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Electrostatics and Coulomb’s Law

The ancient Greeks observed that if you rub amber (fossilized tree sap) on cloth the amber would acquire the ability to attract small bits of straw and dried grass. It was later discovered that some other objects would acquire similar properties when they are rubbed with fur and other materials. This phenomenon is called static electricity. (The word “electricity” is derived from the Greek word for amber.) The objects that acquire the properties of static electricity are said to carry a net electric charge. Objects that carry a net electric charge are said to be charged. The study of static electricity is called electrostatics.

Two Kinds of Electric Charge

Electric charge can be transferred from one object to another by physical contact. Suppose that a rubber rod is rubbed with fur and a glass rod is rubbed with silk. If the rubber rod is placed against a pith ball (a small ball of wadded paper) and removed, the rubber rod is found to repel the pith ball. Similarly, if the glass rod is placed against a second pith ball and removed, the glass rod is found to repel the second pith ball. However, it is found that the rubber rod attracts the second pith ball and the glass rod attracts the first pith ball. Experiments like this show that there are two types of electric charge.

Like charges repel one another and unlike charges attract one another.

For convenience these charges are given algebraic names. One kind of charge is called negative and the other kind of charge is called positive. By convention, the rubber rod in the previous discussion acquired a negative charge.

Questions

What kind of charge did the glass rod acquire? Would the first and second pith balls described above attract or repel one another?

Insulators and Conductors

An electric insulator is a substance through which electric charge does move through easily. Rubber and glass are examples of electric insulators. A net charge placed on an insulator tends to remain static (does not move).

An electric conductor is a substance through which electric charge moves through easily. Metals such as copper and gold are examples of electric conductors.

A demonstration with a device known as an electroscope (shown in class) demonstrates how easily charge moves through a conductor.

Moving (or flowing) charge is said to be an electric current.

SI Unit of Charge

The SI unit of charge is the coulomb (C). The coulomb is defined in terms of the unit of electric current the ampere, which, in turn, is defined in terms of the forces current-carrying conductors exert on one another. (See the handout.)

Atomic Theory of Charge

Experiments show that all matter contains both positive and negative charge. If an object contains equal amounts of positive and negative charge it is said to be electrically neutral.
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Electric charge exists in atoms. An atom consists of a positively charged nucleus containing positively charged protons and neutral neutrons. Surrounding the nucleus is a cloud of negatively charged electrons. If the atom is electrically neutral the number of electrons matches the number of protons. (An atom that is not electrically neutral is called an ion.) The number of protons in the nucleus of an atom is known at the atomic number. The atomic number of an atom determines which element the atom is. Which element is the atom shown in the Figure at the right?

Electric charge is quantized, that is, it can only occur in integer multiples of a fundamental unit. This fundamental unit is known as the charge of the electron. It is denoted by e:

e = 1.60 ( 10-19 C

This is also the charge of the proton. (Note that the charge on the electron is –e and the charge on the proton is +e.)

An excess or deficit of electrons is what gives an object an electrostatic charge. Also, electric current is produced by moving electrons (which is a flow of negative charge). In a solid object, the positive charge bound into the nuclei of the object’s atoms is generally (on average) stationary (does not move).

Electric Current
Electric current is the motion of charge from one location to another. In this course, we will discuss electric currents in conductors.

Electric current in conductors consists of the migration of some of the conductor’s electrons (called the conduction electrons) from one location to another. This current is called the electron current.

However, while studying electric current the American Benjamin Franklin made the (incorrect) assumption that electric current consists of the motion of positive charge. This current is called the conventional current. The conventional current moves in a direction opposite to the electron current. For most cases it does not make any difference whether one describes current in terms of electron current or in terms of conventional current. Hence it is common practice to use conventional current, as we shall do in this course.

The unit of electric current is the ampere (A). A conductor carries a current of one ampere (1.0 A) if one coulomb of charge passes through the conductor in one second.

Coulomb’s Law

In 1784 Charles-Augustin de Coulomb found (by experiment) the law that governs the force that one charge exerts upon another. (Interestingly, Coulomb used a torsion balance similar in form to the one Cavendish used to verify Newton’s law of gravity thirteen years later. Cavendish’s balance, however, was much larger.)

Coulomb’s law applies to point charges, that is, charges whose physical dimensions are small compared to the distance separating them. (Ideally, a point charge would have all its charge confined to a mathematical point. There actually seem to be such objects: the electron, positron and a quark, for example, appear to be point charges.) Also, spherically symmetric charges can be treated as point charges (with all their charge concentrated at their centers) so long as their separation is large enough so that they do not touch one another.

Consider two point charges q1 and q2 separated by a distance r. Coulomb’s law states that the force that one charge exerts on the other charge is directed along the line connecting them and has magnitude
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where k is a constant know as the Coulomb’s law constant. In vacuum or air 
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If q1 and q2 have the same sign the force is repulsive; if q1 and q2 have opposite signs the force is attractive. See the Figure below.
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