
Energy Notes

1. Conservation of Energy

Energy is what an object has that makes it able to do something. Energy can be recognized, in large
quantities, because it is dangerous. Something that has a lot of energy has a big capacity to act, a capability
to cause a lot of damage. Energy is measured in Joules (J), a unit that stands for kg m²/s².

There are two main types of energy. Kinetic Energy is the energy that something has when it is moving.
Potential Energy is energy that is stored up and ready to do something; it has the potential to act.

The key idea underlying the Energy unit is the Law of Conservation of Energy:

Energy cannot be created or destroyed. It can only be transformed from one
type of energy into another, or transferred between objects.

2. Different forms of Energy

There are four most common forms of energy that you should know about:

Gravitational Potential Energy is energy that is stored in an object because it is high above the ground. A
really massive object lifted up realy high, like a boulder at the top of a cliff, has a lot of gravitational
potential energy. In the equation, m is the mass of the object in kg, g is the strength of gravity, 10 m / s² on
Earth, and h is the height in meters above the "ground." You can pick any point you want as the "ground"
height as long as you're consistent about it within the problem.

Elastic Potential Energy is energy that is stored in something that is being stretched, compressed, or bent. A
compressed spring in a car's suspension, a stretched rubber band, and a bent bow all have elastic potential
energy. In the equation, k, called the spring constant, is a number that says how string the spring is. A large
k is a really stiff spring; a small k is a realy wimpy spring. x stands for the distance stretched or
compressed. This can be found by subtracting the unstretched length from the stretched length. If a spring,
left to itself, would want to be .4 m long, then stretching it to .5 m would be an x of .1, and compressing it
to .2 meters would be an x of -.3. You can see from the form of the equation that everything it's easy to start
stretching something, but it gets harder and harder as you stretch more.

Kinetic Energy belongs to any object that is moving. A train has a lot of kinetic energy, since it has both a
lot of mass and a lot of speed. In the equation, m stands for the mass of the object, in kg, and v is the speed
of the object, in m / s. You can see form the equation that speed has a bigger influence on kinetic energy
than mass; doubling the speed quadruples the kinetic energy, and multiplying the speed by three would
increase the kinetic energy by a factor of 9.



Heat is a special form of kinetic energy that we'll learn more about in the next unit. For now, all you need to
know is that energy lost through friction, such as when you rub your hands together, becomes heat.

3. Total Energy of an Object

Because energy is conserved, the total energy of an object, the sum of its potential and kinetic energy, will
change only if that object interacts somehow with another object. This allows us to figure out how much of
each type of energy it has at any given position.

For example, if a bungie jumper jumps from a bridge, he starts out with a lot of gravitational potential
energy, which gradualy starts to turn into kinetic energy; then, finally, energy starts to be stored in the
bungie cord, and when he finally stops he has no kinetic energy and lots of elastic potential energy. At every
point as he falls, the total of the three types of energy is the same.

All objects want to get rid of potential energy. If I draw a "potential", a graph showing the potential energy
of an object at each possible position, then there is always a force puching the obect "downhill." The force is
bigger where the slope is bigger. A flat point in a valley or hilltop shows where the object can sit without
moving; a vertical line in the potential is a point you cannot push the object past.

4. Work: transfer of energy

Sometimes, one object will give some of its energy to another object. Mr. Z. gets his energy from pancakes,
which have energy from grain that got its energy from the sun. Energy is always moving from place to
place. This is why nothing can keep moving forever; friction is always drawing away some amount of
energy.

An energy transfer is called work. If I lift a 3kg bal to place it at a height of 2m on a track, I have increased
its total energy by (3)(10)(2) = 60J. This means I have done 60 J of work. If the ball rolls down and is
brough tto a stop by friction, friction has taken away energy from the ball. This is an example of negative
work; friction did -60 J of work.

Work always involves one object pushing the other, exerting a force. It also always requires that the object
move: if I try to lift a 2000 lb weight and it doesn't budge, or I try and fail to stretch a spring with a k of
10,000 kg / s², then I haven't got any work done, even though I may be tired and sore. There is an equation
for work in terms of the force F exerted and the distance d moved:

Here, it is important to understand that work is positive if the force is pushing along with the motion of the
object, speeding it up, and work is negative if the force pushes against the motion of the object, slowing it
down.

The last equation simply defines power, a measurement of how fast something can get work done. The units
of power are Watts (W). One final thing we measure is efficiency, what fraction of the energy I used up in
work actually gets transferred to the object.


