OCEANS OF AIR

Aquarium, 10 gal





Hot plate

6 gallons tap water





3-4 empty, clean soda cans

2 Beakers







(remove tabs)

Drinking glass






cake pan

Balloons, 4 or 5





tongs

Balance scale (ruler with center point marked)

oven mitt


Milk bottle, glass (or glass juice bottle)


hair dryer

Hard-boiled eggs Medium size



Vacuum Sphere

Index cards, 5X8





Vacuum bell and base

Apron, large rubber





Vacuum pump and hose

Goggles, Safety





Lighter or matches

Cotton balls (real cotton)




Alcohol

Food coloring, blue or green




small measuring cup (tablespoons)

Straws 10-12 (not bendy straws)

1. AIR, LIKE WATER, IS A FLUID- As Daniel Bernoulli found out, AIR and WATER share common properties.  That is, they act the same way.  

A.  Like WATER, AIR can be poured.

DEMONSTRATION: Pour water from beaker into tank.  

DEMONSTRATION:  Pour AIR. Immerse one beaker into tank.  Invert the 2nd beaker so that air is trapped in it.  Hold the 2nd beaker slightly below the first, and tip it slowly.  As the air bubbles escape, catch them in the first beaker.

B. WATER is COLORLESS, ODORLESS, and TASTELESS.

C. AIR is COLORLESS, ODORLESS and TASTELESS.

D. Like WATER, AIR takes up space.  

DEMONSTRATION: WATER takes up space (and takes on the shape of the container that holds it) in the tank, and in a glass.

DEMONSTRATION:  AIR takes up space in a balloon, blow up the balloon and tie it off.  Have a volunteer come and sit on a chair in front.  Before they sit down, place balloon in chair seat.  Ask students if volunteer can sit in the chair?  Why not?

E. Like WATER, AIR has mass and therefore weight. 

DEMONSTRATION: WATER has mass (weight) by showing a glass full of water.

DEMONSTRATION:  Show 2 empty identical balloons.  Show balance scale made from ruler.  Prove that ruler is balanced.  Blow up one balloon and tie it off.  Attach one balloon to each side of the ruler and balance again.  Have students predict which side will sink, and which one will rise.  (ENSURE THE BALLOONS ARE THE LARGE SIZE--- SMALLER ONES ARE DIFFICULT TO WEIGH.)

F. Like water, AIR exerts pressure.

DEMONSTRATION:  Seat a volunteer up front facing class.  Dress them in the rubber apron and goggles.  Hand them a towel.  Explain that you are going to hold a glass over the vol’s head.  Big deal?  (Dip into water tank and fill about 2/3 full).

“I’m going to hold this glass of WATER over _____’s head.”

“Upside Down.”  (Place card over mouth of glass and invert)

“With just one hand.”  Let go of the card, while holding over volunteers head.  Have them look up.

(Need real cup/glass for this, a beaker won’t do it.)

EXPLANATION:  Air pressure is pushing all over the empty glass, inside and out.  When I fill the glass with water, it leaves only a little room for air.  Then when I turn the glass over since there is less air, there is little air pressure pushing on the card from the inside of the glass and there is more air pressure pushing on the bottom of the card up towards the glass.

DEMONSTRATION:  Sphere and vacuum pump.  Need an observer to come and check out that there is nothing special about the sphere.  Connect the sphere to the right side of the pump.  Ensure that the valve on the sphere is OPEN (turned in line with the hose.  Turn on the pump and have students count to 10 slowly.  Turn the valve to the closed position and disconnect the hose from the valve.  Have a strong student volunteer come up and pull apart the halves of the sphere.  Have another one try. 

EXPLANATION:   AIR  exerts 15 lbs per square inch.  The surface of this sphere is about 50 square inches.  With the sphere in two pieces, AIR is pressing on the outside and on the inside an equal amount.  But if I connect the vacuum pump and take out the AIR from inside the sphere, then that leaves 50 sq inches times 15 lbs (750 lbs of pressure) pushing the halves together, but nothing on the inside pushing them apart.

Ask for a smaller volunteer.  Open the valve again as they are coming to the front.  BE CAREFUL TO HOLD THE SPHERE TOGETHER.  Have the new volunteer take the halves apart…easily!

DEMONSTRATION:  Balloon in a vacuum.  Ensure seal on the bottom plate of the vacuum chamber is in good shape.  Blow up a balloon to about the size of a fist, and tie it off.  Put the balloon inside the chamber.  Connect the vacuum pump to the chamber and direct students to predict what will happen as you remove the AIR out of the chamber.  Start the pump and let it run while watching the balloon.  Turn off the pump and ask the students what they saw.  Detach the hose from the chamber and flood with AIR.  Ask the students what they saw.  Did it match their predictions?  Why?

EXPLANATION:  Again, there was 15 lbs per sq inch on the inside of the balloon and 15 lbs per sq inch on the outside of the balloon.  When I removed the AIR from the chamber, I took it from the area around the balloon, but NOT FROM INSIDE OF THE BALLOON.  The AIR inside the balloon was able to push from the inside, while the AIR outside of the balloon was too thin to even out, so the balloon got bigger.  Once I let AIR back into the chamber, the pressure against the outside was equal to the air against the inside, and the balloon went back to it’s original size.

DEMONSTRATION:  Hot cans.  Plug in and turn on hot plate to max. temp.  Fill cake pan ½ full with water.  Fill soda cans with about ½ tablespoon water.  Put cans on top of hot plate.  When cans show steam from the tops, grasp a can with tongs, and quickly turn it over and place it top down in the water in the cake pan.  Can will crumple with a loud noise.  Do the next two cans quickly.  TURN OFF HOT PLATE.

EXPLANATION:  The cans crumpled because the heat lowered the air pressure inside the cans.  Just like when you finish drinking a soda and crunch the can, air pressure was able to do the same thing.  15 lbs per sq inch on the outside, something less than that on the inside, and the sides of the can were squeezed under the pressure.  

DEMONSTRATION:  Next, LIFT A CAN OUT OF THE CAKE PAN.  “How much water did we put in this can?”

Hold can up and let water drain out of it.  Will be around a half of a can full or so, usually. Show others, holding original measuring spoon under the flow to show that it’s much greater now than when we started.

EXPLANATION:   Air pressure again.  This time it’s the air pressure pushing down on the water in the cake pan.  Since the air pressure is so low inside the cans, the water is pushed up inside thru the opening in the top of the can.

DEMONSTRATION:  Egg in the bottle.  (a balloon filled with a small amount of air may be substituted for the hard boiled egg.  Fill to about the size of a heart or small fist.)  Collect bottle, cotton ball, alcohol, lighter and egg.  Soak egg in alcohol, light and drop into bottle.  While cotton ball is burning, place egg or balloon on mouth of bottle (ensure you seal the top).  Egg will be pushed into the bottle without being touched.

EXPLANATION.  Fire needs heat, fuel and oxygen to burn.  Air has oxygen in it.  If I remove the outside source of oxygen by sealing the top of the bottle, the remaining oxygen in the bottle is quickly burned up.  With less oxygen, there is also less “air”.  Less air means lower air pressure in the bottle.  Air pressure outside of the bottle is still the same, however.  And once the pressure inside the bottle drops, the 15 lbs/sq inch on the outside of the egg is what pushes the egg into the bottle.  Once the egg/balloon “plug” is gone, air pressure is balanced in and out of the bottle.

DEMONSTRATION:  Egg Back out of the bottle.  Look at egg in bottle.  Shake up and down a few times to seem to get egg out.  Ooops.  Get suggestions from students on how to get egg back out of bottle.  Lead them to the idea of increasing air pressure inside bottle to “push” it back out.  Turn bottle upside down and shake so that egg/balloon creates a seal at the inside of the mouth of the bottle.  Use hair dryer to heat air in bottle.  Have students predict what the egg will do.  

EXPLANATION:  Heating the air gets the air moving and increases the air pressure inside the bottle until it’s higher than the air pressure surrounding the bottle. When it is high enough inside the bottle, the egg is pushed out of the bottle.

