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TD 1
Le champ électrique

Loi de Coulomb

Exercice 1.1

On considère deux électrons de charge −e, avec e = 1.6 × 10−19 C la charge élementaire, et
de masse m = 9.1 × 10−31 kg. Donnez l’ordre de grandeur du ratio entre la force de Coulomb
et la force gravitationnelle entre ces deux électrons, espacés d’une distance d quelconque. On
rappelle que la constante universelle de gravitation G vaut environ 6.7× 10−11 N m2 kg−2.

Exercice 1.2

(a) L’atome d’hydrogène est constitué d’un proton, de charge qp = e et d’un électron de charge
qe = −e. La distance caractéristique entre le proton et l’électron est donnée par le rayon de
Bohr a0 = 0.53 Å (un angstrom, de symbol Å, équivaut à 0.1 nm = 10−10 m). Représentez
les forces de Coulomb entre le proton et l’électron, et évaluez leur module.

(b) On considère le noyau d’un atome, constitué de protons et de neutrons. Calculez le module de
la force de Coulomb entre deux protons situés à une distance typique de 20 fm = 2×10−14 m.

(c) Calculez le module de la force de Coulomb entre deux charges de 1 C séparées d’une distance
de 100 m.

Exercice 1.3

(a) Douze charges électriques identiques de charge q sont situées aux coins d’un dodécagone
(polygone régulier à douze côtés). Quelle est la force totale exercée sur une charge test Q se
trouvant au centre du dodécagone ?

(b) On enlève l’une des douze charge. Quelle est la force exercée sur la charge test ?

(c) Répétez les questions (a) et (b) pour un tridécagone (polygone régulier à treize côtés).

Champ électrique

Exercice 1.4

On considère deux charges ponctuelles de signes opposés (+q et −q), séparées d’une dis-
tance d. On cherche à déterminer le champ électrique E(P ) créé par ces deux charges en un
point P se situant le long de la médiatrice du segment reliant les deux charges.

(a) À l’aide d’un schéma, convainquez-vous que E(P ) est perpendiculaire à la médiatrice.

(b) Calculez E(P ).

(c) Esquissez le champ de vecteurs E(P ).

(d) Déterminez à présent le champ électrique le long de la droite reliant les deux charges.
Commentez votre résultat.

Distributions de charges continues

Exercice 1.5

On considère un segment de longueur L et de densité de charge linéique uniforme λ. Déterminez
le champ électrique à une distance z au dessus de l’une des deux extrémités du segment [voir
Fig. 1(a)]. Le résultat obtenu est-il en accord avec ce à quoi on s’attend lorsque z � L ?
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Exercice 1.6

Calculez le champ électrique à une distance z au dessus du centre d’une boucle carrée de
côté a se trouvant dans le plan xy, de densité de charge linéique uniforme λ [voir Fig. 1(b)].
Vous vous aiderez pour cela de l’Exemple 1.2 du cours.

Exercice 1.7

Calculez le champ électrique à une distance z au dessus du centre d’une boucle circulaire de
rayon R se trouvant dans le plan xy et de densité de charge linéique uniforme λ [cf. Fig. 1(c)].

Exercice 1.8

Calculez le champ électrique à une distance z au dessus du centre d’un disque de rayon
R se trouvant dans le plan xy et de densité de charge surfacique uniforme σ [Fig. 1(d)]. Que
pouvez-vous dire des cas limites R→∞ et z � R ?

2.1 The Electric Field 65

For points far from the line (z ≫ L),

E ∼= 1
4πϵ0

2λL
z2

.

This makes sense: From far away the line looks like a point charge q = 2λL . In
the limit L → ∞, on the other hand, we obtain the field of an infinite straight
wire:

E = 1
4πϵ0

2λ

z
. (2.9)

Problem 2.3 Find the electric field a distance z above one end of a straight line
segment of length L (Fig. 2.7) that carries a uniform line charge λ. Check that your
formula is consistent with what you would expect for the case z ≫ L .
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Problem 2.4 Find the electric field a distance z above the center of a square loop
(side a) carrying uniform line charge λ (Fig. 2.8). [Hint: Use the result of Ex. 2.2.]

Problem 2.5 Find the electric field a distance z above the center of a circular loop
of radius r (Fig. 2.9) that carries a uniform line charge λ.

Problem 2.6 Find the electric field a distance z above the center of a flat circular
disk of radius R (Fig. 2.10) that carries a uniform surface charge σ . What does your
formula give in the limit R → ∞? Also check the case z ≫ R.

Problem 2.7 Find the electric field a distance z from the center of a spherical surface!
of radius R (Fig. 2.11) that carries a uniform charge density σ . Treat the case z < R
(inside) as well as z > R (outside). Express your answers in terms of the total charge
q on the sphere. [Hint: Use the law of cosines to write r in terms of R and θ . Be
sure to take the positive square root:

√
R2 + z2 − 2Rz = (R − z) if R > z, but it’s

(z − R) if R < z.]

Problem 2.8 Use your result in Prob. 2.7 to find the field inside and outside a solid
sphere of radius R that carries a uniform volume charge density ρ. Express your
answers in terms of the total charge of the sphere, q . Draw a graph of |E| as a
function of the distance from the center.
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2.2 DIVERGENCE AND CURL OF ELECTROSTATIC FIELDS

2.2.1 Field Lines, Flux, and Gauss’s Law

In principle, we are done with the subject of electrostatics. Equation 2.8 tells us
how to compute the field of a charge distribution, and Eq. 2.3 tells us what the
force on a charge Q placed in this field will be. Unfortunately, as you may have
discovered in working Prob. 2.7, the integrals involved in computing E can be
formidable, even for reasonably simple charge distributions. Much of the rest of
electrostatics is devoted to assembling a bag of tools and tricks for avoiding these
integrals. It all begins with the divergence and curl of E. I shall calculate the
divergence of E directly from Eq. 2.8, in Sect. 2.2.2, but first I want to show you
a more qualitative, and perhaps more illuminating, intuitive approach.

Let’s begin with the simplest possible case: a single point charge q, situated at
the origin:

E(r) = 1
4πϵ0

q
r2

r̂. (2.10)

To get a “feel” for this field, I might sketch a few representative vectors, as in
Fig. 2.12a. Because the field falls off like 1/r2, the vectors get shorter as you go
farther away from the origin; they always point radially outward. But there is a
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