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SC 117

Newton’s Laws Discussion Questions

Directions

Your group should come to a consensus answer.  Write your answer on a separate sheet of paper.  Check your answer with the instructor before moving on to the next question.  Make sure you take turns explaining your consensus answer to the instructor.  Also make sure that you explain your answer in terms of Newton’s Laws.

First Law

1.
What kind of path would the moon follow if suddenly no force acted on it?  What kind of force is acting upon it to keep it in its orbit?

2.
When your car moves along the highway at constant velocity, the net force on it is zero.  Why then do you continue running the engine?

Second Law

3.
Why is it more difficult to slide a crate from a position of rest across the floor than it is to keep it in motion once it is sliding?

4.
If you push horizontally with a force of 50N on a crate and make it slide at constant velocity, how much friction acts on the crate?  If you increase your force, will the crate accelerate?  Explain why.

Third Law

5.
What are the pairs of forces that act in the following situations?


a.  a pitcher throws a fastball


b.  an apple falls to the ground


c.  the moon orbits the Earth


d.  a pencil rests on your desk

6.
If the forces that act on a bullet and the recoiling gun from which it is fired are equal in magnitude, why do the bullet and gun have very different accelerations?

Directions

In answering the following questions, state which laws are applicable and why.

7.
You are driving a car down a straight road at 55 mph.

a. Are there any forces acting on the car?  If so, list them.

b. Is there net, unbalanced force acting on the car?  Explain.

c. If the car started to go around a long bend, still maintaining its constant speed of 55 mph, is there a net force acting on the car?  Explain.

d. Which of Newton's laws applies in a), b), and c)?

8.
A mosquito hovering at rest above a riverside road is instantly hit by a fast-moving Volkswagon “Beetle” moving at 60 mph.

a. Which bug (insect or VW) experiences the largest force?  Why?

b. Which bug encountered the greatest acceleration?


c.  Which of Newton's Laws applies in this scenario?

9.
Your hand is not hurt when it bangs lightly against a wall.  Why does it hurt if it does so while carrying a heavy load?  Which one (or two) of Newton’s Laws applies here?  Explain how the law(s) apply.

10.
Because the Earth rotates once every 24 hours, the west wall of your room moves in a direction toward you at a linear speed that is more than 1000 
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.  When you stand facing the wall, you are carried along at the same speed, so you don’t notice it.  But when you jump upward, with your feet no longer in contact with the floor, the wall does not crash into you.  Why not?  Why do you fall back to the same spot from which you jumped?  Which of Newton's Laws applies?

11.
You are riding in a car (someone else is driving), and you are holding a pencil in one hand.  You raise the pencil above your lap, put your other hand directly below it, and drop the pencil.

a. Where will the pencil land if the car is traveling at 30 mph?

b. Where will it land if the car is traveling at 60 mph?

c. Where will it land if the driver makes a sharp left turn just as you drop the pencil?

d. Where will it land if the driver hits the brakes as you drop the pencil?

e. Which of Newton's Laws applies to this situation?

12.
The chimney of a stationary toy train consists of a vertical spring that shoots a steel ball a meter or so into the air, so straight that the ball always falls back into the chimney.

a. Suppose the train is no longer stationary but is moving at a constant speed on a straight track.  Will the ball return to the chimney if it is shot from the train?  Why or why not?

b. Suppose the train is speeding up on a straight track. Will the ball return to the chimney if it is shot from the train?  Why or why not?

c. Suppose the train is slowing down on a straight track.  If the ball is shot from the train, will it fall back into the chimney, in front of the chimney, or behind the chimney?  Why?


d.  Suppose the train moves at a constant speed on a circular track.  Will the ball fall back into the chimney, inside of the track, or outside of the track?  Why?

Answers

7.
a.  Friction, gravity, engine running.

b.  As described in 2, at constant speed, forces are balanced.

c.  Constant speed does not mean constant velocity, changing velocity means changing acceleration, so a force is created, which must be overcome by turning the wheel

8.
a.  According to Newton's third law, forces are equal and opposite; this seems like a trick question.

b.  The car would have a very small negative acceleration, while the insect would have an enormous positive acceleration, due to their different masses; the acceleration of the insect is sufficient to kill it.


c.  Newton's third law, then the second law relating mass and acceleration.

9.
The smaller mass of your hand creates less force with the same acceleration; the greater 

mass of the hammer creates a larger force; the reacting force (3rd law) is equal and opposite, compressing your hand to a greater degree in the second case

10.

A thorough discussion of the first law is expected here; connect earthly objects and our atmosphere, all in motion

11.
a.  Directly into the hand below.


b.  Same answer, speed is not a factor if direction is maintained.

c.  By changing direction, the driver changes velocity, thus accelerating the car; the pencil will land to the right as the car turns left.

d.  By changing speed, the driver again changes velocity, creating a negative acceleration of the car; the pencil will land in front of you (on the floor mat).

e.  First law; students might consider the importance of the second law in recognizing the role of acceleration, although the mass of the pencil is irrelevant.

12 
a.  yes, the ball is also moving at the constant speed in the same direction, and the up and down movement is totally independent of the horizontal velocity.  As long as the train is not accelerating (changing speed or direction) while the ball is in the air, both the train and the ball are moving in the same direction at the same horizontal speed.


b.  No.  The train will be accelerating, but the ball while it is in the air will not have the same horizontal force acting to accelerate it as the train, so it will continue moving at the same horizontal speed and direction it had when it was shot from the train.  if the train speeds up while the ball is in the air, the ball will not accelerate with the train, and it will fall behind the chimney instead of into it.


c.  If the train continues to slow down (deccelerate) while the ball is in the air, the ball will not be deccelerating with the train, so it will continue moving at the same horizontal speed and direction it had when it was shot from the train.   Because the train is slowing while the ball is not, the ball will land in front of the train.


d.  When the ball is launched, it will travel in a straight line horizontally in the direction it was moving when it was launched, and at the same horizontal speed it was moving when it was launched.  But while it is in the air, the train will be accelerating (changing direction), so the ball will not land in the chimney.  Because the train curves toward the center of the circle, the ball will land outside the circle.

1
a straight line; see figure 3.11 on p. 57

2
net force is maintained by overcoming the force of friction operating within the engine and between the car and the roadway as well as the force of air resistance

3
to get the crate moving, the pusher must overcome the force of friction with the floor and accelerate the crate; once it is moving, she need only maintain the overcoming of friction (neglect additional explanation of moving and static friction)

4
constant force is used to overcome friction, so your force should equal the force of friction (50N); friction will not increase nor will the mass of the crate, so if you increase your force, yes, it should accelerate

5
a
force of arm (acceleration of large mass) : force of ball (acceleration of small mass)


b
force of apple (acceleration of small mass) : gravity (acceleration of almost infinitely more massive earth)


c
force of moon (acceleration of enormous mass) : force of earth (acceleration of even larger mass)


d
neither mass is accelerating; forces are equal

6
bullet and gun have very different mass
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