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Lecture 1. Electrostatics

Electrostatics studies electric fields of motionless electric charges. Electric fields are created by
electric charges in space. Thus, every charged body is surrounded by its electric field, which
theoretically extends out to infinity. Electric field has got energy and the mass.

Electric Charge

The ancient Greeks discovered as early as 600 B.C. that after they rubbed amber with wool, the
amber could attract other objects. Today we say that the amber has acquired a net electric

charge, or has become charged. The word “electric” is derived from the Greek word elektron,
meaning amber. When you scuff your shoes across a nylon carpet, you become electrically
charged, and you can charge a comb by passing it through dry hair.

Plastic rods and fur (real or fake) are particularly good for demonstrating electrostatics, the
interactions between electric charges that are at rest (or nearly so). After we charge both plastic
rods in Fig. 21.1a by rubbing them with the piece of fur, we find that the rods repel each other.

When we rub glass rods with silk, the glass rods also become charged and repel each other (Fig.
21.1b). But a charged plastic rod attracts a charged glass rod; furthermore, the plastic rod and the
fur attract each other, and the glass rod and the silk attract each other (Fig. 21.1c).
21.1 Experiments in electrostatics. (a) Negatively charged objects repel each other. (b) Positively charged objects repel each ulhcr,|
(c) Positvely charged objects and negatively charged objects attract each other.
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These experiments and many others like them have shown that there are exactly two kinds of
electric charge: the kind on the plastic rod rubbed with fur and the kind on the glass rod rubbed
with silk. Benjamin Franklin (1706-1790) suggested calling these two kinds of charge negative
and positive, respectively, and these names are still used. The plastic rod and the silk have
negative charge; the glass rod and the fur have positive charge.

Two positive charges or two negative charges repel each other. A positive charge and a
negative charge attract each other.

Electric Charge and the Structure of Matter

When you charge a rod by rubbing it with fur or silk as in Fig. 21.1, there is no visible change in
the appearance of the rod. What, then, actually happens to the rod when you charge it? To
answer this question, we must look more closely at the structure of atoms, the building blocks of
ordinary matter.

The structure of atoms can be described in terms of three particles: the negatively charged
electron, the positively charged proton, and the uncharged neutron (Fig. 21.3). The protons and
neutrons in an atom make up a small, very dense core called the nucleus, with dimensions of the
order of 10™ m. Surrounding the nucleus are the electrons, extending out to distances of the
order of 10" m from the nucleus. If an atom were a few kilometers across, its nucleus would be
the size of a tennis ball. The negatively charged electrons are held within the atom by the
attractive electric forces exerted on them by the positively charged nucleus. (The protons and
neutrons are held within stable atomic nuclei by an attractive interaction, called the strong
nuclear force, that overcomes the electric repulsion of the protons. The strong nuclear force has a
short range, and its effects do not extend far beyond the nucleus.)

The masses of the individual particles, to the precision that they are presently known, are
Mass of electron = m, = 9.10938215 x 10™*! kg
Mass of neutron = m, = 1.674927211 x 10’ kg
Mass of proton = m, = 1.672621637 x 10’ kg

Note that the masses of the proton and neutron are nearly equal and are roughly 2000 times the
mass of the electron. Over 99.9% of the mass of any atom is concentrated in its nucleus.
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21.4 (a) A neutral atom has as many
electrons as it does protons. (b) A positive
ion has a deficit of electrons. (c) A nega-
tive ion has an excess of electrons. (The
electron “shells™ are a schematic represen-
tation of the actual electron distribution, a
diffuse cloud many times larger than the
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(a) Neutral lithium atom (Li): (b) Positive lithium ion (Li*):  (c) Negative lithium ion (Li~):
3 protons (3+) 3 protons (3+)
4 neutrons

3 protons (3+)

4 neutrons 4 neutrons

3 electrons (3—) 2 electrons (2—) 4 electrons (4—)

Electrons equal protons Fewer electrons than protons More electrons than protons

Zero net charge Positive net charge Negative net charge

The negative charge of the electron has (within experimental error) exactly the same magnitude
as the positive charge of the proton. In a neutral atom the number of electrons equals the number
of protons in the nucleus, and the net electric charge (the algebraic sum of all the charges) is
exactly zero (Fig. 21.4a). The number of protons or electrons in a neutral atom of an element is
called the atomic number of the element. If one or more electrons are removed from an atom,
what remains is called a positive ion (Fig. 21.4b). A negative ion is an atom that has gained one
or more electrons (Fig. 21.4c). This gain or loss of electrons is called ionization.

When the total number of protons in a macroscopic body equals the total number of electrons,
the total charge is zero and the body as a whole is electrically neutral. To give a body an excess
negative charge, we may either add negative charges to a neutral body or remove positive
charges from that body. Similarly, we can create an excess positive charge by either adding
positive charge or removing negative charge. In most cases, negatively charged (and highly
mobile) electrons are added or removed, and a “positively charged body” is one that has lost
some of its normal complement of electrons. When we speak of the charge of a body, we always
mean its net charge. The net charge is always a very small fraction (typically no more than ) of
the total positive charge or negative charge in the body.

Electric Charge Is Conserved

Implicit in the foregoing discussion are two very important principles. First is the
principle of conservation of charge:

The algebraic sum of all the electric charges in any closed system is constant.

If we rub together a plastic rod and a piece of fur, both initially uncharged, the rod acquires a
negative charge (since it takes electrons from the fur) and the fur acquires a positive charge of
the same magnitude (since it has lost as many electrons as the rod has gained). Hence the total
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electric charge on the two bodies together does not change. In any charging process, charge is

not created or destroyed; it is merely transferred from one body to another.

Conservation of charge is thought to be a universal conservation law. No experimental evidence
for any violation of this principle has ever been observed. Even in high-energy interactions in
which particles are created and destroyed, such as the creation of electron—positron pairs, the
total charge of any closed system is exactly constant.

The second important principle is:
The magnitude of charge of the electron or proton is a natural unit of charge.

Every observable amount of electric charge is always an integer multiple of this basic unit. We
say that charge is quantized. A familiar example of quantization is money. When you pay cash
for an item in a store, you have to do it in one-cent increments. Cash can’t be divided into
amounts smaller than one cent, and electric charge can’t be divided into amounts smaller than the
charge of one electron or proton. Thus the charge on any macroscopic body is always either zero
or an integer multiple (negative or positive) of the electron charge.

Understanding the electric nature of matter gives us insight into many aspects of the physical
world (Fig. 21.5). The chemical bonds that hold atoms together to form molecules are due to
electric interactions between the atoms. They include the strong ionic bonds that hold sodium
and chlorine atoms together to make table salt and the relatively weak bonds between the strands
of DNA that record your body’s genetic code. The tension force in a stretched string and the
adhesive force of glue are likewise due to the electric interactions of atoms.

Conductors, Insulators, and Induced Charges

Some materials permit electric charge to move easily from one region of the material to another,
while others do not. For example, Fig. 21.6a shows a copper wire supported by a nylon thread.
Suppose you touch one end of the wire to a charged plastic rod and attach the other end to a
metal ball that is initially uncharged; you then remove the charged rod and the wire. When you
bring another charged body up close to the ball (Figs. 21.6b and 21.6c), the ball is attracted or
repelled, showing that the ball has become electrically charged. Electric charge has been
transferred through the copper wire between the ball and the surface of the plastic rod.

The copper wire is called a conductor of electricity. If you repeat the experiment using a rubber
band or nylon thread in place of the wire, you find that no charge is transferred to the ball. These
materials are called insulators. Conductors permit the easy movement of charge through them,
while insulators do not. (The supporting nylon threads shown in Fig. 21.6 are insulators, which
prevents charge from leaving the metal ball and copper wire.)
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As an example, carpet fibers on a dry day are good insulators. As you walk across a carpet, the
rubbing of your shoes against the fibers causes charge to build up on you, and this charge
remains on you because it can’t flow through the insulating fibers. If you then touch a
conducting object such as a doorknob, a rapid charge transfer takes place between your finger
and the doorknob, and you feel a shock. One way to prevent this is to wind some of the carpet
fibers around conducting cores so that any charge that builds up on you can be transferred
harmlessly to the carpet. Another solution is to coat the carpet fibers with an antistatic layer that
does not easily transfer electrons to or from your shoes; this prevents any charge from building
up on you in the first place.

Most metals are good conductors, while most nonmetals are insulators. Within a solid metal such
as copper, one or more outer electrons in each atom become detached and can move freely
throughout the material, just as the molecules of a gas can move through the spaces between the
grains in a bucket of sand. The other electrons remain bound to the positively charged nuclei,
which themselves are bound in nearly fixed positions within the material. In an insulator there
are no, or very few, free electrons, and electric charge cannot move freely through the material.
Some materials called semiconductors are intermediate in their properties between good
conductors and good insulators.
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Charging an object
There are three ways that objects can be given a net charge.

1. Charging by friction — this is useful for charging insulators. If you rub one material with
another (say, a plastic ruler with a piece of paper towel), electrons have a tendency to be
transferred from one material to the other. For example, rubbing glass with silk generally leaves
the glass with a positive charge; rubbing rod with fur generally gives the rod a negative charge.

2. Charging by conduction — useful for charging metals and other conductors. If a charged
object touches a conductor, some charge will be transferred between the object and the
conductor, charging the conductor with the same sign as the charge on the object.

3. Charging by induction — also useful for charging metals and other conductors. Again, a
charged object is used, but this time it is only brought close to the conductor, and does not touch
it. If the conductor is connected to ground (ground is basically anything neutral that can give up
electrons to, or take electrons from, an object), electrons will either flow on to it or away from it.
When the ground connection is removed, the conductor will have a charge opposite in sign to
that of the charged object.

Figure 21.7 shows an example of charging by induction. An uncharged metal ball is supported
on an insulating stand (Fig. 21.7a). When you bring a negatively charged rod near it, without
actually touching it (Fig. 21.7b), the free electrons in the metal ball are repelled by the excess
electrons on the rod, and they shift toward the right, away from the rod. They cannot escape from
the ball because the supporting stand and the surrounding air are insulators. So we get excess
negative charge at the right surface of the ball and a deficiency of negative charge (that is, a net
positive charge) at the left surface. These excess charges are called induced charges.

Not all of the free electrons move to the right surface of the ball. As soon as any induced charge
develops, it exerts forces toward the left on the other free electrons. These electrons are repelled
by the negative induced charge on the right and attracted toward the positive induced charge on
the left. The system reaches an equilibrium state in which the force toward the right on an
electron, due to the charged rod, is just balanced by the force toward the left due to the induced
charge. If we remove the charged rod, the free electrons shift back to the left, and the original
neutral condition is restored.

What happens if, while the plastic rod is nearby, you touch one end of a conducting wire to the
right surface of the ball and the other end to the earth (Fig. 21.7c)? The earth is a conductor, and
it is so large that it can act as a practically infinite source of extra electrons or sink of unwanted
electrons. Some of the negative charge flows through the wire to the earth. Now suppose you
disconnect the wire (Fig. 21.7d) and then remove the rod (Fig. 21.7e); a net positive charge is left



Al-Karkh University of Science
College of Science
Department of Medical Physics

Electricity and Magnetism
Lecture 1: Electrostatics
Prepared by: Dr. Nihad K Ali

on the ball. The charge on the negatively charged rod has not changed during this process. The
earth acquires a negative charge that is equal in magnitude to the induced positive charge

remaining on the ball.

21.7 Charging a metal ball by induction.
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