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[Question.1] (20/100 Pnts) Please write in the SI units, the Gauss’ Law both forms, differential and integral in
the presence of the dielectric material.

Hint-1: Think about the displacement field, D and free charge and its density.

[Answer.1] (20/100 Pnts)
With the help of Hint-1,

Differential form : ∇ ·D = ρfree ,

Integral form :

∮
D · da = Qfree . (1)
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[Question.2] (80/100 Pnts) About the capasitance per unit length calculation of cylindrical capasitor.

192 Chapter 4 Electric Fields in Matter

Problem 4.21 A certain coaxial cable consists of a copper wire, radius a, sur-
rounded by a concentric copper tube of inner radius c (Fig. 4.26). The space between
is partially filled (from b out to c) with material of dielectric constant εr , as shown.
Find the capacitance per unit length of this cable.

a
b

c

FIGURE 4.26

4.4.2 Boundary Value Problems with Linear Dielectrics

In a (homogeneous isotropic) linear dielectric, the bound charge density (ρb) is
proportional to the free charge density (ρ f ):13

ρb = −∇ · P = −∇ ·
(
ε0

χe

ε
D

)
= −

(
χe

1 + χe

)
ρ f . (4.39)

In particular, unless free charge is actually embedded in the material, ρ = 0, and
any net charge must reside at the surface. Within such a dielectric, then, the
potential obeys Laplace’s equation, and all the machinery of Chapter 3 carries
over. It is convenient, however, to rewrite the boundary conditions in a way that
makes reference only to the free charge. Equation 4.26 says

εabove E⊥
above − εbelow E⊥

below = σ f , (4.40)

or (in terms of the potential),

εabove
∂Vabove

∂n
− εbelow

∂Vbelow

∂n
= −σ f , (4.41)

whereas the potential itself is, of course, continuous (Eq. 2.34):

Vabove = Vbelow. (4.42)

13This does not apply to the surface charge (σb), because χe is not independent of position (obviously)
at the boundary.

FIG. 1: coaxial cable

A certain coaxial cable consists of a copper wire, radius a, surrounded by a concentric copper tube of inner radius
c and this cable length l, in above figure. The space between is partially filled (from b out to c) with material of
dielectric constant, εr as shown.

Find the capacitance per unit length of this cable.

Hint-2: Think about the Gauss’ Law in the presence of the dielectric material.

Hint-3: Take the free charge on a length l of the inner conductor as Q.

[Answer.2] (80/100 Pnts)
By using Hint-2 and -3,
in order to find the the capasitance per unit length C

l , we should obtain Q
V l .

Therefore we should find the displacement electric field, D and then electric field E = ε D,
and finally potential. Let us start,

∮
D · da = Qfree ,

D 2π r l = Q ,

∴ D =
Q

2πrl
. (2)

? for a < r < b,

∴ E =
Q

2π r l εo
. (3)

? for b < r < c,

E =
D

ε
,

∴ E =
Q

2π r l ε
. (4)

? by using the equations (3) and (4), we can obtain the potential as:

V = −
∫ c

a

E · dl ,

V = (

∫ b

a

Q

2εo π l

dr

r
+

∫ c

b

Q

2ε π l

dr

r
) ,

∴ V =
Q

2 π εo l
[ ln (

b

a
) +

εo
ε

ln (
c

b
) ] . (5)

Finally,

∴
C

l
=

Q

V l
= 2 π εo [ ln (

b

a
) +

εo
ε

ln (
c

b
) ]−1 . (6)


