Worksheet: Newton’s 3rd Law and Free Body Diagrams
Part I: Free Body Diagrams

Time: 25

Motion of the Block
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An 8-kg block is pushed across the floor at a constant speed.
1.Sketch a possible free-body diagram for the block:

2.What is the acceleration of the block?
(Reminder: a=Av/At)
How do you know?

3. Therefore, the net force (sum of all the forces) in the x-direction =
(Reminder: Net F = ma or £F=ma)
4. Similarly, the net force (sum of all the forces) in the y-direction =

5. Consider the forces in the x-direction (horizontal forces). Consider each of the four
possible free-body diagrams below (each diagram is above the block). The length of the
vector represents the magnitude of the force.
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Only one is a possible free-body diagram. For each one, indicate why it is or is not a

possible force diagram:

Horizontal components:

Possible force Reason:
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6. Vertical components:
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7. Based on this, sketch a complete free-body diagram below:

8. Explain any differences with your original sketch.




Consider the free-body diagram below:

Time:

a'I'he Complete Free-Body Diagram

9. Does it agree with your sketch above? If not, explain why this one (and not your
drawing) shows the correct free-body diagram.

Note that in this case, there is a frictional force, but the form of the frictional force will be
addressed later in this course.

Part II: Newton’s 3" Law
This exercise shows graphs of position, velocity and acceleration versus time for a 12-N

force pushing a 2-kg red block in contact with a 1-kg green block on a frictionless
surface.

Time: 3.2
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1. What is the acceleration of the red block?
2. What is the acceleration of the green block?

3. Sketch a free-body diagram for the two blocks (assuming that they together make one
3-kg mass system). Indicate the values for each of the forces in your diagram:



4. List your forces and determine whether they are long range or contact forces.

5. Sketch a free-body diagram for each block individually (again, show explicitly the
values of each of the forces in your diagram):

6. List your forces and determine whether they are long range or contact forces.

7. How does this diagram differ (if at all) from the one you drew previously?

8. Use Newton’s 2™ Law to solve for the value of the contact force on the 1-kg (green)
block.

9. Which pair of forces is an action/reaction pair? Do they cancel out? Why or why not?

10. Specifically, what is the value of the contact forces between the two blocks:
Force of the green block on the red block =
Force of the red block on the green block =

11. Checking your answers:

For the green block (1-kg) to have an acceleration of 4 m/ s%, what must the horizontal
force be on the green block? Note that this comes from the red block
pushing on the green block.



For the red block (2-kg) to have an acceleration of 4m/s”, what must the net force (sum of
all the forces) be on it? Since it has 12-N to the right, what must the force to the
left be? It should be equal and opposite (Newton’s 31 Law) for the force that the
red block exerts on the green block. Is it?

Part III: Free Body Diagrams and Newton’s 3" Law
A red block is pushed and moves at a constant speed. In addition, a green block sits on
the red block and moves with it.

Time: 38 Wotion of the Blocks

1. What is the acceleration of the two blocks? How do you know?

2. Consider the following four free-body diagrams. Which free-body diagram is correct?
Give reasons why the other three are incorrect:
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Correct free-body | Reason:
diagram?
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2. How would your answers to (1) change if the blocks did not move?




