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The Electric Field due to a Point Charge
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Consider a point charge q sitting in space. We shall call this charge (the charge that sets up an electric field) the source charge. Place a test charge q0 at point P a distance r from the source charge. Remember that the test charge is always positive. The source charge can be either positive or negatively charged. An electrostatic force F acts on the test charge; this force can be computed using Coulomb’s law:
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The electric field at P is given by 
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. Hence we can write 
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. Note that q0 cancels from the equation for E.
Ex. Consider the table top of the previous examples. We assume the environment is the same as before, so at point P there is an electric field of 5.4 N/C directed upward. Now we place a small charge 
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at point O 0.50 m to the left of P. Find the magnitude and direction of the resultant electric field at P.

At point P:
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          E = 12 N/C at 26( above the +x axis.

The fact that we can “overlay” one electric field with another and obtain the resultant electric field using vector addition is called the principle of superposition. Electric and magnetic fields obey the principle of superposition. Not all fields, however, obey this principle. Strong gravitational fields (such as those near a black hole), for example, do not obey the principle of superposition. Weak gravitational fields (such as Earth’s), on the other hand, obey the principle of superposition to a good approximation.

Permittivity of Free Space

It is common practice to express the constant k that appears in Coulomb’s law in terms of another constant, 
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is called the permittivity of free (empty) space. 
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Using the permittivity (instead of k) simplifies some of the formulas of electricity and magnetism. It also provides for a way to describe electric fields inside matter.

The Parallel Plate Capacitor

As we shall see, for some charge configurations the electric field is easy to find. One such example is that of the electric field between two large, flat parallel surfaces called plates. One plate carries a positive charge and the other plate carries an equivalent amount of negative charge. The two plates are placed near one another in a configuration called a parallel plate capacitor. We assume that the dimensions (height and width) of the plates are much larger than the distance between them. The charge on the capacitor is defined as the magnitude of the charge on either plate.


We assume that the charge on each plate is uniformly distributed over its surface. We say each plate has a uniform surface charge. Surface charge density is defined as the charge per unit area on the surface. Surface charge density is usually denoted with a lower case sigma ((). For a uniform surface charge
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where Q is smeared uniformly over the surface area A of the plate. (We assume that Q is smeared only on the surface A facing the reader in the diagram at the right. We will see that in a parallel-plate capacitor, charge resides only on the parallel surfaces of the plates that are nearest one another.)

The electric field 
[image: image12.wmf]E

r

 is directed from the positively charged plate to the negatively charged plate. Near the center of the capacitor the electric field is uniform. Its magnitude is given by


[image: image13.wmf]0

E

s

=

e

.

Are the units of the above formula correct?

In any charged capacitor, the electric field near the edges of its plates is not uniform but “fringes”. There is no simple formula for the magnitude of the electric field in this region.
The Electric Field Inside a Conductor: Shielding

An electric conductor is a material in which electric charge can move easily. Metals such as copper, aluminum and iron are conductors. Conductors have “free electrons” which move easily.

An electric insulator is a material in which electric charge cannot move easily under ordinary conditions. Examples of electric insulators are paper, chalk, rubber, plastic, and air. We will see later, however, that there are certain conditions that cause electric insulators to “break down” and become electric conductors.

In an electric conductor charge moves freely. When the conductor is in electrostatic equilibrium there is no net movement of charge in a conductor. If the charges inside a conductor are disturbed they adjust their positions very quickly to reestablish electrostatic equilibrium. Suppose, for example, an excess negative charge is placed on a piece of copper. As we discussed before, this negative charge consists of many electrons, and each of these electrons repels all the others. Since the conductor allows the electrons to move freely, and since the electrons repel one another, they all move so as to get as far away from each other as possible. For this reason all the excess charge on the piece of copper moves to the surface of the copper to establish electrostatic equilibrium.

At equilibrium under electrostatic conditions, any excess charge resides on the surface of a conductor.
Because of the above result, a conductor such as copper must be electrically neutral inside, since all excess charge moves to the surface. Since it is electrically neutral inside there must be free electrons present to balance the positive charges of the nuclei of the atoms. But since we assume electrostatic equilibrium there is no net motion of these free electrons. We conclude that under electrostatic conditions there is no electric field inside a conductor. If there were an electric field, the free electrons present there would begin to move and we would not have electrostatic equilibrium.

At equilibrium under electrostatic conditions, the electric field at any point within a conducting material is zero.

If we make a conductor hollow we find that there is no electric field inside the cavity, even if the conductor carries an excess charge or even if the conductor is immersed in an external electric field. Hence a charge placed inside the cavity experiences no force.

A conductor shields any charge within it from electric fields created outside the conductor.

Consider an electrically neutral conductor placed in an external electric field. Since electrons are free to move inside the conductor, electrons migrate to the side of the conductor where the electric field lines enter; this leaves excess positive charge on the surface of the conductor where the field lines exit. The excess negative charge on one side of the conductor and the excess positive charge on the other side of the conductor are called induced charges because they are induced by the presence of the external electric field. Inside the conductor, these induced charges set up an electric field in the direction opposite that of the external electric field. The electric field of the induced charges may be called the induced electric field. By the principle of superposition, the net electric field inside the conductor is the vector sum of the external electric field and the induced electric field. What must this resultant electric field be? Why?

Consider again a conductor placed in an external electric field. Assume again that the conductor is in electrostatic equilibrium. Therefore there is no net movement of charge in the conductor. For this reason the electric field lines of the external electric field must intersect the surface of the conductor at right angles. If they did not, there would be a component of the electric field tangent to the surface of the conductor. This electric field component would cause charges (namely, electrons) to move across the surface contradicting our assumption of electrostatic equilibrium.

The electric field just outside the surface of a conductor at electrostatic equilibrium is perpendicular to the surface.
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