Introduction
Some of the most powerful tools in physics are based on conservation principles. The idea behind a conservation
principle is that there are some properties of systems that don’t change, even though other things about the system may.
For instance, let’s say that I have a package of candy that contains exactly 50 pieces. If I take those pieces of candy out
of the package and put them on top of a table, I still have 50 pieces. If I lay them end-to-end or arrange them into a
rectangle, I still have 50 pieces. No matter how many different ways I arrange them; I still have 50 pieces. They may
look different in each case, but the total number stays the same. In this example, I could say that the number of pieces
of candy is conserved.

Energy is another example of a conserved property of a system. It’s hard to come up with a meaningful definition of
energy. It’s a basic property of the universe (like time and space) so it’s very hard to define. It’s a lot easier to visualize
a piece of candy than a piece of energy. However, it is possible to mathematically describe the various forms of energy.
Having done that, it has been consistently proven true that if you add up all the types and amounts of energy within a
closed system the total amount of energy does not change.
To work with this definition it’s important to understand the idea of a closed system. It is true that I could change the
number of pieces of candy on the table by eating some of them, dropping a piece on the floor or opening another
package and spilling some of that new candy onto the table. We have to account for any candy that’s been added to or
taken away from the amount that we started with or we’ll see that the number has changed and our conservation
principle will seem to have been violated.
The same thing is true for energy. The amount of energy in a closed system stays constant. But this means that if we
add or take away energy from a system, we have to account for it. Unless we do that successfully, it will appear that the
Conservation of Energy principle has been violated. One way that we can move energy into or out of a system is called
Work. Work has a very specific mathematical definition in physics and it represents the movement of mechanical
energy into or out of a system. If work is the only means to move energy into or out of our system than it will be true
that
Initial Amount of Energy + Work = Final Amount of Energy
Or
E0 + W = Ef
The forms that energy takes can vary quite widely. Some of these forms include gravitational, electrical, chemical,
kinetic, magnetic, elastic and nuclear. These are just some of the forms that energy may take, but there are many more.
In this chapter, we’ll be discussing several mechanical forms of energy, kinetic energy, gravitational potential energy
and elastic potential energy, along with the concept of work.
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Work
Work is defined as the product of the force applied to an object and the distance that the object moves in the direction
of that force. The mathematical description of that definition is:
Work = Force x Distance parallel
Or
W = Fd parallel
It is important to note that work is proportional to the product of the force and the distance that the object moves
parallel to that force. That means that if the object moves in the direction that I am pushing or pulling it, then I am
doing work. If it does not move, or if it moves perpendicular to the direction that I am pushing or pulling it, I am not
doing any work.

This can be confusing because the use of the word “work” in English is similar to but not the same as its use in physics.
For instance if someone were to pay me to hold a heavy box up in the air while they move a table to sweep underneath
it, I would say that I am doing work. But I would not be doing work according to the physics definition of the term.
That is because the box is not moving in the direction of the force that I am applying. I am applying a force upwards
but the box is stationary. Since d parallel is equal to zero, so is the amount of work, W.
The same thing applies if I were to put that heavy box on a perfectly frictionless cart and push it to the side of the room
at a constant velocity. Since the velocity is constant, the acceleration is zero. If there’s no friction to overcome, then the
force I need to apply (once I’ve gotten it moving) is zero. No force… no work.
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The last way that I cannot do work (according to the physics definition of work) is if I were to carry a box across the
room at a constant velocity and put it on a shelf at the same height. Once again, I don’t need to apply a horizontal force
to keep moving at a constant velocity so there are no forces in the horizontal direction. I am applying a force in the
vertical direction, to keep the box from falling to the ground. But the box is not moving in the vertical direction, it’s
moving in the horizontal direction. So in the horizontal direction, the force is equal to zero and in the vertical direction
d parallel equals zero. The result is that W = 0 in both cases.

Units of Energy
The unit of energy can be derived from the basic equation of work.
W = F x dparallel
The SI units of force are Newtons (N) and of distance are meters (m). Therefore, the units of energy are Newton-meters
(N-m). Out of respect for James Prescott Joule (1818-1889), a key formulator of the concept of energy, this is also
referred to as a Joule (J).
A constant force of 45 N is applied to a mass on a frictionless surface. The force is applied in the same direction as the
motion of the object. How much work does that force do over a distance of 6.0m?

Determine if work is done in the following scenarios:
A teacher applies a force to a wall and becomes exhausted.
A book falls off a table and free falls to the ground.
A waiter carries a tray full of meals above his head by one arm straight across the room at constant speed.
A satellite completes one revolution around the Earth.
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Sample Problem
A block of mass m = 50 kg moves on a rough horizontal surface with a coefficient of kinetic friction µ = 0.5. The
traveled distance is 20 m. (a) Draw a FBD of the situation. (b) Determine Fg and Fn. (c) Calculate the frictional force
(d) How much work is done by the friction force?
Work:
Examples
1.

A car engine applies a force of 65000 N, how much work is done by the engine as it pushed a car a distance of 75 m?

2.

A force does 30000 J of work along a distance of 9.5 m. Find the applied force.

3.

How high can a 40 N force move a load, when 395 J of work is done?

4.

How much work is required to lift a 500 kg block12 m?

A block of mass m = 100-kg moves on a rough horizontal surface with a coefficient of friction µ

= 0.25. The traveled distance is

10 m. Draw a FBD of the situation and determine the forces acting upon the block. Calculate the frictional force and determine
how much work is done by this force.
Class Work
5.

A 60 N force is applied over distance of 15 m. How much work was done?

6.

A railroad car is pulled through the distance of 960 m by a train that did 578000 J of work during this pull. How much
force did the train supply?

7.

A boy pulls a sled at a constant speed 0.6 m/s by applying a force of 350 N. How much work will be done during 1800 s?

Homework
8.

A light plane travels a distance of 150 m along a runway before takeoff. Find the work done by the plane engine if it is
applying a force of 13500 N.

9.

A horse pulls a carriage by applying 450 N of force. Find the traveled distance if the horse did 89000 J of work.

10. A truck travels at a constant speed of 45 m/s. How much work did the truck engine do during a 2 hour period if it
supplied a force of 25000 N of force.
11. Airflow lifts a 3.6 kg bird 50 m up. How much work was done by the flow?
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Force vs. Displacement Graphs
The work done by a system can be easily found by analyzing a graph of force vs displacement.
Here is a simple graph for a constant force acting over a distance. The work done is simply the area under the curve of
the force/displacement graph.

F (N)

The work done by a 4.0 N force acting over a distance of 6.0 m would
be the rectangular area delineated on the graph below. Since it is a
rectangle, the work would be the base times the height, or F
multiplied by x. This is the equation we’ve been using for work. . So
the work would be 24 J.

Area = work

o

o

x

(m)
Consider the situation of a block being pulled across a table
with a constant force of 5 Newtons over a displacement of 5 meters, then the force gradually tapers off
over the next 5 meters.
The work done by the force moving the block can be calculated by taking the area under the force vs.
displacement graph (a combination of a rectangle and triangle) as
follows:

Determine the work done in the following graph:
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Gravitational Potential Energy
Imagine lifting a box off the floor of your room and putting it on a shelf. The shelf is at a height “h” and the box has a
mass “m”. Lifting the box off the floor requires you to supply a force at least equal to its weight, “mg”. That means that
you have to do some work, since you are lifting the box in the same direction that it moves (straight up). In fact, at the
beginning you had to supply a little more than that amount of force to get it moving up and at the end a little less than
that to get it to slow down to a stop, but on average the force applied would exactly equal mg. (Note: The work done by
gravity is negative on the way up and positive on the way up.)

But our definition of conservation of energy tells us that
Ei + W = Ef
That means that the work you just did must have added energy to the system in the amount of
W = Ef – Ei
Since the work that you did was equal to mgh that means that the energy of the system must have been increased by
that amount
Ef – Ei = mgh
This extra energy must be stored in some form. This leads us to our first type of energy, Gravitation Potential Energy
(GPE). The term GPE reflects the fact that this energy is due to the change of height of a mass located in the earth’s
gravitational field. The Gravitational Potential Energy, GPE, of a system is given by:
GPE = mgh

6|Page

Sean lifts his egg drop project, 12 m above the ground. If his device has a mass of 0.5 kg,
(a) how much work is done by the gravitational force? (Be careful of the sign for work)
(b) how much work is done by the gravitational force if Sean dropped his project from 12 meter?
(c) how much work is done if Sean lifts his project then returns it to the ground?
(d) What can you conclude about the sign of work done by the gravitational force on the way up and way down?
A 52 kg man walks down a 4.2m tall flight of stairs. How much
work did he do?
Ei + W = Ef
W = Ef - Ei
= 0 – GPEi
= - mgh
= -(52kg)(9.8 m/s2)(4.2m)
= - 2140 kg-m2/s2
W = -2100 J

Gravitational Potential Energy (GPE):
Examples
12.

A 1 Kg object loses 20 J of GPE as it falls. How far does it fall?

13. A small, 3 kg weight is moved from 5 m from the ground to 8 m. What is the change in potential energy?
14. If (on earth) an object falls 18 m and loses 36 J of GPE. What is the object’s mass?
15. A 2.4 kg toy falls from 2 m to 1 m. What is the change in GPE?
Class Work
16. An 80 kg person falls 60 m off of a waterfall. What is her change in GPE?
17. A Gravitational Potential Energy (GPE) Sensor attached to a 12 Kg ball changes from 12 J to 22 J, by height change alone.
What is the change in height?
18. A man rides up in an elevator 12 m. He gains 6500 J of gravitational potential energy. What is the man’s mass?
19. When a 5 kg rock is dropped from a height of 6 m on Planet X, it loses 24 J of GPE. What is the acceleration due to gravity
on Planet X?
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Homework
20. What is the gravitational potential energy of a 450 Kg car at the top of a 25 m parking garage?
21. What is the change in gravitational potential energy of a 45 kg weight that is moved from 2 m to 18 m on earth? What is it
on the moon (g = 1.6 m/s2)?
22. A 0.25 kg book falls off a 2 m shelf on to a 0.5 m chair. What was the change in GPE?
23. A 60 kg girl falls off of a waterfall and loses 10 kJ of GPE. What was her height?
24. When a 0.5 kg rock is dropped from a height of 12 m on Planet Z, it loses 45 J of GPE. What is the acceleration due to
gravity on Planet Z?
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Kinetic Energy
Energy of motion is called kinetic energy. Objects that are moving also have the ability to cause change.
Kinetic energy can easily be converted into potential energy. The kinetic energy of a basketball tossed upward converts
into potential energy as the height increases and therefore loses kinetic energy.
The amount of kinetic energy an object has equals the amount of work the object can do by exerting force as it stops.
Kinetic energy is related to both an object’s mass and its speed.

Kinetic energy increases as the square of the speed.
This means that if you go twice as fast, your energy increases by four times (22 = 4).
If your speed is three times as fast, your energy is nine times bigger (32 = 9).
Calculate the kinetic energy of Mr. Menzella’s 4 kilogram dog Bailey running at 5 m/s.

Kinetic Energy (KE)
Examples
25.

A bird flies at a speed of 2.3 m/s if it has 14 J of kinetic energy, what is its mass?

26. A child does 12 J of work pushing his 3 kg toy truck. With what velocity does the toy move after the child is done
pushing?
27. How much kinetic energy does an 80 kg man have while running at 1.5 m/s?
Class Work
28.

A 6 kg object has a speed of 24 m/s. What is its kinetic energy?

29. A rock hits the ground with a speed of 7 m/s and a kinetic energy of 100 J. What is the rock’s mass?
30. A bullet is fired into a 12 kg block of wood. After the bullet stops in the block of wood the block has 29 J of kinetic energy.
At what speed is the block moving
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Homework
31. How much kinetic energy does a 4 Kg cat have while running at 9 m/s?
32. What is the mass of an object moving with a speed of 4 m/s and a kinetic energy of 2000 J?
33. A 400 Kg car has 1.8 x 105 J of kinetic energy. How fast is it moving?
34. How fast is a 3 Kg toy car with 20 J of kinetic energy moving?
35. A student runs to physics class with a speed of 6 m/s. If the student has 880 J of kinetic energy, what is her mass?
36. What is the speed of a 1200 kg car moving with a kinetic energy of 15 kJ?
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Elastic Potential Energy
Elastic Potential Energy represents the energy that can be stored in a spring. First, we must understand the force that is
required to compress or stretch springs. This was first explained by Robert Hooke and is therefore referred to as
Hooke’s law.
Hooke observed that it takes very little force to stretch a spring a very small amount. However, the further the spring it
stretched, the harder it is to stretch it further. The force needed increases in proportion to the amount that it has already
been stretched. The same was observed to be true when compressing a spring. This can be stated mathematically as
Fspring = - k x
In this equation, k represents the spring constant (a characteristic of the individual spring), and x represents the distance
the spring is stretched or compressed from its natural length. The negative sign tell us that the force that the spring
exerts is back towards its equilibrium length, its length when it is not being stretched or compresses.
Therefore, if the spring constant for a particular spring were 100 N/m, I would need to exert a force of 100 Newtons to
stretch, or compress, it by a length of 1m. If I were to exert a force of 50N, it would stretch 1/2 m. A force of 10 N
would stretch, or compress, it by a distance of 1/10 m. This is shown graphically below.

PEspring= ½ kx2

Determine the energy stored in a spring whose spring constant, k, is 200 N / m and which is compressed by a distance
of 0.11m from its equilibrium length
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Elastic Potential Energy
Examples
37.

A spring with a spring constant of 120 N/m stretches by 0.02 m. What is the potential energy of the spring?

38. An elastic spring stores 45 J of potential energy when it is stretched by 2 cm. What is the spring constant?
39. A 50 N force causes a spring to compress 0.09 m. What is the spring constant? What is the potential energy of the spring?
Class Work
40. An 80 N force causes a spring to compress 0.15 m. What is the spring constant? What is the potential energy of the spring?
41. A spring with a spring constant of 200 N/m stretches by 0.03 m. What is the potential energy of the spring?
42. A spring stores 68 J of potential energy when it is stretched by 6 cm. What is the spring constant?
43. A spring with spring constant 60 N/m has 24 J of EPE stored in it. How much is it compressed?
Homework
44. How much energy is stored in a spring with a spring constant of 150 N/m when it is compressed 2 cm?
45. A spring with spring constant 175 N/m has 20 J of EPE stored in it. How much is it compressed?
46. A spring stores 96 J of potential energy when it is stretched by 5 cm. What is the spring constant?
47. A 0.20 kg mass attached to the end of a spring causes it to stretch 3.0 cm. What is the spring constant? What is the
potential energy of the spring?
48. A 5 kg mass, hung onto a spring, causes the spring to stretch 7.0 cm. What is the spring constant? What is the potential
energy of the spring?
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Mixed Problems
Class Work
49. A 5 kg rock is raised 28 m above the ground level. What is the change in its potential energy?
50. A 65 kg cart travels at constant speed of 4.6 m/s. What is its kinetic energy?
51. What is the potential energy of stretched spring, if the spring constant is 40 N/m and the elongation is 5 cm?
52. A 3.5 kg object gains 76 J of potential energy as it is lifted vertically. Find the new height of the object?
53. A spring has a spring constant of 450 N/m. How much must this spring be stretched to store 49 J of potential energy?
54. A 60 kg runner has 1500 J of kinetic energy. How fast is he moving?
Homework
55. A spring with spring constant 270 N/m has 5 J of energy stored in it. How much is it compressed?
56. A 0.02 kg rock strikes the ground with 0.36 J of kinetic energy. What was its velocity?
57. A woman riding a bicycle has a kinetic energy of 3600 J when traveling at a speed of 12 m/s. What is her mass?
58. On Planet X a 0.5 kg space rock falls a distance of 2.5 meters and looses 20 J of energy. What is the gravity on Planet X?
59. A 50 kg skydiver looses 2400 kJ of energy during a jump. What was her change in height?
60. A child compresses his spring gun 1 cm. If 3 mJ of energy are stored in the spring, what is the spring constant?
61. A stone is thrown vertically up with a speed of 14 m/s, and at that moment it had 37 kJ of kinetic energy. What was the
mass of the stone?
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Conservation of Energy
1. When work is done upon an object by an external force, the total mechanical energy (KE + PE) of that object is
changed.
a. If the work is positive work, then the object will gain energy.
b. If the work is negative work, then the object will lose energy.
The gain or loss in energy can be in the form of potential energy, kinetic energy, or both. Under such
circumstances, the work which is done will be equal to the change in mechanical energy of the object. Because
external forces are capable of changing the total mechanical energy of an object, they are sometimes referred to
as nonconservative forces.
External Forces: Fapp, Ffrict, Fair, Ftens, Fn
2. When the only type of force doing work upon an object is an internal force (for example, gravitational and
spring forces), the total mechanical energy (KE + PE) of that object remains constant. In such cases, the object's
energy changes form. For example, as an object is "forced" from a high elevation to a lower elevation by
gravity, some of the potential energy of that object is transformed into kinetic energy. Yet, the sum of the
kinetic and potential energies remain constant. This is referred to as conservation of energy. When the only
forces doing work are internal forces, energy changes forms - from kinetic to potential (or vice versa); yet the
total amount of mechanical is conserved. Because internal forces are capable of changing the form of energy
without changing the total amount of mechanical energy, they are sometimes referred to as conservative forces.
Internal Forces: Fg, Fs
1. Work Done By an External Force
KEi + PEi + Wext = KEf + PEf
The equation states that the initial amount of total mechanical energy (TMEi) plus the work done by external
forces (Wext) is equal to the final amount of total mechanical energy (TMEf).
Whether the work term takes on a positive or a negative value is dependent upon the angle between the
force and the motion. Remember that the work is dependent upon the direction the force acts. If the force
acts opposite to the direction of motion, then the work term will be negative.
A 500-kg car coasts down a hill 52 m high. If it travels 1500 m before stopping and the friction force is 800
N, what is the initial velocity of the car? (Hint: the cars final velocity is 0, and the cars final PE is 0.)
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A 1000-kg car traveling with a speed of 25 m/s skids to a stop. The car experiences an 8000 N force of friction.
Determine the stopping distance of the car.

Given
hi =
hf=
vf=
F=

Formula
KEi + PEi + Wext =
KEf + PEf

Set Up

Solution

At the end of the Shock Wave roller coaster ride, the 6000-kg train of cars (includes passengers) is slowed from a speed
of 20 m/s to a speed of 5 m/s over a distance of 20 meters. Determine the braking force required to slow the train of
cars by this amount.

Given
hi =
vi =
hf=
vf=
d=

Formula
KEi + PEi + Wext =
KEf + PEf

Set Up

Solution

A shopping cart full of groceries is sitting at the top of a 2.0-m hill. The cart begins to roll until it hits a stump at the
bottom of the hill. Upon impact, a 0.25-kg can of peaches flies horizontally out of the shopping cart and hits a parked
car with an average force of 500 N. How deep a dent is made in the car (i.e., over what distance does the 500 N force
act upon the can of peaches before bringing it to a stop)?

Given

Formula
KEi + PEi + Wext =
KEf + PEf

Set Up

Solution
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2. Work Done By an Internal Force
If only internal forces are doing work, there is no change in the total mechanical energy.
Law of Conservation of Energy
Energy cannot be created nor destroyed. It can be transformed from one form into another, but the total
amount of energy never changes.
KEi + PEi = KEf + PEf
Consider Li Ping Phar, the esteemed Chinese ski jumper. She starts at rest on top of a 100-meter hill, skis
down the 45-degree incline and makes a world record setting jump. Assuming that friction and air resistance
have a negligible affect upon Li's motion and assuming that Li never uses her poles for propulsion, her total
mechanical energy would never change.

Tarzan (mass = 75 kg) has an initial velocity of 12 m/s before he jumps off the ground (hi=0). Once in the air he
reaches the apex of his swing (vf = 0 m/s). How high does Tarzan swing assuming no external forces act on him?

A 2 kg car moving with a speed of 2 m/sec starts up a hill. How high does the car roll before
it stops?

Conservation of Energy
Examples

16 | P a g e

62. A spring gun with a spring constant of 250 N/m is compressed 5 cm. How fast will a 0.025 kg dart go when it leaves the
gun?
63. A student uses a spring (with a spring constant of 180 N/m) to launch a marble vertically into the air. The mass of the
marble is 0.004 kg and the spring is compressed 0.03 m. How high will the marble go?
64. A student uses a spring gun (with a spring constant of 120 N/m) to launch a marble vertically into the air. The mass of the
marble is 0.002 kg and the spring is compressed 0.04 m.
a. How high will the marble go?
b. How fast will it be going when it leaves the gun?
65. A roller coaster has a velocity of 25 m/s at the bottom of the first hill. How high was the hill?
Class Work
66. How much work is needed to lift a 3 kg mass a distance of 0.75 m?
67. An arrow is fired vertically upwards by a bow and reaches an altitude of 134 m. Find the initial speed of the arrow on the
ground level.
68. A student uses a spring to launch a marble vertically in the air. The mass of the marble is 0.002 kg and when the spring is
stretched 0.05 m it exerts a force of 10 N. What is the maximum height the marble can reach?
69. A children’s roller coaster is released from the top of a track. If its maximum speed at ground level is 8 m/s, find the height
it was released from.
70. A student uses a spring with a spring constant of 130 N/m in his projectile apparatus. When 56 J of potential energy is
required to launch the projectile to a certain height, what is the compression in the spring?
5

71. How much work must be done to accelerate an 8x10 kg train: a) from 10 m/s to 15 m/s; b) from 15 m/s to 20 m/s; c) to a
stop an initial speed of 20 m/s?
Homework
72. How much work is done in accelerating a 2000 kg car from rest to a speed of 30 m/s?
73. A rock is dropped from a height of 2.7 m. How fast is it going when it hits the ground?
74. A roller coaster is released from the top of a track that is 125 m high. Find the roller coaster speed when it reaches ground
level.
75. A 1500 kg car, moving at a speed of 20 m/s comes to a halt. How much work was done by the brakes?
76. A projectile is fired vertically upward with an initial velocity of 190 m/s. Find the maximum height of the projectile.
77. A spring gun is used to project a 0.5 kg ball, in order to perform this experiment the spring was initially compressed by
0.005 m. Find the ball’s speed when it leaves the gun, if the spring constant is 395 N/m.
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78. A student uses a spring loaded launcher to launch a marble vertically in the air. The mass of the marble is 0.003 kg and
the spring constant is 220 N/m. What is the maximum height the marble can reach (a) when compressed 2 cm? (b) when
compressed 4 cm?

18 | P a g e

Power
The rate at which work is done is called ___________. Work can be done quickly or slowly. For example, a rock
climber takes an abnormally long time to elevate her body up a few meters along the side of a cliff. On the other hand,
a trail hiker (who selects the easier path up the mountain) might elevate her body a few meters in a short amount of
time. The two people might do the same amount of work, yet the hiker does the work in considerably less time than the
rock climber. The quantity which has to do with the rate at which a certain amount of work is done is known as the
power. The hiker has a greater power rating than the rock climber.
Power is found by dividing work by time:

Units of Power
The SI unit for power can be derived from its basic equation.
P=W/t
The SI unit of energy is the Joule (J) and of time is the second (s). Therefore, the SI unit for power is a Joule per second
(J / s). This has been designated the Watt (W) out of respect for James Watt (1736 - 1819), a pioneer in the
development of the steam engine. A kilowatt (kW) is ___________ Watts. The ___________ is occasionally used to
describe the power delivered by a machine. One horsepower is equivalent to approximately 750 Watts.
Power
Examples
79.

A heat engine does 23 kJ of work during 1800 s. Find the power supplied by the engine.

80. How much work is done by 15 kW engine during 3.5 h?
81. How long must a 400 W electrical engine work in order to produce 300 kJ of work?
82. How much power is required when using a 12 N force to push an object at a velocity of 3 m/s?
Class Work
83. An elevator motor in a high-rise building can do 3500 kJ of work in 5 min. Find the power developed by the motor.
84. It takes 500 W of power to move an object 96 m in 12 s. What force is being applied to the object?
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85. A heat turbine can generate a maximum power of 250 MW. How much work can the turbine do in 7.8 h?
86. How much time is required for a car engine to do 278 kJ of work, if its maximum power is 95 kW?
Homework
87. How much time is required for a elevator to lift a 2000 kg load up 28 m from the ground level, if the motor can produce 13
kW of power?
88. A 50 kW pump is used to pump up water from a mine that is 50 m deep. Find the mass of water that can be lifted by the
pump in 1.4 h.
89. Some scientists calculated that a whale can develop 150 kW of power when it is swimming under the water surface at a
constant speed 28 km/h. Find the resistance force of the water exerted on the whale.
90. A tractor travels at constant speed of 21.6 km/h. Find the power supplied by the engine if it can supply a maximum force
of 467 kN.
91. A 7.35 kW lathe can move an iron block at a constant speed by applying a force of 5.56 kN. Find the speed of the block.

General Problems
92. A 255 N force is applied to a 46 kg box that is located on a flat horizontal surface. The coefficient of kinetic friction
between the box and the surface is 0.3.
a. Sketch a free-body diagram and show all the applied forces.
b. Find the acceleration of the box
c.

How far the box will go in 10 s?

d. What will be the velocity at the end of this distance?
e. Find the kinetic energy after 10 s of traveling.
f.

How much work is done during the first ten seconds by each of the following; the applied force, friction force,
normal force, gravitational force and net force?

g. Compare the work done by the net force and the final kinetic energy.
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93. A worker pushes a 50 kg crate a distance of 7.5 m across a level floor. He pushes it at a constant speed by applying a
constant horizontal force. The coefficient of kinetic friction between the crate and the floor is 0.15.
a. Find the magnitude of the applied force.
b. How much work did the worker do on the crate?
c.

How much work did the friction force do on the crate?

d. How much work did the normal force do on the crate?
e. How much work did the gravitational force do on the crate?
f.

What was the total work done on the crate?

g. What was the change in the kinetic energy of the crate?

94. A small block, with a mass of 250 g, starts from rest at the top of the apparatus shown above. It then slides without friction
down the incline, around the loop and then onto the final level section on the right. The maximum height of the incline is
80 cm, and the radius of the loop is 15 cm.
a. Find the initial potential energy of the block
b. Find the velocity the block at the bottom of the loop
c.

Find the velocity of the block at the top of the loop.

d. What is the normal force on the block at the lowest point of the loop?
e. What is the normal force on the block at the highest point of the loop?
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95. A 0.8 kg block is attached to the end of a spring whose spring constant is 85 N/m. The block is placed on a frictionless
tabletop, given an initial displacement of 3.5 cm and then released.
a. What type of energy did the block-spring system initially have?
b. Find the magnitude of this energy.
c.

How does the total energy of the block-spring system change as the block is pushed across the frictionless
surface? Explain.

d. Find the maximum velocity of the block.

96. An external horizontal force, F, is applied to a 2.5 kg toy car as it moves in a straight line. The force varies with the car’s
displacement as shown above. Using the graph answer the following questions.
a. How much work is done by the applied force while the car move the first 10 m?
b. Determine the kinetic energy of the car when it passes the 10 m point?
c.

What is the velocity of the car when it passes the 10m point?

d. What is the total work done by the force in the process of displacing the car the first 30 m?
e. What is the kinetic energy of the car when it is 30 m from the origin?
f.

What is the velocity of the car when it is 30 m from the origin?
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97. A 2 kg object moves along a straight line. The net force acting on the object varies with the object’s displacement as
shown in the diagram above. The object starts from rest at displacement x = 0 and time t = 0 and is travels a distance 20
m. Find the following.
a. The acceleration of the object when it has traveled 5 m.
b. The time taken for the object to be move the first 12 m.
c.

The amount of work done by the net force in displacing the object the first 12 m.

d. The speed of the object at a displacement of 12 m.
e. The speed of the object at a displacement 20 m.

98. A small block, with a mass of 1.5 kg, starts from rest at the top of the apparatus shown above. It then slides without
friction down the incline, around the loop and then onto the final level section on the right. It then collides with a spring
which momentarily brings the block to a stop. The maximum height of the incline is 2.5 m, the radius of the loop is 0.9 m
and the spring constant is 90 N/m.
a. Find the initial potential energy of the block.
b. Find the velocity of the block at the top of the loop.
c.

Find the velocity of the block after it goes around the loop, on the flat section of the path.

d. How much will the block compress the spring before momentarily coming to a stop?
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Free Response - Solve each problem, showing all work. Partial credit may be given.

p  mv

F  ma

W  Fd parallel

Ffr   k FN

Eo  W  Ef

w  mg

GPE  mgh

1 2
mv
2
1
EPE  kx 2
2
KE 

p  m1v1  m2 v 2  ...
m1v1  m2 v 2  m1v1  m2 v 2
v1  v1  v 2  v 2

I  p
I  mv
I  Ft

1. A bullet of mass 0.5 kg is moving horizontally with a speed of 50 m/s when it hits a block of mass 3 kg
that is at rest on a horizontal surface with a coefficient of friction of 0.2. After the collision the bullet
becomes embedded in the block.
What is the net momentum of the bullet-block system before the collision?

Find the total energy of the bullet-block system before the collision?

What is the speed of the bullet-block system after the collision?

*Find the total energy of the bullet-block system after the collision?

*How much work must be done to stop the bullet-block system?

*Find the maximum traveled distance of the bullet-block after the collision?
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Free Response
a. p = m v
p = 0.5 kg 50 m/s
p = 25 kgm/s

+3 points (equation, substitution, answer)

b. KE = ½ m v2
KE = ½ 0.5 kg (50 m/s)2
KE = 625 J

+3 points (equation, substitution, answer)

c. m1v1 + m2v2 = m1v1’ + m2v2’
m1v1 = (m1 + m2) v’
v’ = m1v1 / (m1 + m2)
v’ = 0.5 kg 50 m/s / (0.5 kg + 5 kg)
v’ = 7.14 m/s

+4 points (equation, algebraic manipulation,
substitution, answer)

d. KE = ½ mT v’2
KE = ½ 3.5 kg (7.14 m/s)2
KE = 89.2 J

+4 points (equation, algebraic manipulation,
substitution, answer)

e. W = 89.2 J

+ 1 point

f. W = F d
F = μk FN
FN = m g

+4 points (equation, algebraic manipulation,
substitution, answer)

W = μk m g d
d = W / μk m g
d = 89.2 J / 0.2 3.5 kg 9.8 m/s2
d = 13 m
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Lab: Computing Personal Power
Objective:
Compute your personal power while walking and then hurrying up a flight of stairs.
Hypothesis:
Does a person do more work walking up a flight of stairs or running up the same stairs?
Procedure:
Gathering Data
1. You will be working in groups of two.
2. Find your weight, in pounds, using the scale at the front of the
room.
3. Convert your weight into Newtons using the conversion factor
4.42 N/lb.
4. Measure the height of the stairs that you will be climbing.
Measure the height of one step then count the number of steps.
5. Time yourself three times each walking and hurrying up the
stairs.

Weight
Pounds

Newtons

Height of stairs: height of one step x # of stairs = __________
Time (s)
Trial

Walking

Hurrying

1
2
3
Average
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Calculations
6. Calculate the work done when climbing the stairs slow and steady.
Given
Formula
Set-Up

Solution

7. Calculate the work done when climbing the stairs rapidly.
Given
Formula

Solution

Set-Up

8. Compute the power, in watts, that you generated in walking up the stairs. Pay attention to units!
Given
Formula
Set-Up
Solution

9. Compute the power, in horsepower, that you generated in walking up the stairs.
(1 horsepower =746 Watts).
Personal Power
Trial

Walking
Watts (J/s)

HP (ft-lb/s)

Hurrying
Watts (J/s)

HP (ft-lb/s)

1
2
3
Average
Analysis Questions:
1. Did climbing the stairs slow and steady or rapidly do more work? Which case did you exert more
power?
2. A large and a small person climb a flight of stairs in the same amount of time. Which person generated
the greatest horsepower? Explain
3. Compare and contrast your data with those of other groups in your class.

4. Would you do more or less work riding in the elevator? Would the elevator generate more or less power
than you did walking/hurrying up the stairs? (Hint: First think about what variables you would need to
gather to test this, then perform an experiment on your own in the elevator.)
5. If you were designing a stair-climbing machine for the local health club, what information would you need to
collect? You decide that you will design a stair-climbing machine with the ability to calculate the power
developed. What information would you have the machine collect in order to let the climber know how much
power he or she developed?
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Rubric – Personal Power
Honors Physics
Heading
(1 pt.)
Research Question
(2 pts.)
Hypothesis
(5 points)
Sketch & Description
(2 pts.)
Data Tables
(5 pts.)
Analysis
(10 pts.)
Total =

Student labels the date in the upper left
hand corner and title of lab in all CAPS
in lab notebook.
Student states the research question of
the lab as a statement.
Student states hypothesis and explains
their prediction.
Student sketches materials used in lab
and a brief description of what they did.
Student creates a data table for data
collected in lab using a ruler or
Microsoft Excel.
Student answers analysis questions by
showing given, formula, set up and
solution (all with units)

/25 points
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Name: __________________________ Period: ________________ Date: ________

The Snickers Bar
Research Question
How many times must I climb the stairs to use the stored energy of a snickers bar?
Introduction
Introduction:
In class we will be discussing work and energy. Energy is the ability to do work. Released energy is called kinetic
energy while stored energy is called potential energy.
The foods we eat contain stored energy. This energy is in chemical form and is released when we digest the food. The
basic unit of food energy is measured in calories.
All calories are not equal. There are calories and there are Calories. Calories with the capital C are actually kilocalories
and are called large Calories. One Calorie actually equals 1000 calories! The caloric content of food is measured in
Calories.
Purpose
In this activity you will be investigating how much chemical energy is in the food that you eat.

Do I really want to eat a Snickers?
1) Your weight in pounds must be converted into Newtons. This is accomplished by multiplying your weight in
pounds using the conversion factor 4.45N/pound.
Your weight (Fg) in Newtons = Your weight (Fg) in Pounds x 4.45N/pounds
=(
pounds) (4.45 N/pound)
2) What was the work done by your legs getting you up the steps?
Work Done = Your Weight (N) x 4.16 meters = _________ x 4.16 = _____ J
3) Convert the stored energy in a snickers bar (266 calories) from calories to Joules.
1 calorie = 4186 Joules
266 calories x 4186 Joules = __________ Joules

4) Calculate the number of times you would have to climb the steps to expend the amount of energy stored in a
Snickers bar.
__________ Joules (joules of energy from step #3) / __________ (work done in step #2)

29 | P a g e

Lab: What are the different transformations of energy an object
undergoes?
Hypothesis:
Write a hypothesis in response to the title (objective) of the lab. Be sure to supply your reasoning, which should
include a definition of mechanical energy, potential energy, and kinetic energy and any examples that you can
provide to support your ideas.
Procedure
1. You will be moving around with a partner to the different stations listed on the back of this page. At each
station, follow the instructions printed on the paper.
2. There are a number of toys arranged around the room for you to play with. You are to identify specific energy
types involved in the function of the toy.
3. Record your observations in a systematic and organized way. You can make annotated drawings, an
observations table with a checklist, or any other method that will work for you. You can create your own table
in your lab journal or in Microsoft Word.
4. Go to as many stations as possible during the lab period. Some take longer than others so please do not rush a
group that is working slowly.
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Observations
Station

Types of Energy

Calculations and/or Observations

1. Dropper Popper

2. Bouncing Springs

3. Steel Spheres

4. Duck Walker

5. Catapult

6. Dancing Robots

7. Finger Flick

8. Woodpecker

9. The coaster
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Rubric – Energy Transformations
Honors Physics
Heading
(1 pt.)
Research Question
(2 pts.)
Hypothesis
(5 points)
Sketch & Description
(2 pts.)
Data Tables
(10 pts.)

Total =

Student labels the date in the upper left
hand corner and title of lab in all CAPS
in lab notebook.
Student states the research question of
the lab as a statement.
Student states hypothesis and explains
their prediction.
Student sketches one station they visited
and what they did at that station.
Student creates a data table for data
collected in lab using a ruler or
Microsoft Excel showing all calculations
where applicable with the given,
formula, set up and solution with units.

/20 points
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Activity: Energy of a Bouncing Ball
Introduction
It doesn't take much effort to lift a ball off the ground. However, work is being done to the ball as it is being lifted, giving it
energy. We call this energy potential energy. When the ball is dropped, the ball begins to move. The potential energy begins to be
converted into kinetic energy - the energy of motion. There is obviously a very close association between work and energy.
Energy is defined as the ability to do work and both work and energy are measured in Joules. To help understand this concept,
scientists have classified energy into two types or states. Potential energy is the energy acquired as work is being done to an object
and kinetic energy is the energy released by the object as it is doing work. The amount of work put into an object, its potential
energy, must always be equal to the amount of work the object can do, its kinetic energy. For example; the higher the ball is lifted
off the ground, the higher it will bounce after hitting the ground. Experience tells us that the ball can never bounce back to its
original height. The falling ball looses some of its energy to air friction, to internal forces within the ball, and to friction between
the ball and the ground on impact. After impact, the ball and the spot directly under the ball are slightly warmer, as some of the
energy is lost as heat.
The gravitational potential energy of an object, like a rubber ball, is related to its mass and the height to which the ball is lifted and
can be expressed by the formula:

PE = Weight x Height = mgh

You can see from the formula that the greater the weight and the higher the position of the ball, the greater the potential energy.
The kinetic energy of the falling ball is related to the mass of ball (m) and its velocity (v). This mathematical relationship is
expressed as:

KE = ½ mv2
According to the equation, the heavier the ball and the faster it is moving, the greater the impact on the ground. Neglecting friction
for the ball we're using, the potential energy before you drop the ball will be equal to the kinetic energy just before it hits the
ground.

Materials




At least two types of bouncing balls: racquetball, Ping-Pong ball, basketball, volleyball, softball, tennis ball, plastic ball,
golf ball, and a rubber ball.
Meter stick
Calculator

Procedure
1. Using the meter stick with zero at the floor, drop each ball from a height of one meter and measure the height each ball
bounces back up after the first bounce.
2. Bounce each ball five times to determine an average bounce height for each ball.
3. Find the mass of the balls and convert to kilograms.
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4. All data must be recorded in the data table below.
5. Repeat the procedure by decreasing the drop height by 25 cm each time.
6. Plot a graph of bounce height (y-axis) versus drop height (x-axis).

Mass
(kg)

Ball

Average
Release Height
(m)

PE
(J)

KE
(J)

v
(m/s)

Average
Bounce
Height
(m)

PE
(J)

KE
(J)

v
(m/s)

KE
[Heat Due
to
Bounce]
(J)

KELOST
(%)

 The first PE and KE refer to the ball as it is dropped. The first v refers to the speed of the ball when it hits
the ground.
 The second PE and KE refer to the ball after it bounces. The second v refers to the speed of the ball when
leaving the ground.
Golf Ball
Average Release
Height
(m)

Average Bounce Height
(m)

Analysis Questions
 Discuss how the PE and KE of a falling ball are related.
 Explain the results for the velocity of each ball as it falls.
 Using the conservation of energy explain why the balls don’t bounce back to their original drop height.
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Activity: Conservation of Energy with a Projectile Launcher
Materials: Projectile Launcher and plastic ball, plumb bob, 2 Photogates and Photogate Bracket, meter sticks or tape measures.
Purpose: The purpose of this experiment is to show that the kinetic energy of a ball shot straight up is transformed into potential
energy.
Theory: The total mechanical energy of a ball is the sum of its potential energy (PE) and its kinetic energy (KE). In the absence of
friction, total energy is conserved. When a ball is shot straight up, the initial PE is defined to be zero and the KE =
(1/2)mv2, where m is the mass of the ball and vo is the muzzle speed of the ball. See Figure 5.1. When the ball reaches
its maximum height, h, the final KE is zero and the PE = mgh, where g is the acceleration due to gravity. Conservation
of energy gives that the initial KE is equal to the final PE.
Procedure
CAUTION! DO NOT LOOK DOWN BARREL!
1. Clamp the Projectile Launcher to a sturdy table near one end of the table
with the Launcher aimed away from the table. See Figure 5.1.
2. Point the Launcher straight up and fire a test shot on short range to make
sure the ball doesn’t hit the ceiling.
3. Attach the photogate bracket to the Launcher and attach two photogates
to the bracket.
4. Plug the photogates into the smart timer and set the timer to “Time: Two
Gates”.
5. Put the plastic ball into the Projectile Launcher and cock it to the medium
range position.
6. Measure the time between the ball blocking the two photogates. Shoot the
ball three times and take the average of these times.
7. Measure the distance between the centers of the photogates, and calculate
the initial speed.
8. Use the middle of the 2 photogates as the starting position of the ball.
Measure this location or use this as zero.
9. Shoot the ball on the short range setting several times and measure the
maximum height attained by the ball.
10. Determine the mass of the ball.
Calculations:
 Find the average of the measured times and measured displacements.
 Calculate the average velocity between the gates.
 Calculate the initial kinetic energy.
 Calculate the initial and final potential energies.
 Calculate the percent difference between the initial and final energies.
Questions:
a. How were your results? Explain with supporting evidence.
b. Does friction affect your results? If so, how? If not, why not?
c. What other sources of error might have affected the results of this activity?
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Activity – Hooke’s Law
Pogo Stick Physics
Objective
To determine the spring constant of a pogo stick.
Introduction
The pogo stick works by using springs and elastic strings that are highly elastic. This means their shape can be
deformed quite a bit before they reach their elastic limit. Because they stretch, they can store energy that can be used to
do work in the future. This type of stored energy is elastic potential energy. As elastic potential energy is released, it is
converted into kinetic energy, or energy of motion. Pogo sticks take advantage of this energy conversion process. As a
rider bounces on a pogo stick, his weight and the force from his legs are stored as potential energy in the elastic
material, either a spring or an elastic string. When the elastic material recoils, all of the stored energy is transferred
back to the rider, who uses the thrust to bounce higher.
Part I
Your group has been assigned a pogo stick. Find a way by which you can use the equation F=kx (Hooke’s Law) to
determine the value of the pogo’s spring constant ‘k’ in newtons per meter. Before making any measurements, discuss your
plan with Mr. Menzella! Use the space below to record your work. ANY STUDENT THAT GETS ONTO A POGO STICK
MUST BE SPOTTED BY TWO OTHER STUDENTS!
Spring constant (k) = _________________N/m

Part II
For this part of the lab, one of your lab partners (the ‘bouncer’) will stand on the pogo stick while two other members (the
‘boppers’) will push the rider up and down. Two other members (the ‘measurers’) will take measurements that will allow you to
calculate the potential energy stored in the pogo stick’s spring when it is compressed and how much energy is gained against
gravity when the spring is subsequently pushed back upwards. You will then find the percent of the energy converted from elastic
to gravitational potential energy. (Note: Anytime someone is on the pogo stick they must be spotted by the two boppers.)
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1. Job descriptions:
a. The bouncer: All you need to do is stand on the pogo stick without helping it go up or down.
b. The boppers: Gently push the bouncer up and down. There should be one bopper on each side of the bouncer.
Place one hand on the bouncer’s shoulder and your other hand on one of the pogo stick’s handles. Remember
SAFETY FIRST! Think of yourselves as spotters, responsible for the safety of the bouncer.
c. The measurers: First attach a 30-cm ruler to a block as shown below.

Your role is to get onto the floor several feet away from the pogo stick so that you are safely out of range of the pogo
stick if it happens to kick outward at any point. You need to measure the height of the bottom of the collar at its
lowest point and its highest point.

Bottom of Collar

2. With the active spotting of the boppers, the bouncer
should get on the pogo stick, facing the ruler and
measurers. The block with the 30-cm ruler attached
should be placed on the floor in front of the pogo
stick such that the measurers can easily read it.
3. The measurers should get down on the floor several
feet away from the bottom of the pogo, with your
eyes at the height of the pogo stick’s collar.
4. When everyone is in position, the boppers, should,
in synchrony, push the rider up and down. Do not
push so hard that the bottom of the collar hits the
bottom of the pogo, which emits and audible click.
5. After a few oscillations, the boppers should allow
the bouncer to move upward freely being pushed

only by the force of the spring. The boppers still
need to guide the bouncers so that he or she does not
fall!
6. One measurer should measure how low the collar
goes on this last downward push and the other
should measure how high the collar comes back up.
The first measurement is called the ‘low’; the second
is called the ‘high.’
7. Repeat three times.
8. Finally, measure the height of the collar above the
floor when the rider is not on the pogo stick. This is
called the uncompressed height.
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Calculations
1) Potential energy stored in the spring: PEs=½kx²
2) Potential energy against gravity: PEg=mgΔh

3) % energy converted: PEg/PEs x 100%

Analysis
1. When a spring is compressed what type of energy increases? Why?
2. If the stretching force of a spring is tripled, what will happen to the length of the spring?
3. What does a large spring constant mean in terms of the size of the force applied and the distance a spring
will stretch?

Activity – Conservation of Energy
Honors Physics
Objective
To determine if energy is conserved when a Hot Wheels car rolls down a ramp.
Background
A Hot Wheels car rolling down a ramp converts gravitational potential energy to kinetic energy. If we know the
height at which the car starts, we can compute the gravitational potential energy with which the car starts. If we
measure the velocity at the bottom of the ramp, we can compute its kinetic energy. We can compare these two
energies to see if energy is conserved.
Procedure
Design an experiment with a simple ramp for a Hot Wheels car that allows you to measure its starting height
and its velocity at the bottom. Do the experiment for 3 different heights, minimum. (Be sure to repeat
measurements at each height).
Results
Convert your starting height to gravitational potential energy (GPE) and then convert your velocity to kinetic
energy (KE). Your results will consist of a graph of KE versus GPE, and calculate the slope the line of best fit.

Bungee Jump Lab
Name

Period

Research Question: How can we determine the distance a bungee person falls based on the determined k of a
spring?
Objective: Your goal is design a bungee jump ride for a Barbie doll. You will use conservation of energy to
make your prediction.
Problem Description: You will be given a Barbie doll, hook, spring and string. You will hold Barbie between
1.5 to 2.0 meters above the floor then release her. Your goal is to have Barbie come as close to the ground as
possible without hitting the floor.
What to submit:



Data:



MLA format
Type a summary of what you did in the lab. This includes a procedure and how you analyzed your data.
Calculate percent error.

You will need to determine the spring constant of the spring. Include data tables and graphs.
You will need to use conservation of energy to determine how far the spring will stretch when you drop
Barbie from your chosen elevation. Show your calculations.
 You will need to take into consideration Barbie’s length, the original spring length, the amount of spring
stretch.
 Include sketches with measurements indicated.
Data for determining spring
5
constant.
Excel graph with R2 value and
equation. Best fit line and
axes labeled.
Shows calculation for
conservation of energy, solves
for x correctly.
Includes a sketch with all the
lengths labeled. Barbies
length, spring length, spring
stretch, height of drop and
length of spring.
Bungee person hits table = 1
Within 8-10 cm of table = 3
Within 4-7 cm = 4
Less than 4 cm = 5

5
10
10

5

Procedures and Analysis
1.
2.
3.
4.
5.
6.

Set up the apparatus as shown in the diagram to find the spring constant k of a spring.
Avoiding parallax, read and record the position of the spring with the 50 g mass hanger attached.
Hang a 50.0 g mass on the mass holder. Record the new position.
Repeat Steps 2 and 3 for incremental masses of 50.0 g.
Plot F in Newtons as a function of x (meters). Calculate the slope of the line (=spring constant k).
Determine the mass of your bungee person. Solve the equation for the distance (h) the bungee person will fall
before being stopped by the spring.

mgΔh = ½kh2 which simplifies to:
mg = ½kh
Now, call over the physics instructor for the next step.
7. Attach the bungee person to the spring and support the person such that the spring is at the no-load (unstretched)
position. Raise the bungee person to the appropriate height (h). Consider the body length of the bungee person.
8. Drop the bungee person. [NOTE: The physics instructor is the sole judge of distance from the table the bungee
person falls on the spring.]

Conservation of Energy Lab Challenge
Challenge: Your task is to determine the amount of elastic potential energy stored in a toy “popper” using the
law of conservation of energy. Since we do not have an equation for elastic potential energy in a popper, we
must find another method. The only equipment available to you is a metric ruler, a balance, and a calculator.
Due to error inherent in the lab, you should perform at least five trials and average your results.
Energy Diagrams:
Fill in energy diagrams for the following scenarios. Each scenario shows a different location in the popper’s
movement.

Just before release

Just after release

At Max Height

Just before hitting ground

GPE

EPE
KE

TE
Procedure:
In your lab notebook, write a detailed procedure (step-by-step) how you plan to determine the elastic potential
energy stored in your popper. Include all measurements you plan to take and list the equations you plan to use.
Then make a data table to organize all measurements. Run the lab, making sure to show all calculations
clearly. You must run at least 4 trials since there is a lot of error involved in the lab.
Post-lab Questions:
1. Based on your results, how much elastic potential energy was stored in the popper before it was
released?
2. How much kinetic energy did the popper have just after being released?
3. What is the popper’s initial velocity as it leaves the ground?
4. How much total energy does the toy have when it is at half of its maximum height?
5. List two main sources of error in this lab. (Be specific!)

