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Investigation:  Newton’s second law

Motion changes through the action of forces.  The changes occur through acceleration because acceleration is a direct consequence of a non-zero net force.  Models of motion start by using the known forces to calculate the acceleration.  Acceleration is used to determine changes in velocity, which are used to determine changes in position.
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Part 1:  Modeling the action of a force

1. The interactive model of Newton's second law shows position and velocity versus time graphs. Red circles on the position vs. time graph are “targets.”  Adjust the initial parameters—initial velocity v0, force F, and mass m—so the curves hit both targets.
2. [SIM] starts the simulation.  [Stop] stops it without changing values.  [Clear] resets all variables to zero.  
3. Enter values in the white boxes.  A score of 100 is achieved by hitting the center of each target.
4. Try another problem:  Press [Reset] to reset all variables and set new targets.

Questions

a. Compare how 1 N of force affects the motion of a 5 kg ErgoBot versus a 0.2 kg ErgoBot.

answer:  The 0.2 kg ErgoBot will have a much great (x25) acceleration.

b. Describe the connection between force and acceleration.

answer:  Force and acceleration are directly proportional.  Increasing the force will increase the acceleration by the same factor.

c. If you double both the force and mass, then how are the resulting position and velocity graphs affected?  Why?

answer:  The graphs do not change!  Since both the force and mass are doubled, the acceleration remains the same.  The graph shapes depend on x0 and v0 and a.   
Questions d–e:  Sketch solution graphs with the described characteristics.  You may have to reset a few times to get targets that allow each type of solution.

d. [image: Public:EssentialPhysics:Multimedia:SB:5:Lessons:4_NewtonsSecondLaw:Artwork:AssignmentGraph.tif]Negative initial velocity 
and positive force.
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e. [image: Public:EssentialPhysics:Multimedia:SB:5:Lessons:4_NewtonsSecondLaw:Artwork:AssignmentGraph.tif]Positive initial velocity 
and negative force.
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Questions f–g:  Use the simulation as a graphing tool to create position vs. time solution graphs with the described characteristics.   Sketch the shape of these graphs.

f. [image: Public:EssentialPhysics:Multimedia:SB:5:Lessons:4_NewtonsSecondLaw:Artwork:AssignmentGraph.tif]Negative initial velocity 
and negative force.
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g. [image: Public:EssentialPhysics:Multimedia:SB:5:Lessons:4_NewtonsSecondLaw:Artwork:AssignmentGraph.tif]Positive initial velocity 
and positive force.
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Part 2:  Dynamic modeling

1. The second model allows you to set the force for four different time intervals, each 2.5 s long.
2. In this model, unlike the first, you can set the starting position (x0) in addition to the initial velocity, mass, and four periods of force.
3. Try to hit the centers of the four red target circles.
4. [Run] your solution on the ErgoBot.
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Questions

a. Which section(s) of the graphs are curved and which are linear?  Why?




b. If the ErgoBot's mass is doubled, then how is the displacement affected?





Applying new knowledge

1. Translate the equation a = F/m  into an English sentence with the same meaning. 

Answers will vary slightly.  Possible answer:  The acceleration of an object equals the net force acting on an object, divided by its mass. 


2. A net force of 500 N acts on a 100 kg cart.  
a. What is the acceleration?                 				                           answer:  5.00 m/s2
b. What is the acceleration of the cart if the mass is doubled?                             answer:  2.50 m/s2
c. What is the acceleration of the cart if instead the force is doubled?                answer:  10.0 m/s2   
3. A certain motor can produce a force of 70 N on a model plane.  If the required acceleration is 
30 m/s2, then what is the maximum mass the plane can have?
 
                                                                                         answer:  m = F/a = 70 N/30 m/s2  = 2.33 kg

4. [image: ]A car has a mass of 2,000 kg.  How much force is required to stop the car in 4.0 seconds from a speed of 20 m/s?
[image: ]
                answer:  


5. [image: ]What is the acceleration of a 100 kg object that experiences a net force of -10 N?

                answer:  


6. How much force is required to accelerate a 0.10-gram mosquito at 20 m/s2?
[image: ]
                answer:  


7. [image: Public:EssentialPhysics:Multimedia:SB:5:Lessons:4_NewtonsSecondLaw:Artwork:AssignmentQuestion7.tif]The position vs. time graph below corresponds to motion with which of the following characteristics?






A. Positive initial velocity and positive force.
B. Positive initial velocity and negative force.
C. Negative initial velocity and positive force.
D. Negative initial velocity and negative force.

8. A 1400 kg car accelerates from rest to 30 m/s in 6.0 seconds.  What is the net force on the car?
[image: ][image: ]
                answer:  


9. A net force of 10 N acts upon a 1.0 kg cart on a straight track.  Label each statement below as true, possibly true, or false.
a. The cart moves with a constant velocity.              false
b. The cart moves with a constant acceleration.        true
c. The cart speeds up.                                                possibly true
d. The cart slows down.                                             possibly true
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