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Electric Potential Energy and Electric Potential Difference

OBJECTIVES:

11. Define the electric potential energy difference between two points in an electric field.

12. Determine the change in potential energy or change in kinetic energy when a charge moved between two points at different potentials.

13. Define the electronvolt.

14. Define electric potential difference.

15. Solve problems involving electric potential difference and electric potential energy.

Electric Potential (V) 
In order to bring two like charges near each other work must be done.  In order to separate two opposite charges, work must be done.  Remember that whenever work gets done, energy changes form.
A moving positive charge is brought closer to a larger, stationary, positive charge.  As work is done on moving the smaller positive charge, the energy of that charge increases.  The closer it moves to the larger positive charge, the more electrical potential energy it has.  If 2 or 3 charges are used instead of one, then more work would be done, which would create more electrical potential energy.  Electrical potential energy could be measured in Joules just like any other form of energy.
Since the electrical potential energy can change depending on the amount of charge you are moving, it is helpful to describe the electrical potential energy per unit of charge.  This is known as electrical potential difference (NOTE: this sounds very similar to electrical potential energy, but it is not!)  

The potential at a point in a field is the work done moving a unit positive charge from infinity to that point.  As with gravitational potentials, the zero of electrical potential is at infinity but electrical potentials can be positive or negative depending on whether work is done against the field or by the field.
Potential Difference Between Two Points (V)
The potential difference between two points is the work done moving a unit positive charge from one point to the other.  If the potential at point A is VA and the potential at point B is VB then the potential difference, V, between the A and B is given by
	V = VB – VA


If a charge, q, is moved through a potential difference, V, we can write
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The units of V are JC-1.
The energy per unit of charge is often called voltage so it is symbolized with the capital letter V.  Work or energy can be measured in Joules and charge is measured in Coulombs so the electrical potential difference can be measured in Joules per Coulomb which has been defined as a volt.
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For things like batteries, we specify the potential difference of the charges within the battery.  So a "D-cell" has a rating of 1.5 volts which means that for every Coulomb of charge that moves from the negative side of the cell to the positive side will do 1.5 Joules worth of work.  An "AA-cell" also has a rating of 1.5 volts so each Coulomb of charge that moves from one side to the other can and will do 1.5 Joules worth of work.  The difference between the D-cell and the AA-cell is that the D-cell has more Coulombs worth of charge, so it will last longer.  The AA-cell may only light a light bulb for 15 minutes while the D-cell may keep the same bulb lit for several hours.  As a result of having more charge, the D-cell has more energy and can do more work, but it will still do work at the same rate (or has the same power) as the AA-cell.  Contrast this with a wall outlet that has a potential difference of a 12 volt car battery.  In the 12 volt car battery, every coulomb of charge that moves from one side to the other does 12 Joules worth of work.  In a 120 volt electrical outlet, every Coulomb of charge does 120 Joules worth of work as it moves from one side of the outlet to the other.
Remember that 1Coulomb of charge is a large amount.   Also keep in mind that a Joule is a fairly large unit for work.  These units don't work well if we are dealing with a small amount of charge.  That is why we sometimes talk about the elementary charge (charge on 1 electron or proton) as another unit of charge.  When we use the elementary charge (e) we need a smaller unit to measure energy or work in.  The unit of the electron volt (eV) was developed.  The electron volt is not a smaller unit for volts!  It is a smaller unit for energy.  An electron volt is the amount of energy it takes to move an electron through a potential difference of 1volt.  
Notice that if we look at the equation again for potential difference but use units of elementary charges (e) and electron volts (eV), we still get units of volts (V) when we are done.
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Remember that: 
1e = 1.6 x 10-19C 
this leads us to: 
1eV = 1.6 x 10-19J 
The Relation between Potential Difference and Electric Field Strength 
For mathematical simplicity, we will consider a uniform field.
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Consider moving a positive charge, Q, from point A to point B.
Let the magnitude of the potential difference between points A and B be Dv.  In moving a positive charge from A to B work is done by the field so the potential at B is less than the potential at A.  We will therefore represent the potential difference between A and B as -Dv.  

Work done in moving the charge is w = FDx.  

Work done per unit charge is potential difference, -Dv and force per unit charge is electric field strength.
Therefore, the relation between potential difference and field strength is found by dividing the above equation by Q. After rearranging, we have
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If the potential difference across two parallel plates is v, we can calculate the strength of the electric field between the plates.  Imagine moving the charge from the positive plate to the negative plate.  In this case Dx = d the distance between the plates. Therefore
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