	Physics 382: Notes
	Electrostatic Energy
	



(3) Determine the work required to assemble 3 charges given by: 

(#,q,x,y,z)=(1,3(C,1,1,1),(2,6(C,2,2,2),(3,-9(C,3,3,3).

 Let’s determine how much work is required to assemble a charge distribution of equal [image: image1.wmf]121314232434
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charges in the form of a square with the following descriptions:

(1,q,0,0,0)

(2,q,1,0,0)

(3,q,0,1,0)

(4,q,1,1,0)
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This work required to assemble the charge distribution can be written as:

[image: image2.wmf]ij

ji

NNNN

kqq

11

ij

22

rr

i1j1i1j1

jiji

WW

-

====

¹¹

éù

êú

==

êú

êú

ëû

åååå

rr


Now there is a relatively easy way to express this work: write it out as a square and then add up all the terms. Here is an example:
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where my unusual sign [+] means that you are to add up everything inside the []. I’ve written it here just to be clear about what you are going to be doing with the []. Now an important property here is that if we use the entire thing in brackets, then we are counting the charges exactly twice too many times. We then can reduce the amount of our work required by recognizing that 
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, eliminating everything below the diagonal of zeros and multiplying by 2. The next step makes this look like the following:
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Now let’s apply this to the specifics of the problem at hand. Each charge is the same and so the works involved for each charge ultimately require calculation of distances. The intermediate step showing this looks like:
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We thus need to calculate the various distances involved. These are given by:
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Also, in the particular problem at hand, each q is the same. Putting these inside the [] and factoring out the charge above then gives:
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You’ll note I’ve eliminated everything but what is specifically involved in this example now. One small simplifying step gives:
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Now the next step is to add up everything inside the []. This gives:
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If you’re just dealing with a few charges, it is probably easier to write out the individual work terms and adding them rather than using the double sum notation. I’ve written the double sum notation here to give you a method of attack that will always work when dealing with discrete point charges. I’ve also provided you with a framework for evaluating this general result in a nice ordered step-by-step procedure. The only variations might be that you will need to include charge values inside the [] if the charges are different (which was not the case in this example).
Once you have this potential energy, you can answer the questions of motion for any of the charges if you know the masses to which the charges are attached. 

As you can see, electric potential is a very important quantity, physically. It is good, therefore, that you understand how to calculate it, especially in simple situations.

The electrostatic potential superimposes. Thus, the potential at a point in space is given by
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Let’s look at one other way to write the work required to assemble a charge distribution.
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Here is a quick example: suppose the potential at a point in space is 5V. What is the work required to bring a 0.5(C charge to this point? The answer is 
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As you can see, knowing the potential at a particular point in space is useful.  Of course, this is assuming that the action of bring the charge to that location does not, in fact, change the potential that you are working against. Later, we’ll need a modification for the case where separating charge changes the potential (as in a capacitor). If you have a continuous charge distribution, then the calculus modification of this is:
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Where
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 is the potential experienced at the particular charge dq which is being integrated over. What this says is that the work required to bring a charge to a point is the product of that charge and the electrostatic potential at the point in space where that charge is located.
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This can be integrated by parts to give:
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The idea is to choose a large enough surface so that the surface integral vanishes. Thus, we calculate the potential energy as:
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As an example, consider a sphere of radius a with a surface charge (.
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Note that while E and V superimpose, W does not. You must superimpose the fields or potentials first then calculate the energy of the distribution:

The way to do this is:
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Not by
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