roof, plugging up their air vent (which we know is connected to the water system of the house)? 

Whom would you have to call to fix this sort of problem?

Synthesis:

(For 8-3-05: Fluids) Knowing that some drills run on a pneumatic system (a system that uses air as its driving force), create your own simple pneumatic system (something other than a drill), sketch it, and write its function. 


For ideas, you can look up pneumatic systems on the Internet.  

Evaluation:

Predict what would happen to an airplane if its windows were knocked out while flying in the air.
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