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The problem of finding the resistance of a conductor of non-

uniform cross section can be treated as a boundary-value problem

 If the cross section of the conductor is not uniform, the resistance

is obtained by using the following equation:
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The resistance can be found using Laplace’s equation through

following steps:

1) Choose a suitable coordinate system

2) Assume Vo as the potential difference between conductor

terminals

3) Solve Laplace's equation 𝛻2𝑉 to obtain V

4) Then determine E from 𝐄 = −𝛻𝑉 and I from 𝐼 = .𝜎𝐄 𝑑𝐒

5) Finally, obtain R as 𝑉𝑜/𝐼
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Consider a two-conductor capacitor

 The conductors are maintained at a potential difference V given by:

where E is the electric field existing between the conductors

 The capacitance C is defined as the ratio of the magnitude of the charge

on one of the plates to the potential difference between them; that is:

We will now use Gauss’s law (instead of Laplace’s equation) to find C

for three different types of capacitors
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Consider the parallel-plate capacitor of Figure below.

Suppose that each of the plates has an area S and they are separated

by a distance d.

We assume that plates 1 and 2, respectively, carry charges +Q and -

Q uniformly distributed on them so that

Parallel-Plate Capacitor



 If the space between the plates is filled with a homogeneous

dielectric with permittivity ε and we ignore flux fringing at the

edges of the plates, D = - ρs ax or

Parallel-Plate Capacitor

Hence,

 and thus for a parallel-plate capacitor



 This formula offers a means of measuring the dielectric constant εr of a
given dielectric. By measuring the capacitance C of a parallel-plate
capacitor with the space between the plates filled with the dielectric and
the capacitance C0 with air between the plates, we find e r from

Parallel-Plate Capacitor

 Energy stored in a capacitor is given by

 To verify this for a parallel-plate capacitor



MATLAB Example for Capacitance

 A parallel-plate is filled with a nonuniform dielectric characterized by ε r = 2 +

2×106 x2, where x is the distance from the lower plate in meters. If S = 0.02 m2

and d = 1.0 m, find the capacitance C.

 Write a MATLAB program that finds the energy stored in this capacitor if the

charge on the positive plate is Q = 4×10-9 C.

 Use the formula WE = Q2/2C to evaluate the capacitance and compare your

results.



Electromagnetic Field Theory (EMT)

Lecture # 21

1) Resistance and Capacitance

1) Parallel-Plate Capacitor

2) Coaxial Capacitor

3) Spherical Capacitor

2) Methods of Images



 Consider length L of two coaxial conductors, inner radius a and outer radius b (b > a)

 Let the space between the conductors be filled with a homogeneous dielectric with

permittivity ε.

 Conductors 1 and 2, respectively, carry +Q and -Q uniformly distributed on them.

 By applying Gauss's law to an arbitrary Gaussian cylindrical surface of radius ρ (a < ρ <

b), we obtain

Coaxial Capacitor

 Neglecting flux fringing at the cylinder ends

 Thus the capacitance of a coaxial

cylinder is given by

 Hence
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 Consider the inner sphere of radius a and outer sphere of radius b(b> a)

separated by a dielectric medium with permittivity ε.

 We assume charges +Q and -Q on the inner and outer spheres, respectively.

 By applying Gauss's law to an arbitrary Gaussian spherical surface of radius

r(a<r<b)

Spherical Capacitor

 The potential difference between the conductors is

 Thus the capacitance of the spherical capacitor

 For isolated sphere i.e., b →∞; C = 4πεa



 Total capacitance in series is

Spherical Capacitor

As

 which is the relaxation time Tr of the

medium separating the conductors.

 For a parallel-plate capacitor

 Total capacitance in parallel:

 So

 For a cylindrical capacitor



Spherical Capacitor
 For a spherical capacitor,  For a isolated




