Linear Air track I

1. Object: To study conservation of energy.

2. Equipment: Air track, Gliders, photo-cell gates, and timers. 

Linear Air track: is a device for studying motion that is almost frictionless (nonconservative forces are negligible).  The track is an inverted “V” shape and has numerous holes in its surface (See Figure 1).

Figure 1. Cross section view of air track.

When a “glider” is placed on the track it is supported by a cushion of air and does not touch the surface of the track. When the glider moves, the only friction is the very small viscous friction with the air layer between the glider and the track. This friction force is very small and could be neglected.


Photo-cell gate and timer: In order to study the motion of the glider, distance and time have to be measured as usual. To do this you will use a photo-cell gate and a digital timer in this experiment. The timer replaces the stopwatch and the photo-cell replaces the eye. The photo-cell responds faster than a human being and the digital timer has a higher resolution than a stopwatch. (The smallest division is 1/100 or 1/1000 of a second). Thus, small time intervals can be measured accurately. 

A photo-cell responds to light falling on it. Your photo-cell is illuminated by a flash light bulb (Figure  2) and connected to a timer. When light shines on the photo-cell it switch the timer off. When the light is blocked and none falls on the photo-cell it switches the timer on. The photo-cell acts as a switch that electronically turns the timer On and Off. Hence, when a glider passes between the photo-cell and bulb it blocks the light and the timer is turned On. It remains On until the glider passes through when the light shines again on the cell the timer is turned off. 


Figure 2. Air Track top view.

Thus, the timer measures the time T for the glider to travel its own length L. the speed of the glider is then:
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The above speed is an average speed and approaches the instantaneous speed when L and T become very small.

CAUTION: The air track and its glider are a precision instrument. They are easily damaged and must be treated carefully. Both are made from aluminum, a rather soft material that is easily scratched or dented. Even a small scratch or dent on the surface of the track or the glider will prevent frictionless motion. You must be careful not to slide the glider on the track when the air is not turned on, as this will surely scratch both surfaces. Also if the glider is dropped on the table or the floor it will be dented and will no longer work on the track.

3. Experiment:

When all forces acting on a system are conservative its mechanical energy is conserved. Any work done on the system by an external force appears as a change in this energy.

A. Elastic potential energy of a rubber band:

When a force is applied to a rubber band it stretches, and the work done on it is stored as potential energy. The stretched rubber band can be used to launch a glider and the stored elastic potential energy is transformed into kinetic energy of the glider. During the launching, the rubber band does work on the glider and this work is equal to the change in kinetic energy of the glider. The total mechanical energy of the system (band and glider) is constant. The work done in stretching the rubber band is:
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To calculate the work we have to determine F(x).

1. Have the instructor turn the air blower on.

2. Make sure the track is level. A glider sitting on the track should not accelerate in either direction.

3. Pull the glider back against the rubber band using a string that passes over a pulley. Hang different weights and measure the displacement x of the glider.

4. Plot F(x) against x and extrapolate your curve to the axis.

5. The work done to stretch the rubber band is the area under the force curve. This is also the elastic potential energy of the strtched band.

B. Work-Energy:

1. Have the instructor turned on the photo-cell and the timer.

2. Push the glider through to see if it is working fine.

3. Place the photo-cell close to the launching site and reset the timer.

4. Pull the glider back using a piece of string until the bumpers touch and hold the glider in that position by pressing on the string with your finger.

5. Release the glider by raising your finger.

6. Record the reading of the timer T, measure the length of the glider L, and calculate the speed v of the glider.

7. Repeat a number of times to check the constancy of your launching speed.

8. Measure the mass of your glider and calculate its kinetic energy.

9. Compare this with your result of part A.

C. Friction on the track:

To obtain a good idea how frictionless the track is, measure the speed of the glider at different locations on the track. Estimate the force of friction.
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