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Work and Energy
Work and Energy are very important concepts in Physics.  They are related concepts, but they are not technically the same thing.  One of the great foundational tenets of all science is the law of Conservation of Energy, a principle that is elegant in its simplicity and practically unrivaled in its power or importance.  However, before we can delve into its depths and applications, we must first understand the concepts of Work and Energy.

Work
· In Physics, work is defined as the product of the component of force applied to an object while it covers a given distance, and the distance it covers.  In other words,

W = FxCos
where F is the force exerted on the object, x is the distance it covers, and  is the angle between the direction of the force and the direction of motion.

· Note that this angle is often zero degrees (when the force and the motion are parallel) but other times is given in the problem.

· Work is measured in a unit called a Joule (J).  1 Joule equals 1 Newton times 1 meter.  I.e., 1 J = 1 N * 1 m.

· Work can be positive or negative, depending on the angle.  When a force (or a component of the force) opposes the object’s motion, then the work done by that force is negative work.  If a force (or a component of the force) is in the same direction as the motion, then the work is positive.

· It is also possible for an object to cover a given distance while experiencing a force and have zero work done on the object.  This is possible when the angle between the force and the distance is 90 degrees.  

· E.g., an object sliding over a horizontal table experiences a gravitational and normal force; however, both of these forces are perpendicular to the direction of motion, and hence, each force does zero work.  (By definition, the normal force never does any work.)  Also, when an object travels in a circle, the centripetal force is always perpendicular to the direction of motion, and so there is no work done by the centripetal force.
Kinetic Energy
· This is the energy any object has due to its motion.  From the slowest slug to the fastest car, any object in motion has a certain amount of kinetic energy.  This is determined by two key factors: the object’s mass, and its speed.  

KE = ½ mv2
· Much like work, and all other forms of energy, KE is measured in Joules.

· An object always has, at some time, a positive amount of KE.  However, over a period of time, an object can lose or gain KE, meaning that the change in KE can be positive or negative.  To determine the change in an object’s KE, we simply compute the following:

KE = KEf – KE0 = ½ mvf2 – ½ mv02
· Perceptive readers will note that Work and KE share the same unit.  This is an indication that there must be some connection between these two quantities.  Indeed, this is the case.  The relationship between Work and KE is very simply stated by the Work-Energy Theorem:

The net work done on an object is equal to the change in that object’s KE.  (Note: the net work is the sum of all work done on an object; or, the net work is the work done by the net force.)
W = KE

Potential Energy

· Potential Energy (PE) is basically an energy that is associated with an object’s position (Recall: Kinetic Energy was associated with an object’s motion).  It is also measured in joules.  There are two main types of potential energy that we are going to focus on.

1. Gravitational Potential Energy (PEg) – This is the energy an object has due to the fact that it is some vertical height (h) above the ground (or some other chosen point of reference).  [Note: It is only the vertical position that matters here; the horizontal location of an object has no effect on its gravitational potential energy.  This point will come in handy when we discuss the energy of an object that is resting on an inclined surface; the amount of PE the object has still only depends on its vertical height above the chosen point of reference.]  The amount of gravitational potential energy depends only on two variables: mass and height.  A simple way of writing the amount of gravitational potential energy any object has is:

PEg = mgh
PEg = mgh
where g = 9.8 m/s2.  

The tricky bit about gravitational potential energy is that it is a relative quantity.  What I mean by that is, the amount of potential energy an object has is relative to some point that is chosen as the “zero” level of PE.  Typically, that point will be the ground.  So basically that means that an object sitting on the ground will have zero gravitational potential energy, whereas an object some height off the ground (say, a monkey in a tree) will have a certain amount of energy because it is up in the tree.  However, there are certain times when it is easier to choose a different point than the ground to serve as the “zero” level of PE.  In these cases though, it’s still very simple, because then the amount of PE an object has only depends on the difference in height from the chosen zero point. 

For instance, let’s consider a monkey in a tree.  Perhaps he climbed up into the tree after a banana, which is some small height above the branch where he is just standing.  Both he and the banana have some amount of PE relative to the ground, because they are both elevated some height above the ground.  It is likely that he has much more PE than the banana in this case; why?  (Answer: because a monkey has much more mass than a banana).

Let’s look at it from a couple of different perspectives now.  Assume that we choose the “zero” level of PE to be the point where the monkey has reached in the tree.  Then, in this case, he actually has zero PE because he’s at the zero level.  The banana, above his head, would have some positive PE because it is above the “zero” level that WE have chosen in this problem.

What if we choose the “zero” level of PE to be the location of the banana?  Now, our monkey friend is actually below the zero level of PE, and so he has a negative amount of PE!  Wacky!

So this raises an interesting point about PE: you can only accurately state the amount of PE an object has if you also include the point of reference (the chosen “zero” level of PE) for each situation.

Another simple example: y’all have zero PE with respect to the floor of our classroom.  Y’all-so have zero potential energy relative to the floor of any other classroom on the second floor of Upper House.  However, you have some amount of positive PE relative to the ground outside our windows.  You also have some negative amount of PE relative to the ceiling in our classroom.

So you can never say that a person, monkey, banana or any other object “has” an amount of PE; it’s not an absolute.  It is a relative value, and you always have different amounts of PE, because it always depends on some reference point.  Once a reference point is stated, then you can accurately state the value of an object’s PE.  As one of my favorite high school teachers would always say:  “It’s all relative.”

2. Elastic Potential Energy (PEx) – This is the energy that a spring or other elastic object stores when it is stretched or compressed some amount (x) from its normal relaxed state.  It does not matter if the spring is stretched or compressed; as long as the distance is the same, the energy stored is equal.  The amount of energy stored is determined by two factors: the distance the spring is stretched or compressed, and the stiffness of the spring (this is indicated by the spring constant, k).  Like all other forms of work and energy, this is measured in Joules (J).  The amount of potential energy stored in a spring is:

PEx = ½ kx2
PEx = ½ kxf2 – ½ kx02
where k is the spring constant (measured in N/m).

The spring constant indicates the stiffness of a spring.  It is a constant for a given spring (it is not the same value for every spring), and it tells the amount of force that is required to stretch a given spring a certain distance.  For example, a loose spring would have a spring constant of, say, 200 N/m.  This means that a 200 N force would stretch this spring a distance of 1 meter.  A stiff spring might have a spring constant of 5,000 N/m, indicating that a 5,000 N force is required to stretch the spring 1 meter.

The spring constant can be determined by Hooke’s Law.  A very brief historical interlude:  Robert Hooke lived in England at the same time as our friend the Cookie Man, Sir Isaac Newton.  Hooke and Newton were the two most famous scientists in England at the time, and they were the most bitter of rivals.  In fact, it has been said that Isaac Newton refused to publish much of his work until Hooke had died!

Hooke stated that when a spring is stressed (that is, stretched or compressed from its relaxed state) it will respond by exerting a force that is proportional to the distance of the stretch or compression, and is opposite the direction of the stretch or compression.  What this means is:

Fs = -kx
Where k is the spring constant, x is the compression/stretch of the spring, Fs is the force exerted by the spring, and the minus sign just indicates the fact that Fs and x are in opposite directions.

Many times, you will have to use Hooke’s Law to determine the spring constant, where you will be given a force and a distance.  In these cases, to determine the spring constant, you will divide the Force (which sometimes will be the force of gravity on an object) by the distance.

Conservation of Energy
Conservation of Energy is one of the most powerful and fundamental concepts in the entire field of Physics.  It is a foundational principle upon which all of our understanding relies.  The great beauty of this concept is how simple it is to both use and understand.  

Essentially this theory can be boiled down to the following:

The total energy contained in a closed, isolated system* can never change.  The amount of energy is a constant.  Energy is allowed to change forms (Kinetic to Potential, Potential to Kinetic, Kinetic to Thermal, etc.) or be transferred between objects, but energy can not be lost or gained.  The change in the total energy in a closed, isolated system must be equal to zero.

[*Note: A ‘closed, isolated system’ is one in which there is no external force doing work on the system.  In the case where there does exist an external force that is doing work on the system, that amount of work (and hence, energy) is added to or removed from the system.  In other words, if work is done on a system, the change in the total energy of the system is equal to the work done on the system.  We will spend most of our time investigating closed, isolated systems.]

In a mathematical sense, we can use this idea by considering the total energy ET as the sum of KE, PEg, and PEx.  Furthermore, we can use the idea that the change in ET is equal to the sum of the changes in those three quantities, and this should be equal to zero:
ET = KE + PEg + PEx
ET = KE + PEg + PEx = 0
½ mv02 + mgh0+ ½ kx02 = ½ mvf2 + mghf+ ½ kxf2
This simple concept can be used in numerous different types of scenarios and situations.  In most problems, one type of energy will not be used.  For instance, we will deal with problems where there are no springs.  Alternately, we will look at cases where an object does not change its vertical position.  However, we will investigate examples where all three types of energy will be needed as it is transformed from one form to another and another.
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