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TD 4
Travail et énergie en électrostatique

Énergie d’une distribution de charges ponctuelles

Exercice 4.1

(a) Trois charges ponctuelles ±q sont situées aux sommets d’un carré de côté a, comme le montre
la Fig. 1. Quel est le travail à fournir pour amener une quatrième charge +q de l’infini au
quatrième sommet du carré ?

(b) Quel est le travail total à fournir pour assembler la configuration des quatre charges ?
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You see the general rule: Take the product of each pair of charges, divide by
their separation distance, and add it all up:
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The stipulation j > i is to remind you not to count the same pair twice. A nicer
way to accomplish this is intentionally to count each pair twice, and then divide
by 2:
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(we must still avoid i = j , of course). Notice that in this form the answer plainly
does not depend on the order in which you assemble the charges, since every pair
occurs in the sum.

Finally, let’s pull out the factor qi :
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The term in parentheses is the potential at point ri (the position of qi ) due to all
the other charges—all of them, now, not just the ones that were present at some
stage during the assembly. Thus,

W = 1
2

n∑

i=1

qi V (ri ). (2.42)

That’s how much work it takes to assemble a configuration of point charges; it’s
also the amount of work you’d get back if you dismantled the system. In the
meantime, it represents energy stored in the configuration (“potential” energy, if
you insist, though for obvious reasons I prefer to avoid that word in this context).

Problem 2.31

(a) Three charges are situated at the corners of a square (side a), as shown in
Fig. 2.41. How much work does it take to bring in another charge, +q , from
far away and place it in the fourth corner?

(b) How much work does it take to assemble the whole configuration of four
charges?
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Énergie d’une distribution de charges continues

Exercice 4.2

On cherche à déterminer de trois façons différentes l’énergie électrostatique W d’une sphère
de rayon R uniformément chargée en volume, de charge totale q.

(a) Utilisez l’expression W = 1
2

∫
dτ ρV .

(b) Utilisez l’expression W = ε0
2

∫
R3 dτ E2.

(c) Utilisez l’expression W = ε0
2

(∫
V dτ E2 +

∮
S da · VE

)
. Prenez un volume V sphérique de

rayon a. Que se passe-t-il lorsque a→∞ ?
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