Calculate V for a point charge
The potential of a point charge is determined as the negative work per unit positive test charge to bring the charge from infinity to a point 
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Assume the initial charge is located at coordinates 
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The electrostatic field is given by Coulomb’s law:
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To bring the charge from infinity we have to add up all the individual potentials:
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Now the easiest way to look at this problem is to let
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And then locate the original charge at the origin so that
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Then:
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The negative is a convention in physics. It reflects the fact that we want an increase in potential energy if a positive charge is brought from infinity to the desired location in the presence of a pre-existing point charge.

Now we can use this to produce the potential of a point charge located at 
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The result is:
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or using the delta function we have: 
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Now if you have several discrete charges, the potential is obtained from:
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Since we can represent point charges as delta functions: 
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In fact, the result is written more generally as an integral:
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Of course, you can also write this in a bit easier form involving 
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