Physics

Step-by-step directions for Rubber Band Car Force Problems
Part I: Speeding up
1. Calculate average velocity during the acceleration phase (v = d/t)

2. Find the maximum velocity by multiplying the average velocity (from #1) by 2.  This is the final velocity for the acceleration phase.  It is also the starting velocity for the deceleration phase.

3. Acceleration is change in velocity / change in time.  During the acceleration phase, the change in velocity is the maximum velocity.  So, to find the acceleration during the acceleration phase, divide the maximum velocity by the acceleration time (the number of seconds over which the car accelerates).  Fill in this acceleration on the “acceleration phase” diagram.
4. To find the Net Force for the acceleration phase, use F=ma.  Multiply the car’s mass by its acceleration during the acceleration phase.  Your answer should be in Newtons.  Use this force to label the net force arrow in the acceleration phase diagram.  Label it “net force” and give its magnitude in Newtons.
Part I:  Slowing Down
5. Now find the car’s change in velocity during the deceleration phase.  The car begins this phase at its maximum velocity (from #2, above).  At the end of this phase, the car has stopped.  So the change in velocity is zero minus the maximum velocity.  In other words, the change in velocity is the maximum velocity turned into a negative.

6. Calculate the car’s acceleration during the deceleration phase, using a = change in velocity / change in time.  The change in velocity comes from #5.  The change in time is the number of “extra” seconds it takes the car to roll to a stop.  Fill in this acceleration on the “deceleration phase” diagram.
7. To find the Net Force for the deceleration phase, use F=ma.  Multiply the car’s mass by its acceleration during the deceleration phase (from #6).  Your answer should be in Newtons.  Use this force to label the net force arrow in the deceleration phase diagram.  Label it “net force” and give its magnitude in Newtons.
8. During the deceleration phase, the only force acting on the car is friction, so label the other force arrow “friction,” and give it the same magnitude as the net force.
Part III:  Motor force

9. Friction is acting during both the deceleration and acceleration phases.  Copy the force of friction from #8 and transfer it to the “acceleration phase” diagram.  

10. Now your acceleration phase diagram shows the force of friction and the net force.  The net force is pointing forward, which means that the missing force (the motor force) must be stronger than friction.  The magnitude (number of Newtons) of the net force tells you how much stronger the motor is, compared to friction.  Use logic and simple math to determine the motor’s force.  Fill in its magnitude in Newtons and label it “motor force.”
