
Chapter 6 Problem 42 †

Given
ρ(r) = ρ0r/R r ≤ R
ρ(r) = 0 r > R

Solution
Find the electric field both inside and outside the spherical charge distribution.

From Gauss’ Law∮
S

~E · ~A = Φ =
qenc
ε0

With spherical symmetry, the area and electric field vectors are parallel, thus eliminating the dot
product. Also in spherical sysmmetry, the electrical field is the same intensity anywhere on the surface.
Since it is constant, the integral just adds up the surface area of a sphere. As a result, Gauss’ Law with
spherical symmetry is

E(4πr2) =
qenc
ε0

and the magnitude of the electric field is

E =
qenc

4πε0r2
(Eq.1)

For a radius inside the surface of the sphere, the enclosed charge is the integral of charge density
throughout the volume of the sphere.

qenc =

∫
ρdV

Since the charge density is spherically symmetric, the integral for adding charge can use the method of
shells and integrate in the radial direction.
Each shell has a surface area of a sphere and its volume is that area times dr.

dV = 4πr2dr

Inside the charge distribution, the charge density is given, so it is now a matter of performing the integral.

qenc =

∫ r

0

(ρ0r
R

)
(4πr2dr) =

4πρ0
R

∫ r

0

r3dr

qenc =

(
4πρ0
R

)
r4

4
=
πρ0r

4

R

From equation (1) the electric field inside the distribution is then

E =
(πρ0r

4/R)

4πε0r2
=

ρ0r
2

4ε0R
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Once you are outside the charge distribution, the charge enclosed no longer increases with radius. Once
the surface, R is reached qenc remains constant. This enclosed charge is

qenc =

∫ R

0

(ρ0r
R

)
(4πr2dr) =

4πρ0
R

∫ R

0

r3dr

qenc =

(
4πρ0
R

)
R4

4
= πρ0R

3

From equation (1) the electric field outside the distribution will now have a magnitude of

E =
(πρ0R

3)

4πε0r2
=
ρ0R

3

4ε0r2


