At an open end of a tube, the air particles encounter the atmospheric pressure of the room. The small changes inside the tube do not appreciably affect this atmospheric pressure, because the air particles in the room move in response to the motion of the particles near the open end of the tube. Thus, the pressure at the open end is a constant, and there is a pressure node at the open end.

The air particles near a closed end of a tube cannot move beyond the closed end; therefore, the density of air particles varies as the components of the traveling wave travel back and forth. As the density increases, so does the pressure; as the density decreases, so does the pressure. Thus there is a pressure antinode at the closed end

When we have a region of pressure above normal pressure in the air, this pressure is exerted in all directions and if it is not enclosed, it will expand in all directions. However, when a compression is traveling down a pipe the lateral pressure is exerted on the rigid walls of the pipe. But when this compression reaches the open end of the pipe the walls are no longer present to balance this lateral pressure and expansion takes place in all directions. Thus the effect of the open end of the pipe is to allow this excess pressure to be suddenly reduced toward normal, starting rarefaction waves in both directions from the open end of the pipe as the air rushes out and conversely as the air pushes in upon the arrival of a rarefaction at the open end of the pipe, a compression wave is started in both directions. Thus it is seen that the companion waves arising at the open end of a pipe are in phase with each other.

When a pressure wave reaches the end of an open tube, the pressure 

causes the air molecules to be "shot" out when they are no longer 

restrained by the walls of the tube. Since the air has mass, inertia 

causes a low pressure area to be created which then reverses direction 

and goes back up the tube.

When a pressure wave reaches the end of a closed tube, the molecules 

have nowhere to go, so they just bunch up against the end of the tube 

(picture the marching band in the blind alley in "Animal House" <g>). 

They can do nothing but reverse direction and send a pressure wave back 

up the tube.

If you're looking for demos on waves in tubes, here are a few I use:

1. Use a 1000ml graduated cylinder and a vacuum cleaner (set on "blow") 

to demonstrate closed tubes. You can add water to the graduated 

cylinder to shorten it for different frequencies. If you have a audio 

spectrum analyzer (like the PASCO 750 Science Workshop interface) you 

can see spikes for the first, third, fifth harmonics and so on. Using 

a vacuum cleaner makes the tones _loud_, so make sure that you have the 

cooperation of surrounding teachers!

2. I use a 2.3m long, 6 inch diameter cardboard packing tube along with 

a bare 4" speaker and a signal generator. Point the speaker at the end 

of the tube and adjust the frequency until you can hear the tube 

resonate. You can then dial up the frequency to find the harmonics. A 

tube this long will resonate at very low frequency. Use a coffee can 

to cover the open end for a closed tube.

3. The small wooden slide organ pipe as sold by various suppliers works 

well. You can remove the slide completely to demonstrate an open pipe, 

then slide it in to get the same note and demonstrate that a closed 

tube is half the length of an open tube for the same frequency.

