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8.E: Potential Energy and Conservation of Energy (Exercises)

Conceptual Questions
1. The kinetic energy of a system must always be positive or zero. Explain whether this is true for the potential energy of a

system.
2. Describe the gravitational potential energy transfers and transformations for a javelin, starting from the point at which an

athlete picks up the javelin and ending when the javelin is stuck into the ground after being thrown.
3. A couple of soccer balls of equal mass are kicked off the ground at the same speed but at different angles. Soccer ball A is

kicked off at an angle slightly above the horizontal, whereas ball B is kicked slightly below the vertical. How do each of
the following compare for ball A and ball B? (a) The initial kinetic energy and (b) the change in gravitational potential
energy from the ground to the highest point? If the energy in part (a) differs from part (b), explain why there is a
difference between the two energies.

4. What is the dominant factor that affects the speed of an object that started from rest down a frictionless incline if the only
work done on the object is from gravitational forces?

5. What is the physical meaning of a non-conservative force?
6. A bottle rocket is shot straight up in the air with a speed 30 m/s. If the air resistance is ignored, the bottle would go up to

a height of approximately 46 m. However, the rocket goes up to only 35 m before returning to the ground. What
happened? Explain, giving only a qualitative response.

7. An external force acts on a particle during a trip from one point to another and back to that same point. This particle is
only effected by conservative forces. Does this particle’s kinetic energy and potential energy change as a result of this
trip?

8. A dropped ball bounces to one-half its original height. Discuss the energy transformations that take place.

9. In a common physics demonstration, a bowling ball is suspended from the ceiling by a rope. The professor pulls the ball
away from its equilibrium position and holds it adjacent to his nose, as shown below. He releases the ball so that it swings
directly away from him. Does he get struck by the ball on its return swing? What is he trying to show in this
demonstration?

10. A child jumps up and down on a bed, reaching a higher height after each bounce. Explain how the child can increase his
maximum gravitational potential energy with each bounce.

11. Neglecting air resistance, how much would I have to raise the vertical height if I wanted to double the impact speed of a
falling object?

Problems
12. A camera weighing 10 N falls from a small drone hovering 20 m overhead and enters free fall. What is the gravitational

potential energy change of the camera from the drone to the ground if you take a reference point of (a) the ground being
zero gravitational potential energy? (b) The drone being zero gravitational potential energy? What is the gravitational
potential energy of the camera (c) before it falls from the drone and (d) after the camera lands on the ground if the
reference point of zero gravitational potential energy is taken to be a second person looking out of a building 30 m from
the ground?

13. Someone drops a 50 − g pebble off of a docked cruise ship, 70.0 m from the water line. A person on a dock 3.0 m from
the water line holds out a net to catch the pebble. (a) What is the change in the gravitational potential energy during the
drop? If the gravitational potential energy is zero at the water line, what is the gravitational potential energy (b) when the
pebble is dropped? (c) When it reaches the net? What if the gravitational potential energy was 30.0 Joules at water level?
(d) Find the answers to the same questions in (b) and (c).

14. A cat’s crinkle ball toy of mass 15 g is thrown straight up with an initial speed of 3 m/s. Assume in this problem that air
drag is negligible. (a) What is the kinetic energy of the ball as it leaves the hand? (b) What is the change in the
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gravitational potential energy of the ball during the rise to its peak? (c) If the gravitational potential energy is taken to be
zero at the point where it leaves your hand, what is the gravitational potential energy when it reaches the maximum
height? (d) What if the gravitational potential energy is taken to be zero at the maximum height the ball reaches, what
would the gravitational potential energy be when it leaves the hand? (e) What is the maximum height the ball reaches?

15. A boy throws a ball of mass 0.25 kg straight upward with an initial speed of 20 m/s When the ball returns to the boy, its
speed is 17 m/s How much much work does air resistance do on the ball during its flight?

16. A mouse of mass 200 g falls 100 m down a vertical mine shaft and lands at the bottom with a speed of 8.0 m/s. During its
fall, how much work is done on the mouse by air resistance?

17. Using energy considerations and assuming negligible air resistance, show that a rock thrown from a bridge 20.0 m above
water with an initial speed of 15.0 m/s strikes the water with a speed of 24.8 m/s independent of the direction thrown.
(Hint: show that K  + U  = K  + U )

18. Ignoring details associated with friction, extra forces exerted by arm and leg muscles, and other factors, we can consider a
pole vault as the conversion of an athlete’s running kinetic energy to gravitational potential energy. If an athlete is to lift
his body 4.8 m during a vault, what speed must he have when he plants his pole?

19. Tarzan grabs a vine hanging vertically from a tall tree when he is running at 9.0 m/s. (a) How high can he swing upward?
(b) Does the length of the vine affect this height?

20. A baseball of mass 0.25 kg is hit at home plate with a speed of 40 m/s. When it lands in a seat in the left-field bleachers a
horizontal distance 120 m from home plate, it is moving at 30 m/s. If the ball lands 20 m above the spot where it was hit,
how much energy is lost to air resistance?

21. In the cartoon movie Pocahontas (https://openstaxcollege.org/l/21pocahontclip), Pocahontas runs to the edge of a cliff and
jumps off, showcasing the fun side of her personality. (a) If she is running at 3.0 m/s before jumping off the cliff and she
hits the water at the bottom of the cliff at 20.0 m/s, how high is the cliff? Assume negligible air drag in this cartoon. (b) If
she jumped off the same cliff from a standstill, how fast would she be falling right before she hit the water?

22. In the reality television show “Amazing Race” (https://openstaxcollege.org/l/21amazraceclip), a contestant is firing 12-kg
watermelons from a slingshot to hit targets down the field. The slingshot is pulled back 1.5 m and the watermelon is
considered to be at ground level. The launch point is 0.3 m from the ground and the targets are 10 m horizontally away.
Calculate the spring constant of the slingshot.

23. In the Hunger Games movie (https://openstaxcollege.org/l/21HungGamesclip), Katniss Everdeen fires a 0.0200-kg arrow
from ground level to pierce an apple up on a stage. The spring constant of the bow is 330 N/m and she pulls the arrow
back a distance of 0.55 m. The apple on the stage is 5.00 m higher than the launching point of the arrow. At what speed
does the arrow (a) leave the bow? (b) strike the apple?

24. (a) How high a hill can a car coast up (engines disengaged) if work done by friction is negligible and its initial speed is
110 km/h? (b) If, in actuality, a 750-kg car with an initial speed of 110 km/h is observed to coast up a hill to a height 22.0
m above its starting point, how much thermal energy was generated by friction? (c) What is the average force of friction
if the hill has a slope of 2.5° above the horizontal?

25. A T-shirt cannon launches a shirt at 5.00 m/s from a platform height of 3.00 m from ground level. How fast will the shirt
be traveling if it is caught by someone whose hands are (a) 1.00 m from ground level? (b) 4.00 m from ground level?
Neglect air drag.

26. Shown below is a small ball of mass m attached to a string of length a. A small peg is located a distance h below the point
where the string is supported. If the ball is released when the string is horizontal, show that h must be greater than 3a/5 if
the ball is to swing completely around the peg.

27. A skier starts from rest and slides downhill. What will be the speed of the skier if he drops by 20 meters in vertical
height? Ignore any air resistance (which will, in reality, be quite a lot), and any friction between the skis and the snow.

28. Repeat the preceding problem, but this time, suppose that the work done by air resistance cannot be ignored. Let the work
done by the air resistance when the skier goes from A to B along the given hilly path be −2000 J. The work done by air
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resistance is negative since the air resistance acts in the opposite direction to the displacement. Supposing the mass of the
skier is 50 kg, what is the speed of the skier at point B?

29. In an amusement park, a car rolls in a track as shown below. Find the speed of the car at A, B, and C. Note that the work
done by the rolling friction is zero since the displacement of the point at which the rolling friction acts on the tires is
momentarily at rest and therefore has a zero displacement.

30. How much energy is lost to a dissipative drag force if a 60-kg person falls at a constant speed for 15 meters?
31. Consider a meteor entering the Earth's atmosphere. Let us assume that the meteor has "fallen" from infinitely far away

until it reaches the Earth's atmosphere which we will arbitrarily call 100 km from the surface of the Earth. How fast is the
meteor going when it reaches this point? (Hint: Make sure you remember to consider the diameter of the Earth.)
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