
 Exercise We expresstheelectrostaticenergy interms ofthe chargedensity
andtheelectrostaticpotential

Source Jackson Chapter1

We startby rederivingthe
electrostatic potential

From Gauss's law we know thatthe electric field dueto apoint

changeatposition t is givenby
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Ten bythe principleof superposition theelectric fieldduetoacollection

ofpoint changes is
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assuming the change
distribution is approximately continuous

Next we usethefactthat OpEg
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to write
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Thus we havederivedtheelectrostatic potential

Ici tf f d r's Iliffe Ecity
Next we demonstratethephysical significance ofthepotential by computing
hework required tomoveachange q from to toF inthepresenceofan electric
field Eli

The work is givenby
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qt ri q fo The finalequality comes fromthe
fundamental

theorem ofline integrals Thus g I can be understood asthepotentialenergy
ofa testchange inthe electrostaticfield

Now suppose wehave a number ofpoint charges goFifi Then
the potential energy ofa pointchangej near this configuration willbegivenby
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It follows thatthetotalelectrostaticenergy oftheconfigurationwillbegivenby
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wherethe Ya isincludedto avoid double counting as
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Assuming ourchange

distributioncanbeapproximated as a continuum the
electrostatic

energy isgivenby
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We can also observethat
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