
LAB 02-4:  Newton’s Third Law

Making Predictions: Answer the following questions by circling one of the choices.

1. Imagine that a small car is sitting at a stoplight when an identical car runs into the back of it.  In this situation,

a. the force that the moving car exerts on the still car is greater than the force that the still car exerts on the moving car.

b. the force that the moving car exerts on the still car is less than the force that the still car exerts on the moving car.

c. the force that the moving car exerts on the still car is equal to the force that the still car exerts on the moving car.

d. the moving car exerts a force on the still car, but the still car does not exert a force on the moving car.

e. the still car exerts a force on the moving car, but the moving car does not exert a force on the still car.



2. Now imagine that the small car is sitting at a stoplight when a large truck runs into the back of it.  In this situation,

a. the force that the truck exerts on the car is greater than the force that the car exerts on the truck.

b. the force that the truck exerts on the car is less than the force that the car exerts on the truck.

c. the force that the truck exerts on the car is equal to the force that the car exerts on the truck.

d. the truck exerts a force on the car, but the car does not exert a force on the truck.

e. the car exerts a force on the truck, but the truck does not exert a force on the car.



3. Now imagine that it is the large truck that is sitting still at the stoplight when the small car runs into the back of it.  In this situation,

a. the force that the truck exerts on the car is greater than the force that the car exerts on the truck.

b. the force that the truck exerts on the car is less than the force that the car exerts on the truck.

c. the force that the truck exerts on the car is equal to the force that the car exerts on the truck.

d. the truck exerts a force on the car, but the car does not exert a force on the truck.

e. the car exerts a force on the truck, but the truck does not exert a force on the car.


In this experiment, we are going to use force probes to study the interaction of two colliding cars. Whenever two objects exert forces on each other, we call the phenomenon an interaction. In this case, you will collide two cars under various conditions, such as different masses and different initial velocities, and measure the force by each car on the other.

Materials

• a track

• two cars with force sensors and hoop spring bumpers

• two magnets
• one 500 g metal block
Experimental Procedure

1. Go to our course web site, click the link to labs, and save the file 02-4-colliding-cars.cmbl to the your lab folder.


2. Set up a level track.


3. Plug the force sensors into channels 1 and 2 of the LabPro data acquisition (DAQ) interface.


4. Double-click the file 02-4-colliding-cars.cmbl to open it in Logger Pro.


5. You should see one graph with two quantities being plotted: Force on Car 1 and Force on Car 2, in units of newtons (N).  Click the collect button and gently press on the hoop springs.  Determine which car is Car 1 and which is Car 2 on the graph.


6. Set up the two cars so that they will approach each other on the track with their hoop springs colliding with each other.  The hoop springs are somewhat delicate, so be careful not to have the cars moving too fast when they collide.
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7. Place Car 1 at rest near the center of the track.


8. Click Zero to zero both force probes.


9. Click Collect and then push Car 2 so that it collides somewhat gently with Car 1.  When the two cars collide, the force by car 1 on car 2 is opposite the direction of the force by car 2 on car 1.  One of the forces is in the (+x) direction along the track and the other is in the (-x) direction.  Therefore, when the forces are graphed, one is above the time axis (+x) and the other will be below the time axis (-x).


10. Click this icon [image: image2.jpg]


 in the toolbar to get a cursor that you can move over data points on the graph. Move the cursor to the peak of the graph of each force to measure the maximum value of Force 1 and Force 2.  Record your results below.

Peak Force that Car 1 exerted on Car 2: __________________ N

Peak Force that Car 2 exerted on Car 1: ___________________ N


11. The impulse on a car is the area under the curve of F vs. t. Click this icon [image: image3.jpg]


 and highlight the area under the curve for the Force on Car 1. Measure and record the area under the curve. Also, measure the time interval of the collision. The area under the curve is the impulse on Car 1. Use the same procedure to measure the area under the curve for Car 2 and the time interval during which the force acts on Car 2.

Impulse on Car 1: __________________ N s

Dt = _____________ s


Impulse on Car 2: __________________ N s 
Dt = _____________ s


12. According to The Momentum Principle, what is the change in momentum of each car due to the collision?


Change in momentum of Car 1: __________________ kg m/s


Change in momentum of Car 2: __________________ kg m/s


13. Now, let’s try a different situation.  Place Car 2 at rest, and move Car 1 so that it gently collides with Car 2. Again, note the results.

Peak Force that Car 1 exerted on Car 2: __________________ Newtons

Peak Force that Car 2 exerted on Car 1: ___________________ Newtons




14. Now, push both cars toward each other so that they are both moving when they collide. (Note: do this gently so as not to break the force sensors or knock the cars off the track.)  Record the results below.

Peak Force that Car 1 exerted on Car 2: __________________ Newtons

Peak Force that Car 2 exerted on Car 1: ___________________ Newtons




15. Now, add the 500 g metal block to Car 1. This effectively doubles the mass of the car.  Repeat your experiments, gently colliding the cars under various conditions.  Record your measurements in each case below.



16. Car 2 (light car) is at rest and Car 1 (heavy car) gently collides with it.

Peak Force that Car 1 exerted on Car 2: __________________ Newtons

Peak Force that Car 2 exerted on Car 1: ___________________ Newtons




17. Car 1 (heavy car) is at rest and Car 2 (light car) gently collides with it.

Peak Force that Car 1 exerted on Car 2: __________________ Newtons

Peak Force that Car 2 exerted on Car 1: ___________________ Newtons



18. Car 1 (heavy car) and Car 2 (light car) are moving toward each other and gently collide.

Peak Force that Car 1 exerted on Car 2: __________________ Newtons

Peak Force that Car 2 exerted on Car 1: ___________________ Newtons




19. Examine the data for the forces acting on the two cars for all the various collisions you studied. In each case, how does the force on Car 1 by Car 2 compare with the force on Car 2 by Car 1?




Did this depend on whether the cars were moving or not when they collided or whether they had different masses or not?



20. What you have discovered is known as Newton’s Third Law of motion.  It is typically worded as, “every action has an equal and opposite reaction.”  Rewrite Newton’s Third Law in your own words and use the more modern word “force” rather than “action.”  Your statement should start with something like, “When two objects interact with each other…”











21. Would you now change the answers to any of the predictions you made at the beginning of Part 4?  If so, tell which ones and explain the difference between your thinking then and your thinking now.






