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Question TitleQuestion TitleEnergy Problems I

An 8 kg block is launched from point A to point B over a rough 
surface. As the block passes point B, it has slowed down to a 
velocity of 4.0 m/s and it has generated 36 J of heat energy. What 
was the kinetic energy when it was launched from point A?

A. 36 J
B. 136 J
C. 100 J
D. 64 J



Question TitleQuestion TitleSolution

Answer: C

Justification: Note that the focus of this problem is based on the 
transformation and conservation of mechanical energy. At point B, the 
speed (𝑣𝑣 = 4 𝑚𝑚/𝑠𝑠) and mass (𝑚𝑚 = 8 𝑘𝑘𝑘𝑘) of the box can be used to find 
the kinetic energy, 𝐾𝐾𝐾𝐾𝐵𝐵. So, 𝐾𝐾𝐾𝐾𝐵𝐵 = 1

2
𝑚𝑚 𝑣𝑣2 = 1

2
× 8 × 42 = 64 𝐽𝐽.

The total energy, 𝑇𝑇𝐾𝐾𝐵𝐵, of the system at B is given by the kinetic energy 
and the heat energy, 𝐻𝐻𝐾𝐾𝐵𝐵, and so 𝑇𝑇𝐾𝐾𝐵𝐵 = 𝐾𝐾𝐾𝐾𝐵𝐵 + 𝐻𝐻𝐾𝐾𝐵𝐵 = 64 𝐽𝐽 + 36 𝐽𝐽 =
100 𝐽𝐽.

Moving from point A to point B, there is no loss or gain of mechanical 
energy, but only a transformation from kinetic energy to heat energy. 
Thus the total energy at point A, 𝑇𝑇𝐾𝐾𝐴𝐴, must equal the total energy at 
point B. This implies that 𝑇𝑇𝐾𝐾𝐴𝐴 = 𝑇𝑇𝐾𝐾𝐵𝐵 = 100 𝐽𝐽. Therefore, the correct 
answer is C.



Question TitleQuestion TitleEnergy Problems II

An orange with mass " 𝑚𝑚 " and radius " 𝑟𝑟 " hangs from a tree at 
height " ℎ ". A time later, the orange has grown to a radius of 2𝑟𝑟. If 
we assume that the orange has uniform and constant density, by 
how much has the potential energy of the orange increased over 
this time?

A. The potential energy has increased by a factor of 2.
B. The potential energy has increased by a factor of 4.
C. The potential energy has increased by a factor of 6.
D. The potential energy has increased by a factor of 8.
E. The potential energy has increased by a factor of 10.



Question TitleQuestion TitleSolution

Answer: D

Justification: The potential energy of the orange near the surface of 
the earth is given by 𝐾𝐾𝑝𝑝 = 𝑚𝑚 𝑘𝑘 ℎ.

Within reason, we will make three assumptions.

1. Acceleration due to gravity, 𝑘𝑘, is constant.

2. The height of the orange, ℎ, does not change.

3. The orange is roughly spherical.

Since we have assumed that the density is uniform and constant (𝜌𝜌 =
𝑚𝑚
𝑉𝑉

), we know that the mass and volume (𝑉𝑉) of the orange are 
proportional (𝑚𝑚 ∝ 𝑉𝑉). And also, the volume (𝑉𝑉 = 4

3
𝜋𝜋 𝑟𝑟3) of the 

spherical orange is proportional to the cube of its radius (𝑉𝑉 ∝ 𝑟𝑟3).



Question TitleQuestion TitleSolution continued

Answer: D

Thus, when the radius of the orange increases  by a factor of 2, the 
volume increases by a factor of 23 = 8, because (𝑉𝑉 ∝ 𝑟𝑟3). This also 
implies that the mass increases by a factor of 8, because (𝑚𝑚 ∝ 𝑉𝑉).

Hence, the orange's potential energy increases by a factor of 8, 
because (𝐾𝐾𝑃𝑃 ∝ 𝑚𝑚).

Therefore, the correct answer is D.



Question TitleQuestion TitleEnergy Problems III

Fast Guy and Slow Guy have roughly the same mass. Fast Guy 
walks up a flight of stairs in time "t". Slow Guy walks up the same 
flight of stairs in time "4t“ (i.e. Slow Guy is 4 times slower than Fast 
Guy.) What is the difference in the amount of work done by Fast 
Guy and Slow Guy after they finish climbing the stairs?

A. Fast Guy does about 4 times as much work as Slow Guy.
B. Fast Guy does about 2 times as much work as Slow Guy.
C. Fast Guy does about the same amount of work as Slow Guy.
D. Slow Guy does about 2 times as much work as Fast Guy.
E. Slow Guy does about 4 times as much work as Fast Guy.



Question TitleQuestion TitleSolution

Answer: C

Justification: Remember that gravity exerts a constant downward 
force on every object. For instance, if an object is displaced upwards 
(or downwards), then the work done, 𝑊𝑊, on the object is given by 
𝑊𝑊 = 𝑚𝑚 𝑘𝑘 ∆𝑦𝑦, where 𝑚𝑚 is the mass of the object, 𝑘𝑘 is the acceleration 
due to gravity, and ∆𝑦𝑦 is the change in height. Here, it is important to 
notice that the amount of work done depends only on the the vertical 
movement of an object.

Furthermore, we should also note that the amount of work done does 
not depend on the time. Since Fast Guy and Slow Guy have roughly 
the same mass and climb the same flight of stairs, regardless of the 
time taken to climb the stairs, both people do roughly the same 
amount of work to climb the stairs. Thus, C is the correct answer.



Question TitleQuestion TitleEnergy Problems IV

An object of mass "𝑚𝑚" is dropped and it falls to the ground. As it 
falls, what can be said about its kinetic and potential energies?

A. Its kinetic energy increases while its potential energy decreases.
B. Its kinetic energy decreases while its potential energy increases.
C. Both its kinetic and potential energies increase.
D. Both its kinetic and potential energies decrease.



Question TitleQuestion TitleSolution

Answer: A

Justification: The kinetic energy, 𝐾𝐾𝐾𝐾 = 1
2
𝑚𝑚 𝑣𝑣2, of an object is the 

energy it possesses  due to its motion, where 𝑚𝑚 is the mass and 𝑣𝑣 is 
the velocity of the object. As the object falls to the ground, it 
accelerates downward due to gravity. The resulting increase in its 
velocity leads to an increase in its kinetic energy (𝐾𝐾𝐾𝐾 ∝ 𝑣𝑣2).

The potential energy, 𝐾𝐾𝑃𝑃 = 𝑚𝑚 𝑘𝑘 ℎ, is the energy possessed by an 
object in a given position relative to a reference position, where 𝑚𝑚 is 
the mass of the object, 𝑘𝑘 is the acceleration due to gravity, and ℎ is 
the height of the object. As the object falls to the ground, the height 
decreases relative to the ground. The resulting decrease in the height 
of the object leads to a decrease in its potential energy (𝐾𝐾𝑃𝑃 ∝ ℎ).

Thus, A is the correct answer.



Question TitleQuestion TitleSolution continued



Question TitleQuestion TitleEnergy Problems V

A ball is thrown at a wall and bounces back with an equal speed. 
Which of the following are true?

A. The kinetic energy of the ball is the same before and after 
the collision.

B. The momentum of the ball is the same before and after the 
collision.

C. Both A and B.
D. None of the above.



Question TitleQuestion TitleSolution

Answer: A

Justification: Note that the velocity of the ball changes, however its 
magnitude (speed)  remains constant before and after the collision 
against the wall. Recall that the kinetic energy of an object is a scalar 
quantity. In this case, the kinetic energy of the ball remains constant 
before and after the collision.

Momentum of an object is a vector quantity, which depends on the 
direction of the motion. As the direction of velocity changes, the 
momentum’s direction changes. In this case, as the direction of the 
velocity of the ball changes after the collision, the momentum of the 
ball changes direction as well. 

Thus, A is the correct answer.



Question TitleQuestion TitleEnergy Problems VI

An object with mass "𝑚𝑚" is initially moving at a velocity of 10 m/s 
(𝑣𝑣𝑖𝑖 = 10 𝑚𝑚/𝑠𝑠). In order to double this object's kinetic energy, what 
must its final velocity be (𝑣𝑣𝑓𝑓)?

A. 7 m/s
B. 10 m/s
C. 14 m/s
D. 16 m/s
E. 20 m/s



Question TitleQuestion TitleSolution

Answer: C

Justification: Remember, kinetic energy is the energy of motion and 
it depends on the mass (𝑚𝑚) and speed (𝑣𝑣) of the object. The kinetic 
energy of an object is given by 𝐾𝐾𝐾𝐾 = 1

2
𝑚𝑚𝑣𝑣2.

Here, we are given that the final kinetic energy, 𝐾𝐾𝐾𝐾𝑓𝑓, of the object is 
double its initial kinetic energy, 𝐾𝐾𝐾𝐾𝑖𝑖. That is, 𝐾𝐾𝐾𝐾𝑓𝑓 = 2𝐾𝐾𝐾𝐾𝑖𝑖. So, 𝐾𝐾𝐾𝐾𝑓𝑓 =
1
2
𝑚𝑚 𝑣𝑣𝑓𝑓2 = 2 × 1

2
𝑚𝑚 𝑣𝑣𝑖𝑖2 . This simplifies to 𝑣𝑣𝑓𝑓2 = 2𝑣𝑣𝑖𝑖2 , which leads to 

𝑣𝑣𝑓𝑓 = 2 𝑣𝑣𝑖𝑖 = 2 × 10 ≅ 14 𝑚𝑚/𝑠𝑠.

Thus, C is the correct answer.
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