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Some evidence to show that air is a real substance

1. Stuff a clean handkerchief into the bottom of a dry drinking glass - could be made of plastic – fairly tightly so that it can be held upside down without the handkerchief falling out. Then, whilst holding the glass upside down push the glass vertically downwards into a bowl of water until it is completely submerged. Keep it underwater for a few moments and then remove the glass from the water being careful to keep it vertical the whole time. You should find that the handkerchief is quite dry – water is not able to get far into the glass because the air is in the way. (The air does compress slightly so the water will rise a little way into the glass. The deeper the glass is pushed under water the more the water is compressed. The same experience can be used to show that the pressure in water increases with depth.)

2. Hold two transparent drinking glasses (Could be plastic) under the surface of water in a large container. Ensure that one is filled with water and the other with air. Now, carefully pour the air from its container into the container filled with water. It seems strange to be pouring a substance upwards but it is clear that the air is there – and takes up space.

3. If you have a sensitive balance it is possible to show that air has weight (mass?) by weighing a balloon before and after inflation. Actually this shows the weight of the air in the balloon to be smaller than it really is since there is an up-thrust on the inflated balloon equal to the weight of the outside air displaced. You are only weighing the extra air, that is above atmospheric pressure. Inflating a football does not change its volume by much so if you can weigh one of these accurately before and after inflation you may get a clearer increase. This is actually best done by following the procedure in the next paragraph.

4. Pumping air into a 2-litre pop bottle

 Begin the lesson by asking this question:

“If you pump air into a football to make it harder, will it make the football a bit heavier, a bit lighter or make no difference? Whisper what you think to the person sitting next to you”

Give the class 10 seconds to work out their responses then call for attention and take a vote. You will find that many pupils say the football will get lighter or stay the same. Of course if they all say it gets heavier you can skip to the end of this lesson!

The intervention phase – weighing air. 

To demonstrate that air has weight, take a 2 litre pop bottle and insert, tightly, a rubber bung with a short glass tube and rubber tube with screw clip to allow you to pump it up with a cycle pump. Use a top pan balance (to read 0.1g) and re-zero the balance once you have placed the pop bottle on it. If the balance is linked to a computer and data projector the pupils can see the weight (currently zero). Now remove the bottle and get a pupil to hold it whilst you pump air in – about 40 strokes. Tighten the clip and return the bottle to the balance. It should now read about 1.0 g. (You will need to rehearse the number of pumps beforehand so that you do get one gramme of air into the bottle).

This will be surprise enough for many of your pupils but the best bit follows as you let the air back out. If you cannot connect the balance to a data projector have a pupil call out the readings as you unscrew the clip a little to let the air out, quick enough so they can hear the hissing but slow enough to see the balance return gently to zero.

Now place a small pea-sized bit of plasticene (prepared earlier, weighing 1g) onto the pop bottle, which is still on the balance, to bring it back to the same weight as when the air was in it. This will demonstrate that there is the same amount of matter in that tiny ball of plasticene as there was in 40 pump-fulls of air. 

The reason why people think air is weightless is that gases are so spread out that they seem to be made of nothing (though air can be very destructive in the form of strong winds!). Solids and liquids are condensed forms of matter with particles touching, but the particles in gases are widely separated. If the plasticene ball was made of water and you dropped it into a hot saucepan, the steam from it would fill the pan – another bit of evidence of the ‘spread-out-ness’ of gases. In fact gases typically have a density 1000 times less than in their solids or liquid form.
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