California Physics Standard 2f
Send comments to:  layton@physics.ucla.edu
2. The laws of conservation of energy and momentum provide a way to predict and describe the movement of objects.    As a basis for understanding this concept:
f. Students know how an unbalanced force on an object produces a change in its momentum.

Activity to show that F∆t = ∆(mv),  that is, impulse equals change in momentum.
This activity uses the same equipment as described in Standard 2a above, only times rather than distances are measured.  Probably two stopwatches are required.  One  to 
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As before, the string must be long enough to allow acceleration with a constant force but should also allow this force to drop to zero just as the cart enters coasting space.  This experiment will definitely be a team effort with one student providing the force and two other students measuring the acceleration and coasting time.  (If available, a split stopwatch might require only one student.)  If the friction is fairly low, the coasting distance divided by the coasting time will give the final velocity.  Different masses can be used and the total mass of the cart plus included masses can be measured with the spring balance and dividing by g. This experiment should help students to see how the product of force and time equals the change in momentum just as the previous experiment should have illustrated how the product of force and distance equaled the change in kinetic energy.

Bottle Rockets (or Water Rockets)
Students can have a lot of fun building, testing and competing with one another with bottle rockets.  The best way to find out about these is to engage in a web search for “bottle rockets” or “water rockets”.  Often the URLs for related pages do not hold up but one that describe building the rocket and even includes a parachute, if it is still up, is:   

http://www.lnhs.org/hayhurst/rockets/ wrbook.htm 

And a NASA PDF download of how to build the launcher: http:// www.nasa.gov

/audience/foreducators/topnav/materials/listbytype/Bottle_Rocket_Launcher.html

The essential idea behind the bottle rocket is that an empty plastic soft drink bottle is fixed with fins to make a rocket.  It is half filled with water and using a special launcher, it is pumped with air to provide the energy to expel the water through the inverted top of the bottle.  The resulting application of energy and momentum makes a spectacular display as the rocket rises into the air.   Many variables can be tested such as the amount of water,the amount of energy stored by pumping, the shape of the rocket and how all of this influences the height the rocket rises.  Be sure to observe the safety measures suggested in many of the articles on the web as well as in the NASA launch download.
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measure the time of acceleration and the other to measure the time of coasting.
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