The Cart and the Weight

Have you ever hit a ball with a bat or a golf ball with a golf club? In each case, there is a force on the ball. What is this force? Can it be measured? In this investigation, a weight will be dropped on a moving cart. As the weight increases horizontal speed, there is force acting on it. Your goal is to calculate this average force.
Apparatus:  Computer, track, cart (no plunger), 2 weights, CBL and motion sensor. 

First determine the mass of the cart. Next determine the mass of the dropped weight. (both in kilograms)
Open Logger Pro 3.2. Select file [Physics with Computers]. Open [13 Air Resistance]. Left click on the vertical label ‘Position’. Click on ‘position’. Select ‘velocity’. Click on Experiment. Make a run. If 4 seconds for elapsed time is ok, continue. If you want more time to collect data, select ‘Extend Collection, (6 s) and click ok. Repeat if you want even more time. When you make your first run, the data may not be seen. Click on the Auto Scan icon to see the graph. 
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Push the cart firmly along the track away from a motion sensor fastened to one end of the track.  Have your partner hold a weight and drop it onto the cart as it passes beneath their hand (Figure 1). Practice this several times until you have found the right initial velocity to give a sufficient velocity after the collision. Your partner will also need practice in dropping the weight so that it lands firmly and squarely on the loaded cart. It is only necessary to hold the weight a few centimeters above the loaded cart. Make sure the weight has no horizontal motion when it is dropped. Care will need to be taken so that the sound waves from the motion sensor bounce only off the cart. Make sure that your hand does not get between the motion sensor and the cart.
 Mass of cart      ___________ 
Initial Velocity ___________
 Mass of weight ___________ 
Final Velocity  ___________




     Time of interaction  ___________



Figure 1
Determine the constant speed just before and just after the weight was dropped. Click on the examine icon and move the cursor to find the best values. Also determine the time of the interaction. Be sure to print out each graph with selected information. Report the two masses and these velocities and the time of interaction to your instructor which he will enter into a computer spreadsheet. At this time obtain a copy of the student reporting sheet on which you will place your calculated answers. Also answer the four questions using correct sentence structure, spelling etc. Write only on the lines provided.
Compute the total momentum just before the interaction and the total momentum of the cart and weight just after the interaction. Also compute the change in momentum of the cart and the horizontal change in momentum of the dropped weight. Is momentum conserved in this interaction?

Determine the horizontal impulse applied to the falling weight?  Record the time of the interaction. Next, calculate the average horizontal force applied to the falling weight?  Also calculate the average horizontal force applied to the cart?

We have been focusing our attention on only the horizontal motions of cart and weight. At the beginning when the weight was dropped, as it increased in speed as it fell, its vertical momentum increased. What happened to this vertical momentum? Would it make any difference if the weight were dropped from different heights as long as you didn't break the cart or the table?

Each person is to make and analyze their own unique run. Be sure to save and print each graph.
What would happen if, instead of dropping the weight on the cart, you suspended a funnel full of sand (mass the same as the dropped weight above the table and let the sand ran into a box on the cart as it passes beneath the funnel?  What would happen to the velocity of the cart if, instead of letting the sand run into the cart, you let the sand run out of it?

If you have time, each make a run with one weight on the cart. Then make the same measurements and calculations as before.
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