Chapter 5
Work and Energy
5.1 Introduction
In this chapter, you will learn about the concept of energy and
the related concept of work. These are both essential concepts in
Physics. In fact, Physics itself is the study of energy, thus the
concept of energy is probably the most important idea in the entire
study of physics. We will find, as we progress through more and more
chapters, that almost every chapter from now on will include a final
section about how that idea relates to energy. The reason is simple:
once we know how one idea relates to energy, it can be connected to
every other idea that relates to energy. For example, when we study
sound, we will learn how sound energy is measured. This will allow us
to relate sound to other ideas, like motion. Once we can do this, we
could actually calculate how much sound is necessary to move a car at
55 mph. Or how much light is needed to boil water, or how much motion
is needed to run an electrical circuit. You get the idea. Because
this one idea connects all others, it is essential that you have good,
solid understanding of it before we move on.

5.2 Work
Work Done (Straight Line Path) by Constant Forces
In order to understand energy, we must first learn about a
related topic: work.
Work is defined as the product of the force applied to an object
times the parallel distance through which the force acts. In short,
work is force times a distance.
W=Fd
Notice that this would give us units of NCm. This a new unit that has
its own name: a Joule. This is a common unit that will be used
throughout the rest of the course.
1 J = 1 NCm = 1 kgm2/s2
It is very important to note that work is a scalar quantity. It does
not have a direction, although it can be positive or negative. This
makes work easy to work with, since different works can add or
subtract normally as numbers, without all the fuss necessary with
vectors.
We will further explain the meaning of the term parallel distance
in a short while, but for now let us just concentrate on work as being
force times distance.
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It should also be noted that work is very object specific. In
other words, one object does work on another. Work is not something
that an object possesses, like energy, instead it is something that an
object (or field, such as gravity) does to another object. Because of
this we need to watch our wording very carefully. There may be five
forces acting on an object, but if you are asked to calculate the work
that one of these forces does, you must ignore the other forces. The
example that follows will illustrate this.
Example 5.2.1
Suppose you lift a book with a force as shown below. If the book rises 3 m, how much
work did you do? How much work did gravity do?

The above example, however simple, shows how we individually
distinguish each different work done by a different objects. For
example, we say “the work done by gravity” versus “the work done by
you” to differentiate the two answers. It also shows how we must
assign a sign to the work done according to whether the distance is
with the force or against it. If the distance and the force are in
the same direction, we call that positive work, and if the distance
and force are in opposite directions, we call that negative work.
In order to keep things straight, one suggestion would be for the
student to draw an arrow on the page, showing the direction of motion.
Although it might seem unnecessary at this time, we will see that this
will help out greatly in later problems.
The next example shows us exactly what is meant by parallel
distance. Parallel distance means that we only count the distance in
the direction parallel to the force. For example, if we push an
object up but the object moves sideways (because some other forces are
acting on it), the parallel distance for our force is zero, since the
object never moved parallel to our push. If the book moved up, we
would count the entire distance, since all of the distance is parallel
to the force. If the object moved at an angle, then we must
trigonometry to determine just how far the object moved in a direction
parallel with the force.
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Example 5.2.2
Three forces act on the object below: you push up, gravity pulls down, and another
unknown force pushes to the side. How much work do you do? How much work does
gravity do? The path it travels is marked by a thin line.

There are two ways to approach calculating the work done and
getting the correct angle. The first is to find the parallel distance
every time, and then add a positive or negative to the answer based on
whether or not it moved against or with the force. However, there is
a better way to do this. There is another formula to calculate the
work done on an object.
W = Fdcosè
Where F is the entire force, d is the entire distance, and è is the
angle between the force and the distance. This is why it is helpful
to draw an arrow showing the motion of the object. Consider the
example below.

Example 5.2.3
A 10 N book is moved from the floor up to a bookshelf that is located 3 m away across the
floor and placed on a shelf that is 1.4 m high. What is the work that gravity does on the
book during this move?

This leads us to a quick explanation regarding the true nature of
work. Work is actually a vector multiplication called the vector dot
product. If you learned the dot product in chapter 1, this will make
sense, if not, a short explanation follows.
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When vectors are multiplied together, there are two methods of
multiplication available, the (scalar) dot product and the (vector)
cross product. The dot product takes two vectors and creates a scalar
from them. This is why work is a scalar quantity. The way a scalar
product works is that you multiply the magnitudes of both scalars
together and then multiply by the cosine of the angle between them.
In the case of work, this would mean:

W=*F**d*cos2
where 2 is the angle between the two vectors as shown below:

The proper way to write a dot product is:
W = F C d
Which shows that force and distance are vectors and work is a scalar.
An astute student might be asking a question here about distance being
a vector, but we will skip over it for now.
Because work is actually a dot product of force and distance, the
easiest way to calculate the work is to remember the equation: W =
Fdcos2. You will find that by using this equation, you will always
get the appropriate sign for the work done. As a way of keeping
things straight, it is suggested that you draw both the force and the
distance as vectors so you can see which way they point. Often
students will use the wrong angle if they forget to draw an arrowhead
on the displacement vector indicating direction.
With those things in mind, let us run through a series of
exercises that are designed to give us practice with these concepts.
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Example 5.2.4
A tow truck pulls a car weighing 20,000 N from rest with a constant force of 10,000 N for
100 m. Friction also acts on the car with a force of 6,000 N.
a.)
How much work does the tow truck do on the car?
b.)
How much work does gravity do on the car?
c.)
How much work does friction do on the car?
d.)
What is the total work done on the car?
e.)
How much work does the car do on the tow truck?

Example 5.2.5
In outer space, a space ship with four rocket engines pointing different direction fires all
four at once. The engines are arranged as in the diagram below. After 10 seconds, the
space ship has moved 500 m at an angle of 52 degrees (N of E). If the three engines
below each has a force of 200 N (A, B, C on the diagram), how much work did each
engine do? Engine D is unknown and does not come into the calculations in this problem,
and there is another engine opposite to B but it also does not come into this problem, so it
can be ignored.
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Example 5.2.6
A person pushes a box up a 2 m long ramp that is at an angle of 30 degrees to the
horizontal. The box weighs 400 N and they push with just enough force to keep it
accelerating at 0.5 m/s2. The coefficient of friction is 0.2 on the ramp. Assume that the
person is pushing directly parallel to the surface of the ramp. Calculate the following:
a.)
b.)
c.)
d.)

the work done by gravity
the work done by friction
the work done by the person
the work done by the normal force

If a force and a displacement are given in unit vector notation,
find the work done is simply a matter of treating each direction
independently, and then adding your results together. In other words,
if you are given the following:
F = Fxî + Fy¯ and Äd = xî + y¯
then the work done is simply:
W = Fxx + Fyy
This can even be used to find the angle between F and Äd, although
that is a bit clumsy.
Example 5.2.7
A particle is pushed by a force given by F = (12 N)î + (20 N)¯ and undergoes a
displacement of Äd = (3 m)î + (6 m)¯. Find the work done and the angle between F and
Äd.

Work Done (Straight Line Path) by Varying Forces
The previous section showed how work is calculated and gave a
number of examples. However, all the examples involved simple forces
that were of a constant value and in a steady direction. In this
section, we will see how to calculate the work done by a non-constant
force. In order to correctly calculate the work done by a varying
force, we would need to use calculus. However, many books include a
section on calculating the work done in these situations by using the
results of calculus, even though the physics class might not be
calculus based. It is important for you to be familiar with what is
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expected in your class, since this section will include a great deal
of calculus results (which can be used without ever knowing any
calculus) as well as a few applications of directly using calculus to
find the work.
Using an average force: In some problems, instead of trying to
calculate the work done by a varying force using Calculus, we can get
away with finding the average value of the force. Averaging is
actually a tricky concept, since there are many ways to average
something, but we skip over that here. If the problem gives an
“average force,” that can be safely used in the normal W = Fdcosè
formula.
Example 5.2.8
An experimental rocket (6000 kg) takes off and is propelled by an average force of 10,000
N for a distance of 5 km. Find the work done by the engine and the work done by gravity
in this situation (assume gravity stays constant).
Gravity (using NULG): Since gravity does change as distance from the
center of the earth changes, if an object is moved vertically, the
gravity will change as it is moved. In most cases, as in the example
above, the change is too small to matter and we keep the acceleration
of gravity as 9.8 m/s2. However, if an object is moved far enough,
the gravity will vary enough to make a difference in the problem. For
these situations, we need to rely on Calculus to give us a correct
answer. Once we use the Calculus, we will have a formula that can be
used in any similar situation.
W
W
W
W
W

=
=
=
=
=

Fd
*Fdr
(Where we use r as our distance variable)
*(Gm1m2/r2)dr (since the force is gravity)
Gm1m2*(dr/r2) (moving the constants out of the integral)
-Gm1m2{(-1/rf + 1/ri)}
(where ri is initial radius, and rf
is final radius)

Which is our final formula, although we can clean it up a bit to
W = -Gm1m2{(1/ri - 1/rf)}
The variables ri and rf stand for the initial radius (the distance
between the centers of the two objects) and final radius,
respectively.
A few notes should be made here. The negative sign is necessary
since if the object is moved to a higher radius, and thus is moved
against gravity, the work will be negative. The other thing is that
both radii here are measured from the center of the main object. For
example, in the case of an object lifted from the surface of the earth
to a high orbit, the initial radius would be the radius of the earth,
and the final radius would be from the final orbit to the center of
the earth.
LetsLearnPhysics

-

Chapter 5 -

Page 7

Also, it is important to note that this equation gives us the
work that gravity does on the object, not the work you might do on the
object in moving it.
Example 5.2.9
How much work is required to move a 400 kg satellite from the earth to an orbit 800 km
above the surface of the earth? Why is this answer negative?

Example 5.2.10
How much work is necessary to move a 2000 kg space ship from the earth to the moon?

Work done by a spring: Calculating the work done by a spring is
another example where we can use calculus to give us a non-Calculus
result that will be useful. The work done by a spring is found in the
same manner as the work done by gravity was found above.
W
W
W
W

=
=
=
=

Fd
*Fdx
*F(kx)dx
(the force of a spring is F = kx)
½kX2 (where X is the distance the spring is stretched)

A small note should be made here - we are assuming that the spring was
starting from an “equilibrium” position (what is generally called x =
0 in spring problems) and is either stretched or compressed by an
amount X.
Example 5.2.11
A 150 N box is placed on a spring with a constant of 4200 N/m. How much work did the
spring do on the box? How much work did gravity do on the box?

Area Under Curve - Graphical Cases
Another type of work problem that may be encountered is one that
asks you to calculate the work done from a graph of a Force versus
position. Since W = Fdcosè, as long as the force on the graph is in
the same direction as the motion, this means that the area under a
graph of this nature is the work done. If the graph is one with
straight lines, calculating the area becomes easy. However, if it is
one that is curved, you must resort to approximations or break the
graph into rectangles that come close to approximating the curve.
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Example 5.2.12
An object is pushed by two different forces as shown below. Calculate the work done by
the forces from x = 2 m to x = 8 m and then back to 6 m.

Example 5.2.13
An object is pushed by a varying force as shown below. Calculate the work done from x =
0 to x = 10 m.

Calculus: We can see from the above examples, that using calculus to
calculate the work done by a force is relatively simple if we know the
formula of the force in respect to the distance. Since work is force
times distance, we can simply evaluate the integral between the two
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points in question.

In other words:

W = *Fdx
If the force is not given in terms of distance, but instead is given
according to time, the problem becomes much trickier and it would
generally not occur in basic physics courses. The way to approach it
would be to try to get the force in terms of distance by using F = ma
and then integrating to find the position versus time equation, and
substituting for the time in the force versus time equation. Again,
this is not the type of normal problem that occurs in first year
physics courses.
Example 5.2.14
For the first 20 m, an amusement park roller coaster propels a cart with a force given by F
= (200 N/m2)x2, where x is the distance from the starting point. Find the work done by the
motor on the coaster from x = 10 m to x = 20 m.

Final Comments about Work
Before we move on to the next section, there are a few comments
about the concept of work that should be made.
Work along paths: If an object’s path is more complicated than a
straight line, but instead is made up of a lot of straight lines, we
can add the work done along each path to come up with a total. In
other words, work is additive.
Conservative versus Non-Conservative Forces: In physics, forces can be
classified as either being conservative or non-conservative. A
conservative force is one for which the work done along any closed
path is zero. Consider gravity. If you move an object up 2 m, right
2 m, down 2 m, and to the left 2 m, it will be back where it started
from. If you calculate the total work done along this path, the
answer will be zero. This is true for any closed path (one that
returns to the original starting point). Thus gravity is a
conservative force. On the other hand, if you push a box against
friction along the floor, say 10 m north, 10 m east, 10 m south, and
then 10 m west, the total work done by friction will not be zero.
Thus friction is not a conservative force. The usefulness of this
idea is that in a situation with a conservative force, the work done
in going from one point to another is “path independent.” This means
that regardless of how you get from A to B, the work is the same.
This becomes handy in cases where the path itself is hard to calculate
or keep track of.
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Example 5.2.15
Consider three forces acting on an object. Force A is 20 N straight down, force B is 15 N
to the right, and force C is unknown. The object follows the path as shown below.
Calculate the total work done by force A and force B along the path.

Example 5.2.16
A 50 kg box is moved from one point to another along the path shown below. Calculate
the work gravity has done on the object. A graph is shown in the background to assist
with distances. If there is a frictional force of 20 N on the box the entire time, can you
calculate the work done by friction?

Finding the actual work would be difficult, if we had to follow the
path. However, since gravity is a conservative force, we can simply
use the beginning and ending points, making the calculation very
simple. On the other hand, we cannot calculate the work done by
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friction, since it is a non-conservative force.
Work in a circular path: One of the most common “trick” questions in
this section is when you are asked to calculate the work done on an
object moving in a circle. Remember that only the force that is in
the direction of motion counts. Therefore, if an object is moving in
a circle, the centripetal force can NEVER do any work on the object.
Since it is always 90o to the motion, the total work done must be
zero.
Example 5.2.17
A 40 kg child plays on the swings on a playground as shown below. How much work is
done by gravity as the child goes from A to B? How much work is done by the tension in
the chains? (The child is not drawn, since I am not an artist!)

Work Along a Curved Path: Throughout our discussion we have focused on
calculating the work done along either a straight line path, or in the
case of a conservative force, along a curved path. We should,
however, before we finish, at least mention calculating work along a
curved path by a non-conservative force. For example, what if you
were asked to calculate the work done by a person pushing someone on
the swing above? Or asked to calculate the friction back in example
5.2.13? Calculating the force along a curved path can be done,
provided enough information is know. It is generally done by using a
line integral, and since it is almost never covered in first year
physics classes, we will skip it here.

Power
While we have been discussing work, an astute student might have
noticed that “work” in the physics sense, does not always mean the
same thing as “work” does in common English usage. For example: If
you carry a box across the room, you technically do no work (since
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your force and distance are perpendicular). Or if run up a flight of
stairs, you do the same work as walking up the same flight. In the
last example, you are probably more tired after running up the stairs.
This is because in the formula for work, time is not a factor. Thus
work has nothing to do with how fast something is done. However, we
do have another concept that does involve time: Power. Power is
defined as the rate at which work is done. Thus:
P = Work/time (or in calculus terms: P = dW/dt)
Notice how this will give units of Joules per second.
it’s own name, a Watt.

This unit has

1 J/s = 1 Watt = 1 W
Again, since work is a scalar, power is also a scalar. There is
another common measure of power, and it is called “horsepower.” The
conversion is:
1 hp = 746 W
Another unit that is sometimes used, and can be a bit confusing, is
called a kilowatt-hour. Notice that this is a power times a time.
This is a unit of energy, not of power.
1 kWChr = 3.6 x 106 J
Do not confuse Watts with kilowatt-hours.
Another interesting formula can be derived from the formula for
power. Since
P = W/t
P = Fd/t = F (d/t)
P = Fv
Where v is the velocity of the object. An assumption was made in this
equation, namely that the force and distance are in the same direction
(otherwise a cosè term is needed). However, it is a handy equation.
Example 5.2.18
What power is used to over come gravity and climb a 5 m ladder straight up in 8 seconds?
Assume a 60 kg person.
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Example 5.2.19
A box is pushed across a floor 5 m in 3 seconds with a force of 100 N. What power was
exerted?

Practice Problems

Example 5.2.20
An object (200 kg) is pushed by four forces, as given below. It moves 12 m at 45o North of
East. Find the work done by forces A, B, and C.
Force A = 30 N East
Force B = 15 N West
Force C = 8 N South
Force D = unknown

Example 5.2.21
A child slides down a snow covered hill on a sled for a distance of 100 m. If the child+sled
has a mass of 50 kg, the hill has an angle of 15 degrees from the horizontal, and the
coefficient of sliding friction is 0.12, how much work did gravity do on the child? How
much work did friction do? How much work did the normal force do?

Example 5.2.22
A force given by F = (10 N)î + (6 N)¯ acts on a particle as it moves with a displacement of
Äd = (2.5 m)î + (1.3 m)¯. Find the work done by the force.

Example 5.2.23
A small (4 kg) meteorite falls from a very far distance (consider its initial radius to be
infinity) and crashes to the earth. While it is in the atmosphere (approximately 50 km) it is
affected by an average drag force of 3 N. How much work did gravity do on the
meteorite? How much work did the atmosphere do?
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Example 5.2.24
A Jack-In-The-Box consists of a doll on the end of a spring. If the spring has a constant of
500 N/m, how much work is required to push the Jack back 10 cm back into the box?

Example 5.2.25
Below is Force versus position graph for the motion of an object. Determine the work
done by the force.
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Example 5.2.26
Below is Force versus position graph for the motion of an object. Determine the work
done by the force.

Example 5.2.27
A small (0.3 kg) car is rolled along the track shown below. The coefficient of rolling friction
is 0.06. Find the work done by gravity and the work done by friction on the car.

LetsLearnPhysics

-

Chapter 5 -

Page 16

Example 5.2.28
A box is pushed with a power of 200 W and a force of 100 N. What is the speed at which
it is being pushed? What is the power exerted by friction on the box?

Example 5.2.29
A 2000 kg boulder rolls from rest down a 300 m hill which is sloped at an angle of 40
degrees to the horizontal. The coefficient of friction between the boulder and the hill is
0.1. What power was exerted by gravity in this situation? What power was exerted by
friction?

Example 5.2.30
In a factory, a conveyor below has to move 100 N boxes from the factory floor to the
second floor (5 m above the factory floor) for labeling. If you want the boxes to complete
the trip in 30 seconds, what power of motor must be used to run the conveyor belt?
Assume the belt operates at a constant speed, and the motor is 100% efficient.

5.3 - Kinetic Energy and The Work-Energy theorem
We have spent a great deal of time discussing work, but in
reality this was simply preparation for discussing our next concept;
energy. We will see the relation between work and energy in this
section. We start with a new definition, one that may be familiar to
you from your previous science classes: Kinetic Energy. Kinetic
Energy is defined as the energy of motion (never mind that we don’t
yet really have a definition of energy yet, most people have a
relatively good sense of what energy means). Mathematically,
K = (½)mv2
Notice how the kinetic energy depends on the mass of the object and
also on the velocity of the object. However, since the velocity is
squared, the velocity has a greater effect than the mass. Consider
the following (easy) conceptual questions.
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Example 5.3.1
Which has more energy, person A who is running at a set speed, or person B, who has
twice the mass of person A but is only running at half the speed?

Example 5.3.2
If damage in a car crash is roughly related to the kinetic energy of the car before the
collision, how much worse is a collision at 40 mph compared to 20 mph? How about 60
mph, compared to 20 mph?
A quick look at the formula will tell us that the units of kinetic
energy are the same as the units of work: Joules. Let’s do a quick
calculation problem to show the values.
Example 5.3.3
If a bullet (100 g) is traveling at 300 m/s, what is its kinetic energy? How fast would a
2000 kg car have to travel to have the same kinetic energy?
There are also some other different units that occasionally are used
to measure energy (though it is rare to see them used to measure
work). They are:
erg (1 erg = 1 g.cm2/s2 = 10-7 J) - an erg is like a mini-Joule,
and is a CGS unit
electron volt (1 eV = 1.6 x 10-19 J) - an eV is a very, very small
unit of energy that is often used with atomic or nuclear
measurements.
calorie (1 cal = 4.184 J) - the is a unit often used in
chemistry, and it is based off the energy required to change the
temperature of water.
Of these units, the Joule is the most commonly used unit in Physics
classes, and in later chapters the eV will be used a great deal.
The reason we introduce kinetic energy in this chapter is because
work is very closely tied to kinetic energy through what is called the
“work-energy theorem.” This theorem states that the work done by the
net force on an object is equal to the change in kinetic energy of the
object.
Wnet = ÄK = ½mvf2 - ½mvi2
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This makes for a very handy way to get from the kinetic energy of an
object to the work done on the object. An astute student will notice
that this is actually nothing new, since we could always get from one
to the other by using the equations of one dimensional motion and
Newton’s second law. However, this makes things more convenient.
One comment should be made here, and that is that the work-energy
theorem works regardless of whether or not the force is constant. So
if a problem involves a variable force, say a spring, we simple add
the work to the total in the formula above.
There really isn’t much more to say, we just need to do some examples
to become more familiar with this idea.

Example and Practice Problems
Example 5.3.4
A 100 N box is pushed across the floor (ìk = 0.4) by a force of 75 N for a distance of 4 m.
What is the speed of the box at the end of that time, assuming it starts from rest?

Example 5.3.5
A 2 kg rock is dropped from a second story window (10 m above the ground) and imbeds
itself 4 cm into the dirt below. Using only the work energy theorem, find the speed of the
rock when it hits the ground, and the average force the ground exerted on the rock.

Example 5.3.6
A 1500 kg car is traveling down a road at 20 m/s when it encounters a patch of gravel that
slows the car to 18 m/s. If the patch of gravel is 2 m long, what was the average force
exerted on the car by the gravel?
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Example 5.3.7
An experimental "sling shot" launch pad launches a rocket as shown below. It applies a
force of 10,000 N to the 800 kg rocket as it is accelerated up the launch pad. With what
speed does the rocket leave the top?

Example 5.3.7
A block is moving on a frictionless surface as seen below. It slides down the hill and then
encounters an area of friction as shown. Calculate the force of friction involved and the
coefficient of friction in the area.
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Example 5.3.8
A 1500 kg car traveling at 25 m/s hits a barrier designed to stop the car by compressing a
spring. Assuming that car stops in 1.2 m, what is the constant of the spring?

Example 5.3.9
An object is at rest, and is affected by the force shown in the graph below. If the object
has a mass of 10 kg, what is it’s final speed at the end of 5 m? What is its final speed at
the end of 10 m?

5.4 - Conservation of Energy
Conceptual Treatment of the Conservation of Energy
Now that we have spent a great deal of time learning about how to
calculate work and what it means to do work, we need to turn our
attention to energy. As mentioned before, energy is one of the
central ideas of physics, and understanding how energy works and how
to use it to make predictions is essential. The best way to
understand how energy works and how it is conserved is to first
understand the conservation of energy from a conceptual standpoint.
We have learned that there is such a thing as kinetic energy. It
turns out that there is also another form of energy which is called
potential energy. Many different books have different definitions of
potential energy. Some of the very basic physics books define it as
“energy that is stored, or can be used, but is not being used”. While
this is an ok definition, it is not completely accurate. A better
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definition is below:
Potential Energy: the energy stored in
and thus the energy of position. When
the two objects is changed, the amount
change, and energy will be released or

the bond between two objects,
the bond (or distance) between
of energy in the bond will
absorbed.

Notice an important thing about potential energy in the definition
above: potential energy is always discussed as a change. We cannot
actually discuss the potential energy something has, we can only
discuss how much energy is released or absorbed when the object
changes its position. While we can’t say how much and object has, we
can say how much an object’s energy changes.
As an explanation, consider the gravitation potential energy of a
book. The book is bonded to the earth through gravity. If we raise
the book higher away from the earth, the bond between the book and the
earth changes and the energy in that bond increases. In this case we
say that the gravitational potential energy of the book has increased.
There are many different types of potential energies, as
discussed below. But the thing to remember about potential energy is
that potential energy is the energy of position, and it represents the
energy stored in bonds between objects. When the bond or position
changes, the energy changes.
Let us discuss the types of potential energy categories.
Gravitational Potential Energy: Every two objects attract each
other by a gravitational force. Thus every two objects have a
bond of gravity between them, and there is energy in that bond.
When two object change position relative to each other, they
change potential energy. In most cases, this is a very small
amount of energy, so it is often ignored. However, if one of the
objects is very massive, then the energy becomes significant. In
other words, we usually only discuss gravitational potential
energy with respect to an object’s bond to a planet (usually to
the earth). Thus lifting an object will change it’s
gravitational potential energy, and dropping an object will lower
it. Since we are actually discussing the bond between it and the
center of the earth, only the vertical height change of the
object counts. If an object is moved sideways, it does not
change its distance from the center of the earth, and thus does
not change its potential energy. Very often text books will just
call this energy “potential energy” instead of “gravitational
potential energy.” So, if a problem mentions potential energy
but does not specify which type, they are referring to
gravitational potential energy. If two objects get further away
from each other, the gravitational potential energy increases.
Examples: As the ball rolled down the hill, its gravitational
potential energy decreased. As the helicopter rose in the sky,
it gained potential energy. As the boat sailed by, its potential
energy did not change.
Chemical Potential Energy: Compounds (and formula units) are made
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up of many atoms held together by forces. Since these forces are
bonds, they hold potential energy. Each bond contains a certain
amount of energy, and if the bonds are changed (as in a chemical
reaction), then the energy changes. If the new bonds have less
energy than the original bonds, then energy will be released (an
exothermic reaction, as you learned about in chemistry). If the
new bonds have more energy than the original bonds, then energy
was taken in by the reaction (endothermic reaction). Anything
that is powered by a chemical reaction is powered by a change in
chemical potential energy. It should be mentioned that this is
not actually its own form of energy, but is given its own
category because of how often it occurs in everyday life. In
reality, this is a form of electromagnetic energy.
Examples: When you eat a candy bar, the chemical energy in the
candy is released into your body. As a car drives, it takes
chemical energy from the gasoline to give it kinetic energy.
When you turn on a flashlight, the chemical energy in the battery
is changed to electric energy and then to light energy.
Electromagnetic Potential Energy: This energy can take many
forms, but for the moment we will focus on the energy locked up
in an atom. If you recall, atoms are composed of protons and
neutrons in the nucleus and electrons orbiting the nucleus. The
electrons are held in their orbit by electromagnetism (the
electric force). In fact any two charged objects will have a
bond between them and thus will have electromagnetic energy
locked up in that bond. If you remember from chemistry, when an
electron changes orbits, light is either given off or absorbed.
This is because changing orbits requires a change in
electromagnetic energy, just like changing the position of a book
changes its gravitational energy. Also like gravitational
energy, moving the charges further apart increases their energy.
Nuclear Potential Energy: Inside a nucleus are protons and
neutrons, all held together by something called the “strong
nuclear force.” This means that if change the positions of these
particles, then the forces between them change, and energy is
either released or absorbed. This is what occurs in a nuclear
reaction. In a nuclear reaction, the end products have less
energy in their bonds than the original reactants did. This
energy has come out in some other form.
Notice a few things about potential energies, as described
C
When you change the bond, you change the energy.
C
When you change the position of an object, its energy
C
Each major force (gravity, electromagnetism, nuclear)
form of potential energy.
C
Potential energy can only be considered when a change
there is no “absolute” potential energy.

above:
can change.
has its own
occurs -

In actuality, there are really only two types of energy in the
universe: kinetic and potential. However, just we did with chemical
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energy above, it is often helpful to break these energies down into
more categories to make them easier to discuss. A few of the most
common, extra energy categories are listed below:
Kinetic Energy: When an object is in motion, it is said to have
kinetic energy. If it speed goes down, its kinetic energy goes
down.
Rotational Kinetic Energy: When an object is spinning, it is said
to have rotational kinetic energy, based on its angular velocity.
Just like regular kinetic energy, when the velocity goes down, so
does the rotational energy.
Sound: Whenever a sound is made, energy is carried by the sound
wave from one location to another.
Light: Whenever light is made, it is carrying energy through an
electromagnetic wave from one location to another.
Heat: When an object’s temperature changes, heat energy is
transferred into or out of an object. If an object’s temperature
goes up, heat energy of the object increases. It is interesting
to note that heat energy is also a type of energy that is only
measured in changes (like potential energy). We cannot determine
absolute heat, but we can determine how much the heat energy has
changed.
Mechanical: Although not a actual form of energy, many books
include this “catch all” category of mechanical energy. It can
be roughly defined as energy stored in a device or object by
mechanical means. Examples would be the energy stored in a
spring that is compressed, or the energy stored in a stretched
rubber band, or the energy in one of those wind up toy cars.
Some books include rotational kinetic energy in this category.
Now that we understand the different types of energy, we can get to
the real “meat” of the chapter, which is the Law of Conservation of
Energy.
The conservation of energy is the one law in physics that truly
unites all its disparate parts into one complete whole. Later it will
be amended to include the conservation of mass and energy (the work of
ol' Albert) to become the one law in the universe that appears to have
no exceptions (yet found). It is also a very misunderstood law,
judging from the number of patent applications that reach the U. S.
patent office each year for machines that violate this principle. In
fact, this is one of the first things that the patent office checks
for in eliminating extraneous and fanciful patent applications.
This law has many forms and each book has its own wording, but it
can be summarized as:
The total energy of a closed system must remain the same.
The energy in the system can change forms but can never be
created or destroyed.
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This simple statement truly represents the beauty of Physics. It is
concise and straightforward and carries hidden beneath its surface the
power and majesty to explain much of the physical world. Also hidden
behind its simplicity lies complexity. To truly understand the
meaning and ramifications of the conservation of energy would take
more than one lifetime.
Before we do some qualitative examples, we must first issue a
warning and a definition. Notice the words "closed system". A system
is a group of objects that is being considered as one thing. A closed
system means that nothing can enter or leave the system. Very often
this fact is overlooked. For example, if our system was a car, then
we must also include the road, the exhaust, and the air in our system
to consider it closed, otherwise things would be affecting the car and
leaving the system.
At this point, we should take some time and learn to use the
conservation of energy on a conceptual level. We do this by
remembering that the total energy must remain the same, thus any loss
in one area must be made up by a gain in the other and any gain must
be accounted for by a loss. In other words, we can make predictions
about the outcome of situations by examining what energy is present at
the beginning of a scenario and then looking at what changes. The
total must remain the same, thus any increase must be accompanied by a
decrease. In each of the situations below, explain what losses or
gains occur as the situation progresses. Below are some notes to keep
in mind which might help in explaining these cases.
Reminders Regarding Energy Changes
1.) If there is any height change, there is a change of
gravitational potential energy.
2.) If the object changes speed, there is a change of kinetic
energy.
3.) If fuel is consumed, there is a loss of chemical potential
energy.
4.) If friction is present, there is energy lost to heat and the
surroundings.
5.) In explosions, there is a gain of sound, light and potential
energy (bending objects, etc) and usually a loss of either
chemical, kinetic or potential.
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Example 5.4.1
Describe the motion of the ball on the hill below according to the conservation of energy.

Example 5.4.2
Explain, using the conservation of energy, what is occurring when a car rolls down a hill
(with the motor off), hits a lamp post and drives away (only consider friction while the car is
driving).
After doing the above example, it is interesting to ask what other
potential energy exists in the car.

Example 5.4.3
Explain, using the conservation of energy, what occurs when a car traveling down a
highway hits its brakes and comes to a stop.
This result shows how wasteful braking is. It takes all your kinetic
energy and simply discards it as heat. Wouldn’t it be better to take
your kinetic energy and store it in a location where you could
retrieve it later when you wanted to drive again. This is exactly the
principle behind flywheels and regenerative braking in electric cars.
Perhaps an astute student has noticed a pattern here about the
end result of all energy changes. It is worth thinking about.
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Example 5.4.4
Explain, using the conservation of energy, why a planet has different speeds in its elliptical
orbit around the sun.

Example 5.4.5
Explain what occurs in terms of the conservation of energy when a rocket takes off from
the earth and flies off to the deep reaches of outer space.

Example 5.4.6
Explain, using the conservation of energy, what happens when a helium balloon is
released and flies away. (This is a tough one...)

Example 5.4.7
When a sky diver jumps out of a plane, they pick up speed until they reach "terminal
velocity" and then continue at a constant speed. Explain this motion in terms of energy.

The Mathematics of the Conservation of Energy
The next step in our study of energy is to try to apply our
conceptual understanding of energy to a mathematical treatment. The
conservation of energy is presented in many different ways in
different text books. We truly believe the method of presenting it
below is the easiest to understand, but it might not match your text
book exactly, so be sure to make note of the similarities and
differences.
Before we can use the conservation of energy mathematically, we
will need to know the formulas for each type of energy. Our treatment
here will introduce one new type at a time, and add them to our
conservation equation as we do so.
Gravitational Potential Energy
There are two gravitational potential energy formulas to use,
although the vast majority of the first year physics text books only
introduce one of them in their energy chapters. This first formula is
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only applicable near the surface of the earth. In other words, since
it uses g = 9.8 m/s2, it is only good as long as that acceleration of
gravity is correct.
For example, it is perfectly acceptable to use
this formula for a book being lifted up on to a shelf, or even a car
driving down a mountain, but it would not be acceptable to use this
equation for a satellite crashing back to earth. In the last example,
the gravity would change significantly from beginning to end, thus the
equation would not give the correct answer.
Side note: it would be fine to use this equation in any situation
where the gravity does not significantly change from beginning to end,
even if the situation is not on the earth. In that case, you would
just use a different value for “g”.
Let us remember that potential energy has a sign associated with
it (unlike kinetic energy which is always positive {why?}).
Potential energy changes are negative if the object moves
down (in the direction of gravity) and positive if the object
moves up (against gravity).
The formula for potential energy (abbreviated with a ÄU) is:
ÄU=-mgh
Where h is the vertical height change of the object. Note that
without a height change, ÄU=0. This gives us a very informative
example of how much energy is in one Joule. If we moved one small
apple (about one Newton) up in the air one meter, we would have
increased its potential energy by about one Joule. Remember this
analogy and think about it as you do energy problems. One Joule is
raising one apple one meter in the air.

Example 5.4.8
A 15 kg book is dropped from a window, 10 m to the ground. What is its change in
potential energy? Express in all units of energy.
The h in our potential energy equation was defined as the
vertical height change. By vertical, we mean only the height change
in the "y-direction", against or with gravity. In other words, we
don't care what path the object took, we only care about the
difference in height above the ground between the starting and ending
points. The example below demonstrates this principle.
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Example 5.4.9
The same book is raised up 10 m at a 300 angle. What is it change in potential energy?

The second equation for a gravitational potential energy change
is almost never taught in this section in a first year physics course.
We mention it here just in case your teacher chooses to include it.
This equation covers the situation where an object moves from one
point to another and the gravity changes as it moves. In other words,
if the gravity is not a constant 9.8 m/s2, then we can’t use ÄU = mgh, and instead we would use (just as we did in the section on work):
ÄU = -(Gm1m2/rf) + (Gm1m2/ri)
Where rf is the final distance between the two centers of the objects,
and ri is the initial distance. A quick reminder of how to use this
equation is given in the example below.

Example 5.4.10
A 200 kg satellite falls from its orbit 250 km above the surface of the earth. When it
strikes the surface of the earth, what was its change in gravitational potential energy?

Now that we understand kinetic and potential energy, we can
introduce the mathematical conservation of energy. Our first equation
has a special name, and is often called the “Conservation of
Mechanical Energy”. Since the conservation of energy says that in a
closed system, the total energy must remain the same, we can write:
ÄE = 0
or
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ÄKE + ÄU = 0 (the Conservation of Mechanical Energy)
There is a restriction on this formula, and that is that it can only
be used if the only external force on the system is gravity (no
friction, no loss to heat, etc). We can also expand this equation by
replacing the deltas with final minus initial values:
ÄKE + ÄU = 0
KEf - KEi - mgh = 0
(½)mvf2 - (½)mvi2 - mgh = 0
Let’s try some examples:

Example 5.4.11
A 30 kg boulder rolls down a hill that drops 100 m vertically. What is the speed at the
bottom of the boulder at the bottom of the hill?
Notice something about this example. First notice that we did not
need the angle of the hill. In our previous methods of solving this
problem, we would have needed the angle of the hill to calculate the
acceleration. This is one of the advantages of using energy formulas
to determine motion. The energy formulas are much broader in scope
and often easier. In fact, there will be many problems you will
encounter in our energy section that could also be solved using motion
equations. Below is a set of guidelines to help you decide which
would be easier:
Suggestions of When to Use the Conservation of Energy
1.) Time will not usually enter into an energy problem, there
will just be a before and an after.
2.) If acceleration is not constant, energy is the easiest
method to use.
3.) If motion is not following an easily defined path, it will
often be too complicated to solve the problem using the motion
equations. Instead, use energy considerations.
4.) If forces are specified, using the motion equations is
usually the easiest way to solve the problem.
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Example 5.4.12
A frictionless roller coaster starts at point A with an initial velocity of 2 m/sec. What will be
its final speed at points B, C and D?

The next example is a very common type of problem that involves the
conservation of energy used in conjunction with the sum of the forces.

Example 5.4.13
Tarzan, King of the Jungle, jumps off a cliff while hanging on a vine, as shown in the
diagram below. If Tarzan has a mass of 100 kg (all muscle, of course), and the vine is 18
m long, what is the tension in the vine at the bottom of his swing?
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Example 5.4.14
A 20 kg box slides down a frictionless hill and across a flat area with a coefficient of kinetic
friction of 0.3. The box comes to rest after 5 m on the flat area. What was the height of
the hill?
It should be noted here that the formula given above is only one
of many different ways to write out the conservation of energy. A
very popular way for students to solve this type of problem is just to
use the idea of the Conservation of Energy, along with a dose of
common sense, to write out their own equation. For example, the
thinking on the second half of problem 5.4.14 might have gone as
follows:
When it reaches the bottom of the hill, it has all kinetic
energy, given by (½)mv2.
This energy comes from potential energy, and since it had no
kinetic at the top of the hill, the potential loss must equal the
kinetic gain. Thus:
mgh = (½)mv2
This method is perfectly acceptable, and in some ways preferable to
writing out the pervious equation blindly from memory. One word of
warning, however, is that if you are writing your own equations, be
careful about the positives and negatives. For example, in the
equation above we left out the negative sign on the potential energy.
We did so because our logic said “the potential LOSS is equal to the
kinetic GAIN”. In order to write out the correct equation, we needed
to make a gain equal a loss, which required changing the sign on one
of them.

Including Other Forms of Energy in the Conservation
of Energy
Conservation of Mechanical Energy is a very useful idea, but as
was mentioned previously, it is restricted by the fact that the only
force allowed on the system is gravity. It would be much more useful
if we could include other forms of energy in our conservation law. To
do so, all we need is to remember a simple definition:
Energy is the ability to do work.
What this means is the for all practical purposes, work and energy are
interchangeable. Technically, they are not really the same thing, but
for the first year physics student, work and energy are the same
thing. What this means is that any problem that asks you to find the
work done can be solved by finding the energy, and visa versa.
This
is a very important point and one that should be remembered in order
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to make solving some of the problems easier.
Since work and energy are interchangeable, we can add the
following to our equation for the conservation of energy:
W = ÄE
W = ÄKE + ÄU
then, on the work
want to include.
textbooks include
these in light of

side, we can
The two most
are friction
the previous

include any other factors that we might
common factors that standard physics
and springs. Let us look at each of
section on work.

Work done by a spring = (½)kÄx2
positive if the spring releases energy, negative if it
stores energy
Work done by friction = (-)FfCd
this should be negative since the force of friction and the
distance are almost always opposite directions.
We can combine these ideas together and write one overall equation:
ÄKE + ÄU + (½)kÄx2 - FfCd = either 0 or Wextra
This one equation will allow us to do a number of problems, but each
term requires a little explanation.
ÄKE is the change in kinetic energy = ½mvf2 - ½mvi2
(note: positive if it gains speed, negative if it loses speed)
ÄU is the potential energy change = -mgh
(note: positive if it gains height, negative if it loses height)
½kÄx2 is the energy of any springs in the problem
(note: positive if the spring gains energy, negative if it loses it)
Ff•d is the work done by friction
(note: there is a negative sign in front, it should always be a
negative answer)
This equation is always either equal to zero or Wextra. It is equal to
zero if there is nothing acting in the situation except for gravity, a
spring, and friction. If anything else is going on in the problem
(rocket engine, motor, person pushing, etc) then you put in the
formula for work done by that thing here (W = F•d). Let us try a few
examples.
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Example 5.4.15
Someone forgets to set their parking brake, and their car rolls down a hill with friction. The
hill has a vertical height of 25 m, and a length of 250 m. If the car has a mass of 2000 kg,
and it reaches the bottom with a speed of 2 m/s, how much energy was lost to friction?
What was the average force of friction during this time?

Example 5.4.16
A 1.5 kg ball is dropped from a height of 5 m onto a spring. As it falls, and average force
of 4 N acts on the ball due to air resistance. If the spring has a constant of 400 N/m, how
far is the spring compressed?

Example 5.4.17
A 50 g ball is placed in a spring loaded contraption that fires the ball across the floor.
After 6 m, the ball comes to a stop. If the spring had a constant of 400 N/m and was
compressed 5 cm, how much energy was lost to air friction if the floor had a coefficient of
rolling friction of 0.07?

Example 5.4.18
A 1500 kg car is traveling down a hill that is sloped at 20 degrees to the horizontal
(assume the car is rolling, not using any power from its engines). Along the way it hits a
patch of gravel which is 2 m long. The car slows from 25 m/s to 20 m/s because of the
gravel and because the panicked driver hits the brakes. If the coefficient of friction
between the car and the gravel is 0.3, what force did the brakes give to the car?

The Conservation of Energy and Heat
This next section includes a treatment of the conservation of
energy that is left out of most first year physics text books.
However, since it involves concepts that are generally taught in
Chemistry class, the ideas might be included in your teacher’s
treatment of the conservation of energy. This section should be
considered optional, and students should make sure that their teacher
plans on including it before spending time learning the ideas.
There is another type of energy that we need to introduce;
heat energy. Although technically all forms of energy are either
kinetic or potential (heat is actually a combination of the two, which
is difficult to understand at its most basic level), it is often
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convenient to label a special case as its own category. In this
section we will define heat energy as the energy that is either given
off or absorbed when a material changes temperature or undergoes a
phase change.
You may remember the formula for calculating the heat required
for a rise in temperature from Chemistry. It is:
H=mcÄT
Where m is the mass of the sample, c is the specific heat of the
material and ÄT is the temperature change. Notice that this form of
energy is another delta or change. We will not be talking about
"absolute" heat, only the changes in heat energy that occur when the
temperature is changed. In this way, heat is like potential energy.
The specific heat (C) of a material is a quantity that measures
how much energy it takes to raise the temperature of a certain amount
of a material. The units for specific heat (in the mks system) are
J/kg.0C. Unfortunately, for historical reasons, specific heats are
often measured in J/g0C, so the student should be aware of possible
unit traps in these sorts of problems. The specific heat is obviously
material dependent, different materials have different specific heats,
but less obviously it is pressure and temperature dependent.
Technically, the specific heat of an object changes as the temperature
changes. If we were to take that into account in our problems, the
solution would be much more complicated (and require calculus).
Fortunately, for solids and liquids, the temperature dependence (and
pressure dependence) is small and thus we can treat it as a constant.
In all our problems (even those occasional ones that involve gases) we
will use this approximation. It is also important to note that
different phases have different specific heats. In other words, the
specific heat of water (liquid) is different than the specific heat of
ice (solid) which is also different than the specific heat of steam
(gas). An interesting (yet relatively easy) question for the student
to consider is why we use degrees Celsius in specific heat instead of
Kelvins.

Example 5.4.19
How much energy does it take to raise the temperature of 100 g of water from 20o to 70o C
(specific heat of water: 4190 J/kg0 C) Give an example of this amount of heat by
comparing it to lifting apples.

Besides the fact that the specific heat changes after a material has
undergone a phase change, there is another factor to keep in mind.
Phase changes require extra energy. In other words, when water goes
from liquid to gas, there is an extra burst of energy needed (quite a
bit, actually) just to affect the phase change. This energy goes to
rearranging the structure of the material and does not cause the
temperature to rise. The student may remember a graph that is often
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discussed in chemistry classes, that looks like this:

This graph shows that when energy is added to a sample, its
temperature rises until it reaches a phase change. At that point,
energy is going into the material, but its temperature is not
changing. This is the extra energy required simply to affect the
phase change. There is one main assumption here, which is not often
mentioned. The sample must be being heated evenly throughout the
entire sample. In reality, this is very hard to accomplish.
This extra energy needed for a phase change is given by the
equation:
H=mhf
or
H=mhv
Where hf and hv are the heats of fusion and vaporization,
respectively. The heat of fusion is used when the phase change is
from solid to liquid (-hf is used from liquid to solid) and the heat
of vaporization is used from liquid to gas (-hv is used from gas to
liquid). These constants, like specific heat, are material dependent.
The example below illustrates how to use these.

Example 5.4.20
How much energy is required to melt a block of ice (75 g) that is originally at -15o C and
bring it up to 750 C (specific heat of ice = 2220 J/kg0C, heat of fusion = 333 J/g)?
Now that we know how to calculate heat energy, we can connect it to
all of our other forms of energy using the conservation of energy.
Last time we looked, our conservation of energy equation looked like
this:
ÄKE + ÄU + (½)kÄx2 - FfCd = either 0 or Wextra
All we need to do is to add another term to the right hand side:
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ÄKE + ÄU + + ÄH +(½)kÄx2 - FfCd = either 0 or Wextra
and we can use our ÄH = mcÄT or ÄH = mhf,v equations as needed.
Remember to watch the signs, the final heat should be positive it the
temperature goes up, or heat goes into the system. Let’s try a few
examples.

Example 5.4.21
A 1500 kg car traveling at 25 m/sec slows to a stop without skidding. If the brakes are
made of aluminum (3 kg, c = 0.9 J/goC), how much does the temperature of the brakes
rise in order to stop the car? What factors might affect this answer in real life?

Example 5.4.22
A 150 g bullet (made of a metal with c = 0.6 J/goC) is fired from a gun at a speed of 600
m/s, from the top of a hill 50 m high. The explosion causes the temperature of the bullet
to rise to 150o C. If the bullet reaches the ground with a speed of 500 m/s, what is the
final temperature of the bullet, assuming that half of all the heat generated by friction with
the air goes into the bullet.

Example 5.4.23
A 200 g ball of lead (c = 0.138 J/goC ) is dropped from 5 m into a cup containing 500 ml of
water. If the ball starts out at 80o C and the water starts out at 23o C, what is the their final
temperature?

Some Final Details about the Conservation of Energy
Before we leave the topic of the conservation of energy, we
should spend a little time reviewing some previous concepts and
discussing on new detail about energy conservation.

Conservative vs. Non-Conservative Forces
Some text books put a great deal of stress on differentiating
between conservative and non-conservative forces. While this is a
very important conceptual idea, it rarely will come into play during a
mathematical problem in a first year physics course. However, it is
worth discussing here for a short time.
A conservative force is a force that does the same amount of work
regardless of the path taken between two points. Consider gravity,
for example. If you move a box 1 m up in the air the work done is W =
-mgh. If you move a box 1 left, 2 m up, 1 m right, and 1 m down, you
end up in the same spot and the work is the same. We mentioned this
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before as the concept of “path independence.” Thus gravity is a
conservative force. A non-conservative force is a force which
produces work that is not path independent. For example, friction is
a non-conservative force. The amount of work that friction does
depends greatly on the path the object follows.
The reason we make a distinction between conservative and nonconservative forces is because conservative forces always have a
potential energy associated with them. For example, gravity has
gravitational potential energy. The electric force has electric
potential energy associated with it. Non-conservative forces have no
potential energy associated with them. There is no such thing as a
frictional potential energy.
What this means is that if we are using a conservative force in
our energy equation, it will have it’s own, special equation (just
like gravity does with -mgh). If we have a non-conservative force,
then we have no special equation. The best we can do is to substitute
the work formula for the energy formula (W = FCd) in these cases.
This brings us to a second review item that should be stressed
over and over again: Work and Energy are almost interchangeable ideas
in a first year physics class.

When you are asked to find the work, you can find the
energy instead if it is easier, and if you are asked to find
the energy, you can always find the work. The two ideas are
(almost) interchangeable.
Now, many physics teachers might cringe at this idea, because there
are actual differences between work and energy, and I don’t want
students to get the wrong idea here. But you almost can’t go wrong in
a first year physics course if you just think of the two ideas as the
same thing, with two different formulas.

Efficiency and Power
We have, in a previous chapter, introduced the idea of power. We
defined power as the rate at which work is done. Since we have now
shown that work and energy are interchangeable, it would make sense
that power is also energy over time, or the rate at which energy
changes
Power = Energy/time = J/s = Watts
In fact, power is most often used with energy ideas, not necessarily
with work. Most power problems involve energy.
Another idea that is used very often in physics classes is the
idea of efficiency. In fact, very often this idea is used without
much definition, since it is such a universal concept that some
physics books assume you already know exactly what this is. However,
let us take a few minutes to review this idea.
Efficiency is sort of a common sense idea, generally given in
percentage. It is what comes out of a system versus what went into
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the system.
Efficiency = (What came out)/(What went in) x 100%
or another way of phrasing this would be
Efficiency = (useful energy increases)/(total energy decreases)
Consider the following examples:
1.)

2.)

How would you calculate the efficiency of a refrigerator? You
would find the useful things it does (lowering the temperature of
the inside - a change in heat energy) and divide by the energy
used (the electrical energy).
How would you calculate the efficiency of a car? Find the useful
energy increases (kinetic and the work done to counteract
friction) and divide by the chemical energy used.

Efficiency is used quite a bit in energy problems, as shown below.
Example 5.4.24
A ball rolls down a frictionless incline and compresses a spring at the bottom. The spring
then shoots the ball back up, but some energy is lost in the transfer. If the ball is 2 kg, the
spring has a k=1200 kg/sec2 and is 75% efficient in its energy transfer,
a.)
b.)
c.)

how much is the spring compressed?
how fast is the ball going when it leaves the spring?
how high does it rise?

An interesting, albeit slightly complicated, note can be made
regarding part c in the problem above. Part c can be most easily done
if we recognize two things: that any point can be our initial point
and that the variable h in our ÄU equation is a linear variable (its
exponent is one). Since we can call our initial point the very
beginning and since the only loss of energy occurs in the spring, the
ball will return to 75% of its initial height (because it will have
only 75% of its initial energy). This works only because h is a
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linear variable, thus whatever changes occur (percentwise) to the
energy will also occur to the height. If the height were squared,
this would not work (the answer would be the square root of 75% times
the original velocity).
Let us try one more power type efficiency problem before we move
on.
Example 5.4.25
What average power is used to lift a small (2000 kg) airplane to an altitude of 2000 m and
a cruising speed of 60 m/s in two minutes if the engines are 46% efficient? Ignore the air
resistance in this example.

The Second Law of Thermodynamics
It has been stated that energy can neither be created nor
destroyed but can change forms. In real life we always encounter
friction, thus there is always some energy "lost" to heat. In fact,
there is a law which explains this in detail. Before we discuss it,
however, we need to talk about different kinds of heat energy.
Heat energy can be classified as either useful or useless heat.
Useful heat energy is heat that can be turned into another type of
energy. For example, a car turns the heat energy of the exploding
fuel into kinetic energy of motion. Useless heat energy is energy
that cannot be turned into any other form. Once energy is changed
into useless heat, it remains there forever. Useless heat is the
grave of energy (the actual explanation of why energy is useless is
fairly complex but can be simplified into saying that heat can only be
used if there is a difference in heat between two objects, useless
heat is when both objects are heated, thus they cannot exchange heat).
The second law of thermodynamics says:
Every time an energy change takes place, some energy is
converted to useless heat.
Thus we "lose" energy whenever an energy change occurs. This energy
can never be used again. The wording above is not actually the
wording of the law itself, but rather a paraphrase. Many physicists
state this law as "There is not such thing as a free lunch", meaning
that every time a change takes place, you have to pay with useless
heat. You can never have a 100% efficient conversion of energy from
one for to another. This is why perpetual motion machines are
impossible to construct (although many people still try - the patent
office is flooded with these every year - the second law is another
law the office uses to sort out frivolous patent applications). The
second law also deals with entropy, which you probably learned about
in chemistry class. Entropy is a measure of the disorder of a system,
in a way it is a measure of the useless heat. The second law says
that the entropy of a system must always increase. If we consider the
universe as a system, we can see that eventually we will run out of
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useful energy and we will be simply a hot ball of gas where nothing
can be done. This cheery prospect is often termed "heat death". Have
a nice day.

Practice Problems

Example 5.4.25
How much energy does it take a 1500 kg car to start from a stop and then climb a 100 m
high hill, if it reaches the top with a speed of 15 m/s?

Example 5.4.26
A ski jumper skis down a hill (assume without friction) that makes a 30 degree angle with
the horizontal. The run is 300 m long. a.) Assuming a perfect conservation of mechanical
energy, what should be their speed at the bottom? b.) At the bottom, the hill flattens out
and there is a 4 m long jump angled at 45 degrees. How far from the end of the jump
does the skier land?

Example 5.4.27
A marble is allowed to roll down a track (below) and then following the track it does a loopthe-loop as shown. Assuming a perfect conservation of mechanical energy, what is the
minimum height of the hill necessary?
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Example 5.4.28
A 25 kg box slides down a 4 m long hill that has a 30 degree angle with the horizontal,
after the hill it hits a flat level area and slows to a stop. If both the hill and the flat area
have a coefficient of kinetic friction of 0.1, how far along the flat section did the box travel?

Example 5.4.29
A 200 g ball is placed in a spring loaded launcher with a spring constant of k = 2000 N/m,
and the spring is compressed 8 cm. If the launcher is placed on the ground and angled at
60 degrees to the horizontal, what is the height to which the ball rises? What is the range
of the launcher? Ignore the height of the launcher in this problem.

Example 5.4.30
How much energy is required to fully melt 1 kg of lead that starts at 22o C? Specific heat
of lead = 0.138 J/goC , heat of fusion = 24.7 J/g, melting point = 328o C

Example 5.4.31
If you dropped a 100 g block of copper, heated to 150o C into a container of 500 ml of
water at 25o C, what would the final equilibrium temperature be? Specific heat of water =
4.19 J/goC, specific heat of copper = 0.386 J/goC

Example 5.4.3
A small metal bolts falls off an airplane (don’t worry, it wasn’t anything important...) that is
flying at 10000 m above the earth. If the bolt reaches the ground with a speed of 175 m/s,
how much energy was lost to heat? If half of that energy went into heating up the bolt,
what was it’s final temperature if it started at 2o C? Assume the bolt has a mass of 200 g
and is made of iron with a specific heat of 0.450 J/goC, you can also assume that gravity
does not change significantly so that -mgh can be used for an approximation.

Example 5.4.32
Repeat the above example using Newton’s Universal Law of Gravitation to find the actual
potential energy loss, and find a percent error for the approximation above.
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Example 5.4.33
How much energy is required to boil away an entire pot of water (mass = 1000 g) from
room temperature of 23o C? If this energy was used to power an elevator with 3 people
standing in it (mass = 600 kg), how high could it raise the elevator? If this energy was
used to power a 1500 kg car, how fast could it make the car go, assuming no friction?

Example 5.4.34
Suppose a (1750 kg) car took off from a stop and achieved a speed of 15 m/s while
climbing a hill that rose 100 vertical meters. If it traveled a distance of 2000 m fighting
against an average frictional force of 1000 N, what energy was consumed by the engine if
it was 35% efficient?

Example 5.4.35
A machine uses a 3000 W electric motor to lift thingamajigs (4 kg each) at a constant
speed from one floor of a factory to the next (3 vertical meters). If the machine is 68%
efficient, how many thingamajigs can be lifted in one hour?

Example 5.4.36
A spring loaded gun fires a small projectile (25 g) a maximum distance of 8 m along the
floor of the classroom when it is compressed 3 cm. If the spring is 75% efficient, a.) how
far would it fire the same projectile after being compressed 5 cm? b.)how far would it fire
a 40 g projectile? c.) If the launch takes 0.2 seconds, what is the power of the spring in
the first instance?

5.5 Advanced Energy Topics
The study of energy is actually the study of physics, thus to
give a complete treatment of energy in one chapter is impossible.
Energy is one of the most useful ideas in physics and one that any
student continuing in the sciences should strive to understand as best
they can. Different text books often throw in a short section on more
advanced energy topics near the end of the chapter on energy. A few
of those more advanced topics are covered here.

The Conservation of Mass and Energy
Most students have heard of Einstein’s famous E = mc2 equation.
While this is part of his Special Theory of Relativity, which we will
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not discuss here, it is worthwhile to gain a little understanding
about what he means by this equation.
According to modern physics, energy and mass are interchangeable
ideas. This might seem strange at first, but it has more or less been
proven that you can turn mass into energy and energy into mass. In a
philosophical way, this means that mass and energy are actually the
same things. Or perhaps a better way of explaining this would be as
follows: We used to think that the universe was made up of two things:
mass (stuff) and energy (forces). It would seem like in reality there
is only one thing in the universe (call it massergy - a little joke
there), which we are not really able to see directly. It shows itself
to us in two different ways - as mass or as energy. Changing mass to
energy is not really changing something really, it is making massergy
show itself in a different way.
We could spend pages and pages on this topic, but we need to
refocus ourselves on solving the actual problems. Just about the only
place where this mass-energy relation shows up in a first year physics
course is using something called the Conservation of Mass and Energy
in a nuclear reaction problem.
The Conservation of Mass and Energy states that “In a closed
system, the total amount of Mass and Energy must remain constant.
Energy might change forms, and mass might be converted to energy (or
visa versa) but the total amount must stay the same.”
In a nuclear reaction, a nucleus changes into a different
nucleus, or in th case of fission, it splits into two nuclei. An
interesting thing happens when this occurs. We find that the two
things produced actually have less mass than the original object.
Imagine taking a 5 kg brick, breaking it in two and ending up with two
2 kg bricks! That is what occurs in a nuclear reaction. Where has
the mass gone? It has been converted to energy, and this is the
energy that has been released in the reaction. We can find the amount
of energy by comparing the masses afterwards to the masses before and
then using E = mc2
With this basic concept, we can move directly into examples, but
it would be helpful to stop and discuss units for a moment before we
do. When dealing with nuclear reactions, there are two units of mass
that are very often used instead of kilograms. These are used because
they are more convenient than kilograms, which are very large compared
to the mass of a nucleus. These new units are:
1 u (atomic mass unit) = 1.66 x 10-27 kg
and
1 MeV/c2 = 1.78 x 10-30
or
1 u = 931 MeV/c2
An atomic mass unit is a very handy unit of mass and it is one that is
very often used. You may remember from chemistry that it is defined
as 1/12 the mass of a Carbon-12 atom. The important thing to remember
is that it is approximately the mass of one proton or election. In
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fact:
Mass of proton = 1.67 x 10-27 = 1.0073 u
Mass of neutron = 1.67 x 10-27 = 1.0087 u
Notice how we do not see a difference until the fourth significant
figure.
The weird looking unit of MeV/c2 is actually a very handy unit
for these exact types of problems. Notice the c2 on the bottom of the
fraction. This allows you to multiply by c2 very easily (as in E =
mc2). So if something has a mass of 15 MeV/c2, and it was entirely
turned into energy, it would produce 15 MeV of energy (recall that eV
was a unit of energy, as defined earlier in this chapter).
One other note, while the values of the mass of the proton and
neutron are given above (the mass of the electrons are generally
neglected), any other masses would usually be given in the problem (or
else they would have to be looked up somewhere).

Example 5.5.1
(Note- the numbers in this problem are ridiculously high, the problem is just to make a
point.)
Imagine an atom with a mass of 4 g. After it undergoes nuclear fission, it splits into two
atoms, one with a mass of 1.58 g and the other with a mass of 2.2 g, and a neutron comes
free (pretend mass of 0.1 g). How much energy was given off in the reaction?

Example 5.5.2
In a reaction, U-238 absorbs a neutron and splits into Xe-140 and Sr-94, releasing two
neutrons. The masses are as follows:
U-238 = 238.0507 u
Xe-140 = 139.9216 u
Sr-94 = 93.9154 u
Find the energy released in the reaction.
The only other versions of these problems are fusion reactions and
binding energy. In a fusion reaction, you start with two smaller
atoms and combine them into one atom. This process will also release
energy, although there are a number of examples where the final
product has more mass the originals. In these cases, you are required
to put energy into the system in order to create the new atom.
Instead of finding the energy released, you would be asked to find out
how much energy it takes to produce the new atom.
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Example 5.5.3
It is possible to combine a H-1 atom with a H-2 atom to produce He-3. Find the energy
released in this reaction.
H-1 = 1.0078 u
H-2 = 2.0141 u
He-3 = 3.0160 u

The final type of problem is to calculate something called “binding
energy”. The idea is simple: If an atom is made up of X neutrons and
Y protons, it turns out that the atom is lighter than just the sum of
the masses of those components. The reason is that the atom has some
energy in the bonds, and so (in a way) some of the mass has been lost
and converted to energy. The Mass Defect is a term given to amount of
mass “lost”, and once converted to energy, this is called the “Binding
Energy”. Which makes sense, because this is the energy used to bind
the nucleus together.
Example 5.5.4
Calculate the binding energy of Li-7 (mass of Li-7 = 7.0160 u).

Practice Problems
Example 5.5.5
U-235, when bombarded by a neutron, can change into Kr-92 and Ba-142, while releasing
2 neutrons. How much energy is released?
U-235 = 235.0439 u
Kr-92 = 91.9261 u
Ba-142 = 141.9164 u

Example 5.5.6
If Al-27 is struck by alpha particles (He-4), they can fuse together and form P-30 and
release a neutron. How much energy does this reaction require or release?
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Example 5.5.7
Find the mass defect and binding energy for Sn-118.

Example 5.5.8
If you were to turn a quarter pound (113 g) hamburger patty into pure energy, how much
energy could be produced? New York City uses approximately 10,000 MW of power.
How long could a hamburger supply the power for New York City?

5.6 Potential Energy Graphs and Calculus
Applications
You may recall that we began our study of energy by discussing
forces and work. This allowed us to, if given a specific force, find
the work done and thus the change in potential energy that was
imparted. For example, knowing the force of gravity allows us to
calculate the work done in raising an object a specific height, which
then allows us to calculate its change in potential energy. This
means that if we know how a force operates, we can find the potential
energy. It would then follow that if we knew the potential energy of
an object, we could find the force that was affecting it (and
therefore find the acceleration, and the motion). Going from
potential energy to force requires calculus. The equation is simple,
and turns out to be;
F(x) = -dU(x)/dx
Or in words:
The force is found by taking the derivative with respect to time
of the potential energy. Please notice that we are discussing a
derivative and a force function that are both with respect to
position. If you have the potential energy with respect to some other
variable, it becomes a bit more complicated, but can be done. Most
first year physics courses do not cover this situation. Also notice
that this is a one dimensional situation. To expand this to three
dimensions, we need to use what are called “partial derivatives.”
These derivatives simply treat all variables other than the ones that
are being considered as constants and ignore them when taking the
derivative. In this case, we end up with:
Fx = MU/Mx, Fy = MU/My, Fz = MU/Mz
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Example 5.6.1
If the potential energy of a system follows the following function:
U = (32 J/m3)x3 + (3 J/m)x
What is the force acting on the particle? What is the equation for the acceleration of the
particle as a function of position (assume a mass of 3 kg)? What is the acceleration of the
particle at x = 4 m?

Example 5.6.2
If a particle undergoes a potential energy function of U(x) = (6 J/m2)xy + (3 J/m2)x, what is
the function of the force with respect to the x and y directions?

While this knowledge is of some use, and it shows a very important
connection between force and potential energy, it is not used very
often in first year physics classes, since the mathematical knowledge
necessary to make full use of it is not normally available to students
yet. But this does lead us to something that is somewhat more useful
and that is something called an Energy Diagram.
An energy diagram is simply a graph of an objects energy versus
position. It usually has two lines marked on the graph, one
indicating total energy, and one indicating potential energy. One
simple example is shown below:

Notice a few things on this graph. First, the total energy is a
straight horizontal line. This makes sense because the total energy
must be conserved and thus is a constant number. The second thing to
notice is that you can read the kinetic energy of the object from this
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graph as well, since potential plus kinetic always equals the total.
Thus the difference between the kinetic and the potential equals the
kinetic energy. By thinking about these types of graphs, we can reach
a few general conclusions about them (we will reference the graph
below in each case).
C

C

C

C
C

C

Any spot where the total energy line crosses the potential energy
line (point A) would be a location where the kinetic energy is
zero. This is called a turning point. In fact, this particle
cannot move to the right of point A, since there the potential is
more than the total and it would leave it with negative kinetic
energy.
Spots where the potential energy makes a dip, or a bowl shape,
(points B and D) are called stable equilibrium points. At this
spot the particle is in equilibrium (no net force) and this no
acceleration. It is called stable because if the particle is
pushed to the right or left, the force pushes it back to the
middle. This is like putting a marble at the bottom of a salad
bowl, move it slightly and it moves back.
Spots where the potential energy curve makes a hill (point C) are
called unstable equilibrium points. At this location the
particle is in equilibrium, but moving it to the right or left
would cause it to move away from the point. This is like a
soccer ball on a hill, move it slightly and it will roll down.
The level section is called a neutral equilibrium, since at that
point moving the object slightly has no effect. This would be
like a ball on a flat, level floor.
Notice that although the examples I gave match the physical shape
of the graph, these graphs are not the shape of things, they are
the graphs of the potential energy of an object. They may or may
not match the physical situation.
Since we learned that the force is the derivative of the
potential energy, it follows that the force is then the slope of
the tangent at any point. Thus at equilibrium points, the slope
is zero. As another example, at point A the force is highly
negative, since the slope is highly negative as well.

A very interesting physical aspect is shown by these graphs and by the
force being a derivative of the potential energy. It is natures way
of saying that in a given situation, a (conservative) force will
always push the system towards a lower potential energy situation. In
some way, nature tries to minimize the potential energy.

Practice Problems
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5.6.3
Given that a particle undergoing a certain force has a potential energy function of U = 34/x
+ 12sin(x), find the force acting on the particle as a function of position. (Units have been
left off to simplify the equation, be sure you have the correct units in the answer.)

5.6.4
If a particle is affected by a force that follows F(x) = 12x2 + 3x, what is the potential energy
function of this particle? (Units have been left off to simplify the equation, be sure you
have the correct units in the answer.) Explain why you cannot give a fully accurate answer
to this question.
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5.6.5
Below is graph of an objects potential and total energy as a function of position. Answer
each of the questions according to the graph. The energy units are in Joules and the
position units are in meters.

a.)
b.)
c.)
d.)
e.)
f.)
g.)
h.)

Locate all of the stable equilibrium points.
Locate all of the unstable equilibrium points.
Find any turning points.
Locate any neutral equilibrium points.
Determine the kinetic energy at -4 m
Determine the kinetic energy at +4 m
Find the value of the force acting on the object at 2 m.
If the object has a mass of 0.25 kg, what is the objects speed at 4 m?
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Homework Assignments
Homework 5.2 - Work
1.)

A 200 N box is pulled 2 m at constant speed across a floor with a
coefficient of friction of 0.5. It is pulled by a rope that
makes an angle of 30 degrees to the horizontal. Find the work
done by the rope on the box and the work done by friction on the
box.

2.)

An object starting from rest, is pushed by four forces, as given
below. It moves 12 m at 135o (45o North of West) Find the work
done by forces A, B, and C, and find the value of force D
(assuming that it points either north or south).
Force
Force
Force
Force

A
B
C
D

=
=
=
=

50 N East
85 N West
28 N South
unknown

3.)

A 100 N box is attached to a rope and pulled upward, accelerating
at 2 m/s2 for three seconds before leveling off at a constant
speed for the next 8 seconds. Find the work done by gravity on
the box, and the work done by the rope.

4.)

A 200 N box is pushed up a 3 m ramp with a force of 160 N. If
friction exerts a force of 50 N on the box and the ramp has an
angle of 30 degrees, find:
a.)
b.)
c.)
d.)
e.)
f.)

The work done pushing the box.
The work done by gravity.
The work done by friction.
The work done by the normal force.
The total work done on the box.
The power of the person, friction, and gravity in this
situation.

5.)

A force acts on a particle according to F = (100 N)î + (133 N)¯
and the particle moves 3 m in the x-direction and -5 m in the ydirection. Find the total work done on the particle.

6.)

A force acts on a particle according to F = (3.55 N)î + (-6.23
N)¯. It is observed to move 2 m in the x-direction and the force
does a total of 25.8 J of work on the particle. What is the
particles final location if it started at (0,0)?

7.)

A 10,000 kg rocket is launched from the surface of the earth to a
point halfway between the earth and the moon. Find the work done
by gravity of the earth on the rocket. If atmospheric drag acts
on the rocket and does exactly 25% as much work as gravity did,
what was the average force exerted by the atmosphere on the
rocket (assume the atmosphere is 50 km thick).
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8.)

A rock (2 kg) is tied to a 20 m bungie cord and dropped off a
bridge. The bungie cord can be approximated as a spring with a
constant of 50 N/m. When the rock reaches the bottom of its
fall, and the cord is fully stretched, the work done by gravity
on the rock and the work done by the bungie cord must be equal.
How far from the edge of the bridge does the rock stop?

9.)

The graph below represents an object being moved along two
different paths (A and B). By calculating the work done during
each section, show that the total work done by gravity along each
path is the same.

10.) The graph below represents an object moving under the influence
of a force. Find the work done by the force.
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11.) The graph below represents an object moving under the influence
of a force. Find the work done by the force.

12.) If a 500 N box is dragged across of distance of 10 m, with a
coefficient of kinetic friction of 0.3 by a force of 250 N, what
power was exerted by the person pulling it? What power was
exerted by friction?
13.) If you had the power of a 60 W light bulb, and the only force you
had to overcome while running was a force of 10 N of air
resistance, how fast could you run 100 m? (Assume no
acceleration).
14.) A 200 N box is placed at the top of a 2 m ramp with a coefficient
of kinetic friction of 0.3 and an angle of 40 degrees. What
power was exerted by gravity as the box slide down the plane?
What power was exerted by friction? (Assume that the static
coefficient is low enough that the box actually does slide down
the plane).
15.) A motor is used to lift a bale of hay (750 kg) from the ground up
to the second story (3 m above the ground) of a barn for winter
storage. If you want the lifting to take no more than 45
seconds, what power should the motor be capable of delivering?
Assume that the bale is lifted at a constant speed, and that the
motor is 100% efficient.

Homework 5.3 - Work-Energy Theorem
1.)

Which has more kinetic energy, a 1500 kg car moving at 20 m/s or
a 2000 kg truck moving at 10 m/s? How much energy does each one
have?

2.)

A 60 kg person jumps from a burning building to a trampoline 10 m
below. The trampoline extends 1 m to bring them to a stop. What
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was the work the trampoline did in stopping the person? What was
the average force exerted by the trampoline in stopping him?
3.)

A soccer ball (mass = 0.4 kg) is moving toward you at 1.3 m/s.
You tap the ball gently and it comes to a stop. If you kick has
an average force of 3 N, over what distance did you kick operate?

4.)

A 1500 kg car traveling at 20 m/s climbs a hill of vertical rise
4 m. During that time, it slows down to 19 m/s. What was the
total work done on the car by forces other than gravity?

5.)

A very powerful spring is used to launch a ball 4 m straight up
in the air. If the ball has a mass of 0.5 kg, and the spring has
a constant of 4000 N/m, how far must the spring be compressed?

6.)

A 145 g baseball is thrown to a speed of 35 m/s in 0.3 sec by an
arm that moves 0.9 m. What is the power exerted on the ball?

7.)

An object at rest is propelled by the force shown below and
reaches a speed of 15 m/s at the end of 12 m. What is the mass
of the object?
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8.)

A 3 kg object traveling at 10 m/s is affected by the force shown
below. What is its final speed at the end of 10 m?

9.)

A 4 kg object starts from rest and is accelerated by a varying
force. At the end of each meter, it is traveling at the speed
listed in the table below. Draw an approximate graph of the
force versus position for the object.

Position (in meters)

Velocity (in m/s)

0

0

1

3

2

9

3

16

4

25

5

29

6

32

7

32

8

29

9

20

10

5

10.) Decipher: "Rapidity of nuptualization can be bemoaned over an
extended period of terrestrial rotation." (DNCTHWG)
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HW 5.4 - The Conservation of Energy
1.)

If your hands have a mass of 1.5 kg each, how much energy is
given off in a hand clap (speed = 0.75 m/sec just before impact)?

2.)

Suppose a 30 kg cart is moving at 4 m/sec on the track below.
Will it stop before the edge or will it fall off ? (E5*)

3.)

If a 1500 kg car accelerated from 5 m/sec to 20 m/sec, how much
energy was released by the fuel if the car motor is 60%
efficient?

4.)

During a baseball game, the center fielder throws a ball at 32
m/s to the first baseman, who catches it at the same level. The
ball has slowed to 28 m/s during its travels. How much energy
was lost to friction?

5.)

If a 0.5 kg ball is dropped from a 20 story window (70 m) and is
traveling at 33 m/sec the instant before it hits the ground, how
much energy was lost to friction?

6.)

If a ball is pushed from the top of the ramp below at an initial
speed of 11.2 m/s, how long must the second, less angled ramp be
in order to bring the ball to a stop? (E12)
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7.)

Using energy considerations, determine the speed of block 1 after
it has fallen a distance h. (No friction, block 1 is more
massive than block 2)(E8)

8.)

A 60 kg weight drops from 6 m onto the machine below. The
machine transfers the energy from the falling ball to a 10 kg
ball that it shoots back up in the air. Neglecting air
resistance, how fast will the 10 kg weight be traveling when it
leaves the device and how high will it rise? (Imagine this to be
a perfect energy transfer.)(E10)
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9.)

On the set up below, a 4 kg ball is connected to a flywheel by
string so that it can slide(not roll) down the plane. The
flywheel has a radius of 7 cm. When the ball is released, it
slides down the plane and when it reaches the bottom, the string
comes off the flywheel, leaving it spinning at some angular
velocity. The ball reaches the bottom at 1.2 m/s.
a.) What is the amount of energy given to the spinning
wheel
by the block?
b.) What was the acceleration of the block down the plane?
c.) What was the angular acceleration of the flywheel?
d.) What was the flywheels angular velocity at the end of the
run?

10.) A ball is released on the ramp below, whose end
causing the ball to project outward and upward.
equation that gives the horizontal range of the
terms of the givens. Assume the ball lands at
from which it is launched and assume the height
ramp is negligible. (P16)

is angled up,
Derive an
projectile in
the same height
of the take-off

11.) A ball of clay drops from 6 m onto the ground and takes 0.04 sec
to come to a stop. What power was exerted as the clay stopped if
it had a mass of 300 g?
12.) If a 60 W light bulb is placed in a sealed container of 400 ml of
water, how high will the temperature of the water rise in 40 sec
(assuming that all the light is absorbed by the water as heat).
13.) After releasing the accelerator on your car, you notice that the
car slows about 5 mph every 3 sec. If your car has a mass of 900
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kg and was initially traveling at 55 mph, what is the power loss
due to friction that your car is experiencing during the first 3
seconds? During the second 3 seconds?
14.) A 100 g lead bullet is fired from a gun using 1000 J of energy.
What is the speed of the bullet when it leaves the gun, assuming
an 85% efficiency? The bullet then sticks into a 10 kg piece of
lead at 26o C, which is fixed in place. What is the final
temperature of the block, assuming a 100% efficient energy
transfer and a bullet that started out at the same temperature.
15.) A spring (k = 8000 N/m) loaded gun is placed on the ground and
will fire a 50 g ball of clay. The clay ball will hit and attach
itself to a thin (virtually massless) metal rod, causing it to
swing like a pendulum. How far must the spring be compressed so
that the pendulum will swing all the way around the circle?

16.) A freezer that is 60% efficient is used to cool water from 26o C
to ice at -10o C. How much energy is required to make 2 kg of
ice cubes?
17.) What is the power of a 1500 kg car that accelerates from 0 to 60
mph in 6 seconds?

LetsLearnPhysics

-

Chapter 5 -

Page 61

18.) A person sits on a large spherical, ice covered hill, as seen
below (no friction). They attempt to slide down the hill, and
find that no matter how hard they try, they always leave the
surface of the hill at the same angle. Determine that angle.

19.) A 2 kg block is projected across the table top by a spring loaded
mechanism. The spring has a constant of k = 750 N/m and is
compressed by 10 cm. The block travels a distance of 1.4 m
before coming to rest. Find a.) the coefficient of friction
between the block and the table, and b.) the power exerted by
friction.
20.) Decipher: "Those who purchase items on the open market must take
heed of the possibility of being deceived." (DNCTHWG)

Homework 5.5 - Extra Energy Topics
1.)

Find the binding energy and mass defect for Mg-26.

2.)

Find the binding energy and mass defect for U-238.

3.)

In a nuclear reaction, H-2 can be fused with H-3 and produce He4, while releasing a neutron. Find the energy released in this
reaction.

4.)

(The following reaction does not occur naturally, it is just used
as a hypothetical example.) Suppose a atom In-116 (115.9052 u)
splits into Zn-69 (68.9265 u) and K-47 (46.9617 u). Would this
require or give off energy? How much?

5.)

Suppose you could make a quarter (5.67 g) disappear into pure
energy. How much energy would be released? If you had to pay
$0.10 per kilowatt.hour for this energy, how much would it cost?

6.)

In a nuclear reactor that produces 1000 MW of electricity, how
much mass vanishes into energy in one day?
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Labs and Activities
Activity 5.1 - The Work-Energy Theorem
In this activity, a
work energy theorem. By
student will measure the
compute the work done to

computer interface will be used to test the
using a force sensor and a motion sensor, the
force on an object and the speed imparted and
the change in kinetic energy.

Procedure:
1.) Place a cart on the
and a piece of cardboard
motion sensor). Set the
time graph of the cart’s
graph.

lab table with a force sensor on top of it,
on the front (for better readings from the
motion sensor to produce a velocity versus
motion, as well as a force versus distance

2.) By lightly pushing the force sensor, make the cart travel the
length of the table.
3.) Since the force will probably not be constant, using Fd would be
difficult without calculus. We will thus use a different technique
for measuring the work done. Since W=Fd, it will also equal the area
under a force versus distance graph.
4.) Produce a force versus distance graph and find the area under the
curve. This technique is called integration (a calculus term). This
the work done.
5.) From a velocity versus time graph, find the final time in your
interval and determine the velocity.
6.) Find the )T (change in kinetic energy) for the cart and compare
it to the work done. You will, of course, need the total mass of the
cart (plus force sensor) for this calculation.
7.) Repeat the above procedure two more times, varying the way the
cart is pushed across the table.
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Activity 5.2 - Catch the Ball
In this activity, you will use the concepts you have learned in
projectile motion to attempt to position a target so that you hit it
in one try.
Warning: It is very tempting to cheat in this exercise. Do not
release the ball until your instructor tells you to do so.
Procedure:
1.)

Get a ramp, steel ball and Hot Wheels track from the instructor.

2.)

Position the apparatus as shown below.

3.) Use a piece of tape to mark a point about one inch from the top
of the ramp. Throughout the lab you will always release the ball from
this point.
4.) Measure the height of the table above the ground and then use
your knowledge of projectile motion and energy to determine the exact
location of the balls contact with the ground.
5.) When you are sure, your instructor will position a target (a
small egg) at the location you specify.
6.) Release the ball and see if it hits the target. If it does not
you must repeat the procedure with a new ramp until you hit the
target.
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Activity 5.3 - Energy Loss
In this lab you will attempt to find a relationship between the
number of bounces a ball undergoes and the amount of energy loss
during the bounce.
Materials:

Meter stick, "super" ball.

Procedure:
1.) Holding the meter stick vertical, drop the ball from the one
meter mark.
2.) Notice and record how high the ball returns on the second, third,
fourth, fifth and sixth bounce. Because of the quickness of the ball
and the occasional unpredictability of bounces, it may take a few
tries before you get an acceptable set of measurements.
3.)

Repeat the above step four more times.

Bounce
Number

Height
Before
Bounce

Height
After
Bounce

Energy
Before
Bounce

Energy
After
Bounce

Efficiency
of Bounce

1
2
3
4
5
4.) Measure the mass of the ball and determine the energy of the ball
before release. Fill in the remainder of the chart.
5.) Graph Efficiency versus height before bounce and attempt to
determine a relationship between the two.
6.) Graph Efficiency versus bounce number and attempt to determine a
relationship between the two.
Hints on Conclusions: Was this a very precise lab? Did your
relationships work out as expected? Do they make sense? Which
relationship is better? How can you make that determination? Attempt
to extrapolate using the mathematical formulae you determined. Does
this method of evaluation give you any clue as to which relation is
better?
General Notes: The actual relationship between bounce number and
energy loss is no easy thing to determine, thus this lab is simply a
crude approximation and a crude attempt to better
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understand energy and the results should not be taken too
seriously.
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Lab 5.1 - Conservation of Energy
Purpose: To see how gravitational energy can change to kinetic energy
and to evaluate the amount of energy lost to friction in a given
situation.
Procedure:
1.)

Set up a marble roller coaster track on the table, so that the
ball goes down one large hill and then rides across a straight,
level section of track for at least one meter. Measure the mass
of the marble and record it and the height of the hill as
measured from the table. Record the length of the straight
section of track.

2.)

Set a photogate to measure the velocity of the marble as it
reaches the bottom of the hill.

3.)

Release the marble and find its velocity at the bottom of the
hill.

4.)

Release the marble from the same spot again and find its velocity
at the end of the one meter section. (Steps 3 and 4 can be done
simultaneously if two photogates are available).

5.)

Record both velocities in the chart below.

6.)

Repeat the experiment two more times for different heights of the
hill.

Data: (to be recorded in class)
Mass of marble:_______________ (in kg)
Trial

Height
of Hill

Length of
Straight
Section

Vel at
Bottom of
Hill

1
2
3
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Vel at End of
Track

Make the following calculations and see if you can reach any
conclusions.
1.)

Find the potential energy of the marble at the top of the hill,
and the kinetic of the marble at the bottom and at the end of the
track.

Trial

Potential at
Top

Kinetic at
Bottom

Kinetic at End

1
2
3
2.)

Find a percent error between the kinetic at the bottom and the
potential at the top for each trial.

Trial

% error

1
2
3
3.)

Find a percent error between the kinetic at end and the potential
at the top for each trial.

Trial

% error

1
2
3
4.)

Find the energy lost going down the hill and the energy lost
going across the straight track for each trial.

Trail

Energy Lost Going
Down Hill
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5.)

Find the energy lost per unit length of the straight section of
track.

Trail

Energy lost/Length
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Lab 5.2 - Power
In this lab, you will determine power (or energy loss) in a
system and attempt to determine what (if any) factors affect it. You
will do so by setting up a system involving springs and a cart and
timing the amount of time required before the system comes to rest.
After doing so, you will determine the energy in the system before the
initial time and calculate the power of the loss of energy. You will
then repeat the experiment by varying one of two conditions: the
initial release point or the mass of the cart. Once you have
accumulated your data, you will graph energy loss versus the variable
and determine if a relationship exists.
Procedure:
1.) To begin, you must determine the spring constant of your set up.
To do so, take a spring and attach it to a weight. Allow the weight
to hang freely and measure how much the springs stretched. The
formula below (where m is mass of weight and Äx is distance stretched)
will give you the spring constant for the spring.
k = mg/Äx
You must do this for each individual spring and you should also
measure the unstretched length of the spring.
2.)

Set up the apparatus as shown below.

Measure the stretched lengths of the springs and calculate the energy
stored in the system. This will be your “final energy” after the
system has come to rest.
3.) Pull the cart about 10 cm from the center position and measure
the stretched lengths of the springs. Use this information to
calculate the energy stored (initial energy). Release the cart and
begin timing with the stop watch.
4.) When the cart come to rest, stop the clock and record the
information.
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5.) Repeat this three more times, finally arriving at an average for
the time.
6.) Use your formulas to determine the initial energy stored in the
spring at the beginning of the trial and then use that information to
determine the power loss.
7.) Repeat this procedure, starting the cart at 7 cm, 4 cm, and 2 cm,
from the center.
8.) From this information, graph power versus amplitude (distance the
cart was pulled from center) and determine if a relationship exists.
Only conclude that a relation exists if the pattern is obvious.
Spring Constant #1:

Length of Stretch:

Spring Constant #2:

Length of Stretch:

Final Energy of System:

Trial

10 cm
Time

7 cm
Time

4 cm
Time

2 cm
Time

1
2
3
4
Average
Trial

Time

Initial
Energy

Power
Loss

10 cm
7 cm
4 cm
2 cm
9.) Repeat the above procedure, this time varying the mass of the
cart. Begin with no extra masses on the cart and then add 50 g
increments until you have reached an extra 300 g (use 10 cm as
amplitude for each trial). When you are finished, do not forget to
measure the mass of the cart.
10.) Graph power loss versus total mass (cart + extra masses) and
determine if a relationship exists.
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Trial

Cart

Cart
+ 50g

Cart
+ 100g

Total
Mass

Average
Time

Cart
+ 150g

Cart
+ 200g

Cart
+ 250g

Cart
+ 300g

1
2
3
4
Aver.

Trial

Initial
Energy

Power
Loss

cart
cart + 50 g
cart + 100 g
cart + 150 g
cart + 200 g
cart + 250 g
cart + 300 g
Hints on Analysis and Conclusions: Were the results as you expected?
Can you see a physical reason for any of the relations?
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