TAP 220- 1: Observing collisions

Observe some collisions between trolleys on a runway or between air track vehicles. Include situations where one vehicle is initially at rest and when both are initially moving towards one another. Include some collisions in which the two vehicles become coupled together and some in which they bounce off one another. Notice what happens to the velocities after impact. Try altering the mass of one or both vehicles.

Apparatus

Two alternative methods can be used:

Airtrack

· linear air track, vehicles, air blower and accessories

· light gate and support (2)

· computer with interface and software for timing or two electronic stop clocks

· Blu-Tack or pin and cork

· light gate cards

· light gate cards are most easily made from

· Plasticard (black plastic sheet) available from model shops.

On the linear air track these usually slot into grooves on the ends of the vehicles.  On dynamics trolleys they are best attached with the aid of Velcro (one strip on the trolley, the opposite type on the card). 

· ruler

· access to balance

Safety

Remember that trolley runways and large air tracks require two people to manipulate and carry them safely. Some air track blowers also require two people to carry them.

Runway & dynamics trolley

· dynamics runway

· trolleys and accessories

· light gate and support (2)

· Computer and motion sensor (easier to use with trolleys), or two electronic stop clocks.

· Blu-Tack or pin and cork

· light gate cards if required (see above)

· ruler

· access to balance
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Air track

· Set up a level linear air track with light gates as shown above.

· Test that it is level. (A single vehicle on the track will not drift one way or the other.)

· Study the instructions with your specific equipment to connect light gates to a computer interface or to use electronic clocks. Load software as appropriate. 

· Check that the system is working. 

· Use two identical vehicles and set them up so that they will fasten together for a sticky (inelastic) collision. (Blu-Tack or pins and cork buffers work well.) 

· Place one vehicle in the middle to remain still. 

· Set the stop clocks or software to take readings. 

· Push the other vehicle from the left towards the stationary one and let them collide, stick together and continue to the end of the air track. 

Runway

If you are not able to use an air track then dynamics trolleys on a runway can be very effective within limitations. As you cannot easily measure the friction the runway is tilted so that some of the weight of the trolley is used to compensate. Unfortunately this means you are limited to movements in one direction only – downhill. (The experiment can work without friction compensation.)

· First set up the runway so that a moving trolley continues at constant speed to the end of the track. 

· Arrange collisions so that trolleys are moving downhill before and after impact. 

· Study the instructions with your specific equipment e.g. a computer and motion sensor or to connect light gates to a computer interface or to use electronic clocks. Load software as appropriate. 

· Check that the system is working. 

· Use two identical vehicles and set them up so that they will fasten together for a sticky collision. (Blu-Tack or pins and cork buffers work well.) 

· Place one vehicle in the middle to remain still. Set the stop clocks or software to take readings.

· Push the other vehicle towards the stationary one and let them collide, stick together and continue to the end of the runway. 

Making measurements

Record your measurements of velocity or time. 

If your system does not give the speed as a vehicle passes through light gate, calculate it from speed = (width of light gate card) / (time through light gate) 

Determine and record the mass of each vehicle (complete with accessories).

Further measurements

Find out what happens if you start with:

· vehicles with different masses;

· both vehicles initially moving;

· collisions where buffers are magnets or elastic bands to provide elastic collisions i.e. make your vehicles bounce.

You will need to adjust the positions of light gates for these. If you need the velocity of each vehicle, both will need to carry light gate cards. 

Practical advice

This class practical or demonstration can be carried out using an air track or trolleys on a runway.

Provided you choose fairly simple combinations of mass, momentum conservation will probably seem ‘obvious’ – e.g. a moving vehicle collides with, and sticks to, a stationary vehicle of the same mass, and both move off together with half the initial velocity.

Adding 1 kg masses to dynamics trolleys, (of about 1 kg), works well with a motion sensor.

Students should find that the results do demonstrate momentum conservation pretty well; they can be asked to account for any discrepancies, the most likely source being frictional forces which mean that the colliding vehicles interact with their surroundings and do not form an isolated system. It is also necessary to be careful and rigorous about sign conventions.

External references

This activity is taken from Salters Horners Advanced Physics, Section TRA, Activity/Additional Activity 27

