
1. A billiard ball with a mass of m is dropped from a second-story window.  As it falls, calculate 

the forces.  Draw the free body diagram and label the forces with their origins and values. 

 

2. The billiard ball of mass m then sits at rest on the ground.  Calculate the forces.  Draw the free 

body diagram and label the forces with their origins and values. 

 

3. A curious child walks-by and steps on the billiard ball of mass m, pushing down with a force 

of magnitude FC.  Calculate the forces.  Draw the free body diagram and label the forces with 

their origins and values. 

 

4. A 100kg wrecking ball is tied to a steel cable and undergoes the following motion.  Graph 

acceleration versus time and position versus time.  For each stage of motion, calculate the forces.  

Draw a free body diagram for the wrecking ball and label the forces with their origins and 

values. 

 

 
 

5. Write the general equation for the force of tension applied to the wrecking ball based upon m 

and a. 

 

6. An ice block of mass m sits on a warehouse floor. 

 

- Calculate the forces.  Draw the free body diagram and label the forces with their origins and 

values. 

 

- Imagine the block composed of a top and bottom half.  Calculate the forces.  Draw the free 

body diagram for each and label the forces with their origins and values. 

 

 

 

 

 



 

7. The grammar of Newton’s third law: Keep the verb and force magnitude the same, make the 

direction applied opposite.  Switch the subject and direct object. 

 

a. You push a lawnmower forward with a force of 50N. 

b. To start a sprint, you push back on the starting blocks with a force of -1000N. 

c. In colliding, a baseball bat pushes forward on the ball with a force of 12000N. 

d. A swimmer pushes backwards on the water with a force of -50N. 

 

In combination with Newton’s second law, F = ma. 

 

e. A tennis racket applies a force of 300N forward on a tennis ball.   

f. The tennis ball accelerates forwards. 

g. You pull backward on the door knob of a heavy door with a force of -30N.   

h. The door accelerates backwards. 

i. The Earth pulls down on a falling apple with a force of -0.5N. 

j. The apple accelerates downward. 

 

8. In an elevator, a package of mass 2m sits on a crate with a mass of 6m.  The elevator: 

 

a. Rises and coasts 

b. Rises and speeds-up with an acceleration a. 

 

For each stage, complete a dynamics box for the package and for the crate.  For each stage of 

motion, draw a free body diagram for the package and crate, labeling forces with their origins 

and values. 

 

9. A weightlifter with a mass of 10m lifts a barbell of 8m upwards with an acceleration of a.  

Complete a dynamics box for each.  Draw a free body diagram for the barbell and weightlifter, 

labeling forces with their origins and values. 

 

10. A child with a mass of m stands of a bench with a mass of 4m.  The child jumps upwards 

with acceleration g, rises, peaks, falls, and lands back on the bench with an acceleration of 2g. 

   

- Make graphs of acceleration, velocity, and position vs. time. 

 

- For each stage of motion, calculate the forces.  Draw a free body diagram for the child and 

bench, labeling forces with their origins and values. 

 

11. A person pushes a cart (which begins at rest) with a mass of 4m to the right with an 

acceleration a for five seconds.  Then they let go and stand still for five seconds. 

 

- For both stages of motion, calculate the forces on the cart.  Draw a free-body-diagram, labeling 

forces with their origins and values. 

 

- Graph acceleration, velocity, and position vs. time for the cart 



 

 

12. A person pushes a crate with a mass of 4m to the right at a constant speed because of a 

friction force of magnitude, f.  Then they let go and stand still for five seconds. 

 

- For both stages of motion, calculate the forces on the crate.  Draw a free body diagram for the 

crate, labeling forces with their origins and values. 

 

- Graph velocity and position vs. time for the crate 

 

13. A block of mass m is pulled along the ground by a cord with a tension T at an angle θ above 

the horizontal.  There is a force of friction opposing the sliding with magnitude, f. 

 

- Calculate the forces.  Draw a free body diagram for the block, labeling forces with their origins 

and values. 

 

14. A cart of mass m is tied to a cart of mass 3m which is pulled right by a cord with tension T. 

 

- Calculate the forces on the system. Draw a free body diagram for the system, labeling forces 

with their origins and values. 

 

- Calculate the forces on each cart. Draw a free body diagram for the system, labeling forces with 

their origins and values. 

 

15. A fork-lift with mass 10m (which begins at rest) moves right at an acceleration ax and carries 

a crate with mass m which it is lifting with acceleration ay. 

 

- Calculate the forces on the crate and fork-lift.  Draw a free body diagram for each labeling all 

forces with their origins and values. 

 

- Draw a motion map for the crate. 


