Energy

OBJECTIVES:

8. Define kinetic energy.

9. Describe the concepts of gravitational potential energy and elastic potential energy.

10. State the principle of conservation of energy.

11. List different forms of energy and describe examples of the transformation of energy from one form into another.

Energy is the ability to cause change and do work.  When something is able to change its environment or itself, it has energy.  When something does work, it has energy.

Energy has several different forms, such as electrical, chemical, nuclear, radiant, and thermal.  Any object that uses electricity is using electrical energy, which is basically the flow of electrons along a wire; chemical energy comes from chemical reactions (food, batteries, explosions, fuel); nuclear energy comes from the splitting of atoms and is used in nuclear power plants and atomic bombs; radiant energy is energy you can see in the form of light; thermal energy is any form of heat.  EX. The sun uses nuclear energy to create the heat (thermal energy) we feel and the light (radiant energy) we see.  Our body used chemical energy to produce thermal energy.  A nuclear reactor uses nuclear energy to produce electrical energy.    
The joule is the SI unit of energy; J (joule) = kg m2/s2.  It is named after the 19th century British scientist James Prescott Joule. 

A body in motion possesses kinetic energy.  The kinetic energy possessed by a body depends on its mass and its speed.
Consider a body of mass, m, being given kinetic energy by a force of magnitude F.

	


If the body starts from rest (as in the example above) then

	v² = 2as or v²/2 = as


K.E. gained by the body = work done during acceleration

	K.E. = Fs


If we ignore friction and air resistance then, F = ma and so

	K.E. = mas


Therefore,
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If a force acts on a body then the body is said to possess potential energy.  It is the stored energy that an object has, due to its position.  The object has stored energy because it has a potential to cause a change.  
Examples:
· A stretched spring possesses elastic potential energy.

· A charged body in an electric field possesses electrical potential energy.

· A mass in a gravitational field possesses gravitational potential energy.

Gravitational potential energy (G.P.E.) is energy stored by objects that are above the Earth’s surface.   

Consider a body of mass m being lifted a short distance near the earth’s surface, at constant speed.
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	At B:
the body possesses more G.P.E. than it did at A because work has been done lifting it.

 

	At A:
the body possesses G.P.E. because the force of gravity acts on it.

 
	
	


The increase in the G.P.E. is equal to the work done moving the body from A to B.

	G.P.E. gained
	= force × distance moved
= mgh

	
 G.P.E. = mgh

	


where g = the acceleration due to gravity
This equation:

i) only tells us the change in G.P.E. of the body and
ii) is only useful if h is small enough for us to consider that g is constant.
Elastic Potential Energy
This is the energy that a body possesses by virtue of its position from the equilibrium condition of the spring.
Consider a spring being extended by a steadily increasing force. When the force has a magnitude F, the extension is x.
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A graph of force against extension would be a straight line passing through the origin, as long as the elastic limit of the spring has not been exceeded.
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The slope of the graph is k, the elastic constant of the spring.
F = kx
The work done increasing the length of the spring by x is given by
w = average force × extension
Therefore,
	
	w = ½ Fx = ½ kx²



So, the elastic potential energy stored in the spring is given by

	E.P.E. = ½ kx²


Notice that the work done stretching the spring is equal to the area under the graph. 

The Principle of Conservation of Energy
Energy can be transformed from one form to another, but it cannot be created nor destroyed, i.e. the total energy of a system is constant 
Falling objects and roller coaster rides are situations where Ep + Ek = constant if we ignore the effects of air resistance and friction.
In all collisions and explosions momentum is conserved, but generally there is a loss of kinetic energy, usually to internal energy (heat) and to a small extent to sound. 
In an inelastic collision there is a loss of kinetic energy (momentum is still conserved). 
In an elastic collision the kinetic energy is conserved (as well as momentum).
Types of Energy
· Kinetic 
· Gravitational Potential
· Elastic 
· Heat (Thermal) 
· Light 
· Sound 
· Electrical 
· Chemical 
· Nuclear

