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TOPIC 12
Electrostatics

12.1 Overview
12.1.1 Module 4: Electricity and Magnetism
Electrostatics
Inquiry question: How do charged objects interact with other charged objects and with neutral objects?

Students:
 • conduct investigations to describe and analyse qualitatively and quantitatively:

 – processes by which objects become electrically charged (ACSPH002)
 – the forces produced by other objects as a result of their interactions with charged objects (ACSPH103)
 – variables that affect electrostatic forces between those objects (ACSPH103)

 • using the electric field lines representation, model qualitatively the direction and strength of electric 
fields produced by:
 – simple point charges
 – pairs of charges
 – dipoles
 – parallel charged plates

 • apply the electric field model to account for and quantitatively analyse interactions between charged 
objects using:

 – E
› = F

›
q

 (ACSPH103, ACSPH104)

 – E
› = −v

d
›

 – F
› = 1

4π∈0
× q1q2

r2
 (ACSPH102)

 • analyse the effects of a moving charge in an electric field, in order to relate potential energy, work and 
equipotential lines, by applying: (ACSPH105)

 – V = ΔU
q

, where U is potential energy and q is the charge

12.2 Electric Charge
12.2.1 Electric charge and the structure of atoms
The words electric and electricity are derived from the Greek word for amber: electron. Amber is a natu-
rally occurring substance exuded as a resin from certain trees. As long ago as 500 BC, the Greeks had 
observed that if amber was rubbed it would attract small pieces of material. Today we can observe this 
phenomenon more conveniently using certain man-made materials such as perspex. When a perspex rod is 
rubbed with silk, the rod acquires the ability to attract small pieces of materials such as paper. The rod is 
said to have become electrically charged.

UNCORRECTED P
AGE P

ROOFS



2 Jacaranda Physics 11

c12Electrostatics.indd Page 2 31/07/17  3:32 PM

Some other common observations of bodies becoming electrically charged are:
 • when you walk on a carpet on a dry day your body becomes electrically charged. If you touch a metal 

door handle you feel a slight shock as your body is discharged.
 • on a dry day a car becomes electrically charged as it moves through the air. If you touch the car you feel 

a slight shock as the car discharges through your body.
We now understand electric charge in terms of the basic structure of 

matter. All matter is made of atoms that are themselves made of elec-
trons, protons and neutrons, as shown in figure 12.2.

Electric charge is a property of electrons and protons. Because of 
their electric charge, these particles exert electric forces on each other. 
Protons carry a positive charge; electrons carry a negative charge. 
The positive charge on a proton is equal in magnitude to the negative 
charge on an electron.

The directions of the forces between electric charges are:
 • two positive charges repel one another
 • two negative charges repel one another
 • a positive charge and a negative charge attract one another.

This is summarised as: like charges repel; unlike charges attract.
Neutrons, the third type of particle in atoms, have no electric charge and 

do not experience electric forces. Neutrons are uncharged or neutral.
The SI unit of electric charge is the coulomb (C). The name, is derived 

from Charles Augustin Coulomb (1736–1806), a French physicist who 
studied the forces between electric charges. The coulomb is defined in terms 
of electric current, but for our purposes, it is sufficient to state that a charge 
of one coulomb is approximately equal to the total charge on 6.25 × 1018 
electrons (or 6.25 × 1018 protons). That is, the charge on one electron is 
approximately −1.60 × 10−19 C, and the charge on one proton is approximately 
+1.60 × 10−19 C.

FIGURE 12.3 Charles 
Augustin Coulomb, 
French physicist.

FIGURE 12.1 Lightning is a naturally occurring example of electrical phenomena.

Proton

Neutron

Electron

FIGURE 12.2 The structure of an 
atom
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A coulomb is a very large charge; two charges of 1 C placed 1 metre apart would exert forces on each 
other of approximately 1010 N. A smaller unit of charge, the microcoulomb (μC), is often used. 
(1 μC = 10−6 C)

The symbols Q and q are usually used to represent electric charge. For example: Q = 1.4 × 10−5 C.

12.2.2 Neutral and charged bodies
A body that has equal numbers of protons and electrons will be neutral. As each atom in a body normally 
has equal numbers of protons and electrons, most bodies are neutral. However, it is possible for a body to 
lose some of its electrons or to gain extra electrons.

If a body has gained electrons it will have more electrons than protons. The body has an excess of elec-
trons and is negatively charged. If a body has lost electrons it will have fewer electrons than protons. The 
body has a deficiency of electrons and is positively charged. A charge on a body due to an excess or defi-
ciency of electrons is called an electrostatic charge.

It is always electrons that are gained or lost by a body, as the protons are strongly bound in the nuclei at 
the centres of the atoms. For this reason we talk about excess and deficiency of electrons rather than defi-
ciency and excess of protons.

The deficiency or excess of electrons in a charged body is only a minute fraction (typically no more than 
1 in 1012) of the total number of electrons in the body. When we refer to the charge on a body, it is always 
the net charge that is meant.

12.2.3 Conductors and insulators
A conductor is a material that contains charge carriers; that is, 
charged particles which are free to move through the material. Exam-
ples of conductors and their charge carriers are:
 • salt solutions — the charge carriers are positive and negative ions 

that are free to move through the solution
 • metals — the charge carriers are electrons.

In this preliminary course, metals will be the only conductors 
studied.

An insulator is a material that contains no charge carriers. 
Common insulating materials are dry air, glass, plastics, rubber and 
ceramics. If an insulator is given an electrostatic charge at a particular 
area on the insulator, the charge will remain at that area.

12.2 SAMPLE PROBLEM 1

Calculating number of electrons for a given charge
A body has a charge of +4.60 μC.
(a) Does it have an excess or a deficiency of electrons?
(b) Calculate how many excess or deficient electrons the body has.

SOLUTION:

(a) Since the body is positively charged, it has a deficiency of electrons.
(b) As the charge on one electron is 1.60 × 10−19

 C, the number of deficient electrons, n, that have a 
charge equal to 4.60 μC is given by:

n =
(4.60 × 10−6)

(1.60 × 10−19)
= 2.88 × 1015

Insulating 
stand

–

–

– –
––

– –

+

+

+ +

+

++

+

(a) (b)

FIGURE 12.4 Charge on insu-
lated conductors: (a) Charge on a 
positively charged conductor and 
(b) charge on a negatively 
charged conductor.UNCORRECTED P
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If a conductor is given an electrostatic charge, there are two  
possibilities:

If the conductor is insulated (not earthed), there will be a move-
ment of electrons within the conductor so that the electrostatic charge 
is as widely spread as possible. The electrostatic charge will be dis-
tributed on the surface of the conductor (see figure 12.4).

If the conductor is earthed; that is, if there is a conducting path 
between the conductor and the Earth, electrons will move to or from 
the Earth to neutralise the conductor. See figure 12.5 (note the symbol 
for an earth connection). The Earth is so big that the negative charges 
going to or leaving the Earth produce no detectable charge on it.

12.2.4 Methods of charging
Charging by friction
If two bodies made of different materials are rubbed together, a small number of electrons will be trans-
ferred from one body to the other. The body that has lost electrons will have a deficiency of electrons and 
will be positively charged. The body that has gained electrons will have an excess of electrons and will be 
negatively charged.

The direction in which electrons are transferred depends on what two materials are rubbed together. It is 
possible to list materials so that when two of them are rubbed together, the top-listed material becomes 
positively charged and the bottom-listed material becomes negatively charged. A partial list of this type is 
shown here. Air, Rabbit fur, Glass, Human hair, Nylon, Wool, Silk, Steel, Wood, Perspex.

For example:
 • If glass is rubbed with silk, electrons are transferred from the glass to the silk (see figure 12.6).
 • If perspex is rubbed with wool, electrons are transferred from the wool to the perspex (see figure 12.7).

Charging by contact
If a charged conductor is brought into contact with an uncharged conductor, the charge will be shared 
between the two conductors. The uncharged conductor will be charged by contact.

Figure 12.8 shows a neutral conductor being charged by contact with a positively charged conductor. 
Figure 12.9 shows a neutral conductor being charged by contact with a negatively charged conductor.
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FIGURE 12.6 Positively charging glass by friction.
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are rubbed together
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FIGURE 12.7 Negatively charging perspex by friction.
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FIGURE 12.5 (a) Earthing a 
positively charged conductor and 
(b) earthing a negatively charged 
conductor.
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Charging by Induction
As an example of induced charges, consider what happens when a 

positively charged body is brought near an insulated, uncharged conductor. 
The positively charged body will attract electrons in the conductor. Some 
of these electrons will move to the area of the conductor closest to the 
positively charged body. As a result, that end of the conductor will have 
an excess of electrons (be negatively charged) and the opposite end of the 
conductor will have a deficiency of electrons (be positively charged). The 
charges on the conductor are called induced charges and the process is 
called induction. This is illustrated in figure 12.10.

Because they are closer, the positively charged body attracts the neg-
ative induced charges more strongly than it repels the positive induced charges. There will be a net force of 
attraction between the positively charged body and the conductor. This is illustrated in figure 12.11.

Induced charges are also produced if a charged body is brought near an insulator. For example, a posi-
tively charged body will attract the electrons and repel the nuclei in each atom of the insulator. These forces 
of attraction and repulsion result in a slight separation of positive and negative charges within each atom. 
As a result, one end of the insulator will be negatively charged and the other end will be positively charged, 
as illustrated in figure 12.12.

Induction explains why a charged body attracts small uncharged bodies such as pieces of paper. This is 
illustrated in figure 12.13.
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FIGURE 12.8 Charging by contact with a positively charged body.

–
–
–
–
–

– –
–
–
–
–

–

(a) Before contact
–

–
–

–
–

– –
–

–
–

–
–

(c) After contact(b) During contact — electrons transfer to neutral conductor

–

FIGURE 12.9 Charging by contact with a negatively charged body.
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FIGURE 12.10 Induced 
charges in an insulated 
conductor
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FIGURE 12.11 Attraction 
between a charged body 
and a neutral conductor.
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FIGURE 12.12 Induced 
charges in an insulator.
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Induced charges are usually not permanent; when the charging body is removed the induced charges 
disappear. However, it is possible to charge an insulated conductor permanently by induction. One method 
of doing this is shown in figure 12.14.

12.2.5 Conservation of charge
When two previously neutral bodies are charged by friction, the amount of positive charge produced on one 
body is equal to the amount of negative charge produced on the other body.

When two charged conductors are brought into contact, there is a redistribution of charge between the 
bodies but the total amount of charge remains the same.

Observations such as these lead to the conclusion that the total amount of electric charge never changes; 
that is, electric charge is conserved.

12.2 SAMPLE PROBLEM 2 CONSERVATION OF CHARGE

Two identical, insulated metal spheres carry charges of +3.0 μC and −7.0 μC. The spheres are brought 
into contact and then separated. Calculate the new charge on each sphere.

SOLUTION

The total charge is −4.0 μC. As the spheres are identical, this charge will be shared equally by the 
two spheres. Therefore, the charge on each sphere will be −2.0 μC.

(a) Bring the charged body near two
      touching, insulated conductors.
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(b) Move the insulated conductors
      apart.

–––––
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+ ++
+ +
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– –

– –

++
+

++

(c) Remove the charged body.

FIGURE 12.14 Charging a conductor permanently by induction.

PHYSICS IN FOCUS
Lightning

Lightning is a natural phenomenon that illustrates some of the properties of electric charge. Processes inside 
a storm cloud cause the bottom of the cloud to become negatively charged and the top to become positively 
charged. The mechanism responsible for this separation of charge is not known for certain, but many scien-
tists think that the following happens. The inside of the cloud contains minute particles of ice. When two ice 
particles of different sizes collide, there is a transfer of electrons, so that the smaller particle becomes posi-
tively charged and the larger particle becomes negatively charged. Under the influence of gravity and 
updraughts within the cloud, the larger, negatively charged ice particles move towards the bottom of the 
cloud and the smaller, positively charged ice particles move towards the top of the cloud. Charges in the 
order of a coulomb can accumulate in this way.

The negative charge at the bottom of the cloud repels electrons from the Earth’s surface. The ground under 
the cloud therefore becomes positively charged by induction.

Air is normally an insulator. Before lightning can occur, the air must become conducting. The negative 
charges at the bottom of the cloud and the positive charges on the ground under the cloud exert strong 
forces on the electrons and nuclei of atoms of air between the cloud and the Earth. The electrons experience 
forces towards the Earth; the nuclei experience forces towards the cloud. These forces can be so great that 
some electrons are removed from their atoms. An atom that has lost one or more electrons is positively 
charged. The liberated electrons and the positively charged atoms act as charge carriers, so the air becomes 
conducting. Once this process begins, a complicated chain of events follows which leads to the establishment 
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12.2.6 The development of Coulomb’s Law
For thousands of years, philosophers and scientists tried to explain the various manifestations of electricity, 
but an understanding of the phenomenon was elusive. Both attraction and repulsion were observed, but 
initially repulsion was considered less important. In 1551 Girolamo Cardano realised that this electrical 
attraction was different from magnetic attraction. In 1600 William Gilbert, the physician to Elizabeth I, 
found that other substances such as glass and wax could be ‘electrified’, but he concluded that metals could 
not. In 1729 Stephen Gray discovered that electric charge could pass through materials such as the human 
body and metals. He concluded that some objects are conductors and others insulators. In 1734 Charles du 
Fay showed that Gilbert was wrong about metals: they could be charged as long as the metal was in a 
handle of glass. However, du Fay thought there were two fluids, to explain the two types of charge, whereas 
Benjamin Franklin in 1746 suggested there was only one fluid. Objects with an excess of this fluid were 
designated positively charged, while negatively charged objects were deficient in the fluid.

Experiments continued, not only to identify what electricity was, but also to determine how strong the 
electric force was and what affected its strength.

In 1766 Franklin tried an experiment involving a hollow metal sphere with a small hole. He charged up the 
sphere and then lowered a small cork carrying an electric charge inside the sphere. Nothing happened to it — 
it was not pushed around, no matter where he placed the test charge. He wrote about this to his friend Joseph 
Priestley in England. Priestley was aware of Newton’s Law of Universal Gravitation, which is an inverse 

square law (F ∝ 1

r2
). He also knew that Newton had proved mathematically that because of the inverse square 

law, no net gravitational force exists inside a hollow sphere. That is, at every point inside the sphere, the grav-
itational force from the mass on one side is balanced by the force from the mass on the other side.

Priestley confirmed Franklin’s results and realised that this was strong evidence that the inverse square 
law applied to electricity. In 1767 he published his finding that electric force was an inverse square law. 
Unfortunately, his paper went unnoticed by other scientists of his time.

WORKING SCIENTIFICALLY 12.1
A charged rod can be used to pick up small piece of paper or confetti. Devise an experiment that would allow 
you to find the relationship between the amount of charge given to the rod and the maximum mass of paper 
that can be picked up.

of a conducting path between the cloud 
and the Earth. Immediately after the 
conducting path is complete there is a 
flow of negative charge from the cloud 
to the ground. This is a lightning flash 
and is shown in figure 12.1. A lightning 
flash usually consists of about four sep-
arate strokes, each stroke lasting about 
30 microseconds.

The air along the path of a lightning 
stroke is heated to a temperature of about 
20 000°C, producing light. The heated air 
expands producing a shock wave in the 
surrounding air that is heard as thunder.

As well as occurring between a cloud 
and the Earth, lightning also occurs 
within a cloud and between two clouds. 
Figure 12.15 illustrates different paths 
that lightning may travel.
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FIGURE 12.15 Different paths for lightning.
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 If the force between two charges was an inverse square law, that is,   F ∝ 1
r n

   where   n = 2  , could the value 
of   n   be experimentally confi rmed? 

 In 1769 John Robison investigated how the 
force between charges changed with separa-
tion. He determined the value of the power,   n  , 
to be   2.06  , very close to   2  . In the 1770s Henry 
Cavendish measured the value as between   1.96   
and   2.04  , but he never published his results. 

 In 1788 and 1789 Charles-Augustin de 
Coulomb published a series of   8   papers on dif-
ferent aspects of his electrical experiments, showing that the electric force 
satisfi ed the inverse square law.   

     These results are no better than the earlier ones, so why was Coulomb’s 
Law named after him? 

 Coulomb’s papers were excellent examples of scientifi c writing. They were 
well organised and thorough. He described his apparatus in detail, and he dis-
cussed possible sources of error in his measurements. He also used two dif-
ferent methods to determine the value of   n  , obtaining the same result with each. 

 To investigate the force between two charges, Coulomb designed a torsion 
balance. His torsion balance had a long silk thread hanging vertically with a hori-
zontal rod attached at the end. On one end of the rod was a small metal-coated 
sphere. On the other end was a sphere of identical mass to keep the rod level. The 
metal sphere was given a quantity of charge and a second metal sphere, charged 
with the same type of charge, was lowered to be in line with the fi rst sphere. The 
electrical repulsion caused the silk thread to twist slightly. The angle of twist or 
defl ection of the rod was a measure of the strength of the repulsive force.  

 Coulomb was able to measure the force to an accuracy of less than a millionth of a Newton. 
  Coulomb’s Law:  The force between two charges at rest is directly proportional to the product of the 
magnitudes of the charges and inversely proportional to the square of the distance between them.  

   F ∝ q1q2

r2
   

 This expression has no equals sign; it is not an equation or formula. Coulomb was able to measure the force 
and separation very accurately, but charge was such a new concept that there were no units to measure it. 
Coulomb was only able to show that halving the size of each charge reduced the size of the force by a quarter. 

 It was not until the unit for current, the ampere, was defi ned and precisely measured that a unit for 
charge could be defi ned and calculated using the   relationship charge = current × time     (Q = I × t)  . This 
unit was called the coulomb after Charles-Augustin de Coulomb. One coulomb of charge equals the amount 
of charge that is transferred by one ampere of current in one second. 

 A coulomb of charge is a large quantity of charge. For example, the amount of charge transferred when fur 
is rubbed against a glass rod is a few millionths of a coulomb. In a typical lightning strike, about 
  20   coulombs of charge is transferred, whereas in the lifetime of an AA battery, about   5000   coulombs passes 
through the battery. 

 When the electron was discovered, its charge was determined as   1.602 × 10−19   coulombs, which means 
that the total charge of   6.241 × 1018   electrons would equal one coulomb. 

 Once a unit to measure charge was available, the above relationship for the force between charges could 
be written as an equation with a proportionality constant, k: 

   F = kq1q2

r2
   

thin thread

insulating
rod

scale

charged spheres

+ +

  FIGURE 12.16  Coulomb’s 
torsion balance.  

  TABLE 12.1 The results of some of Coulomb’s experiments  

        Distance   

   Observed force      Observed   
   Calculated from the 
inverse square law   

    36   units      36   units      36   units  

    144   units      18   units      18   units  

    576   units      8.5   units      9   units  
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The value of the constant k depends upon the medium in which the charges are placed. Some media are 
more resistant to the establishment of an electric field, a quality that is reflected in the material’s permit-
tivity constant, ε. The value of k is related to the permittivity by the equation

k = 1
4 π ε

In a perfect vacuum, where there are no molecules, the permittivity is equal to 8.854 × 10–12 C2 N–1 m–2. 
This value is referred to as the permittivity of free space, εo. As a result, for a vacuum,

k = 1
4 π εo

  = 1

4 π 8.854 × 10−12 

= 8.9988 × 109 N m2 C−2

The value of k for air is similar to that for a vacuum. For ease of calculation and remembering, the value 
of k is usually approximated to 9.0 × 109 N m2 C−2. While this constant has no special name, it is usually 
referred to as ‘the electric force constant’ or ‘Coulomb’s constant’.

WORKING SCIENTIFICALLY 12.2
Build an apparatus that would allow you to replicate Coulomb’s experiment.

12.2 Exercise 1
1 When glass is rubbed with silk, the glass becomes positively charged. Explain, using a diagram, how 

this happens.
2 When referring to charged bodies, explain what is meant by:

(a) excess of electrons
(b) deficiency of electrons.

3 When each of these pairs of materials are rubbed together, identify which of the pair ends up with 
excess negative charge:
(a) nylon and perspex
(b) rabbit fur and steel
(c) glass and wool.

4 A body has a positive charge of 2.00 × 10−6 coulombs. Calculate the number of electrons it has lost.
5 How far apart would two charges, each of 1.0 coulomb, need to be to each experience an electric 

force of 10 N?
6 How many electrons would need to be removed from a coin to give it a charge of +10 μC?
7 The radius of a hydrogen atom is 5.3 × 10–11 m. What is the strength of the electric force between the 

nucleus and the electron?
8 If the force between two charges was 400 mN, how far apart would they need to be moved for the force 

to reduce by one-eighth?
9 Two small, positively charged spheres have a combined charge of 5.0 × 10–5 C. If each sphere is 

repelled from the other by an electrostatic force of 1.0 N when the spheres are 2.0 m apart, what is the 
charge on each sphere?

10 Two point charges of +6 μC and –4 μC are placed on the x-axis at x = 0 and x = 20 cm respectively. 
What will be the magnitude and direction of the net electrostatic force acting on a +8 μC point charge 
positioned at x = 30 cm?

Try out this Interactivity: Doing the twist
Searchlight ID: int-6608

RESOURCES
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12.3 Electric fields
12.3.1 Field model of electric forces
Up to now we have considered a model where two electric charges exert 
forces directly on one another as shown in figure 12.17.

A different way of looking at the interaction between electric charges is in 
terms of electric fields. An electric field is a region where an electric charge 
experiences a force. On the field picture, every electric charge is surrounded 
by an electric field. If another charge, q, is placed in this electric field, the 
field exerts a force, F, on it. The field picture of electric force is illustrated 
in figure 12.18.

When two charges are brought close together, each charge is in the field of 
the other and experiences a force. This is illustrated in figure 12.19. Note that the field surrounding a charge 
does not exert any force on the charge itself, only on other charges placed in the field.

12.3.2 Electric field strength
An electric field exists at a point if an electric charge placed at the 

point experiences a force. The direction of the electric field at a point is 
defined as the direction of the force that acts on a positive electric 
charge placed at the point. A negative charge placed in an electric field 
experiences a force in the opposite direction to the field. This is illus-
trated in figure 12.20.

Compare an electric field with a gravitational field. An apple placed in 
the Earth’s gravitational field experiences a force in the direction of the 
field, that is, downwards. The electrical situation is complicated by the fact that there are two different 
types of charge, positive and negative. A positive charge experiences a force in the direction of the field; a 
negative charge experiences a force in the opposite direction to the field. This is illustrated in figure 12.21.

The magnitude of the electric field strength, E, at a point is found by putting a charge, q, at the point 
and measuring the force, F, which the field exerts on it.

This is illustrated in figure 12.22. The magnitude of the electric field strength is defined by the formula 

E = F
q

.

This can be expressed as: The magnitude of the electric field strength at a point is the magnitude of the 
force per unit charge at the point.

The SI unit of electric field strength is newton coulomb−1 (N C−1).

Force that
q1 exerts on q2

q1 q2

+ +

FIGURE 12.17 An 
electric charge exerting 
a force directly on 
another charge.

Field surrounding Q exerts a force
on q.  

Electric �eld surrounding Q 

Q

F

q
+ +

FIGURE 12.18 Field picture 
of electric force.

q1 q2

Field surrounding q1 exerts a force
on q2.

F F

q1 q2

Field surrounding q2 exerts a force
on q1.

+ + + +

FIGURE 12.19 Field picture of forces between two charges.

Direction of electric field

F

F

–

+

FIGURE 12.20 Direction of 
force on a charge place in 
an electric field.
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Force and electric field strength are vector quantities — they have magnitude and direction. We have 
defined the magnitude and the direction of the electric field strength separately, but it is possible to use a 
single definition that covers both.

(a) Gravitational
      field

(b) Electric
      field

F F

F

–

+

FIGURE 12.21 Comparison 
of electric and gravitational 
fileds.

F

F

E

E =

q

q

+

FIGURE 12.22 Finding the 
magnitude of the electric 
field strength.

12.3 SAMPLE PROBLEM 1 CALCULATING ELECTRIC FIELD STRENGTH

A charge of +3.0 μC, placed at a point in an electric field, experiences a force of 2.0 × 10−4 N east. 
Calculate the electric field strength at the point.

SOLUTION:

The magnitude of the electric field strength is given by the formula:

E =
F
q

= (2.0 × 10−4)

(3.0 × 10−6)
= 6.7 × 101 N C−1.

The positive charge experiences a force to the east, therefore the direction of the electric field is east.

12.3 SAMPLE PROBLEM 2 CALCULATING FORCE ON A CHARGE IN AN ELECTRIC FIELD

A charge of −4.0 μC is placed at a point where the electric field strength is 6.0 × 103 N C−1 north.  
Calculate the force that will act on the charge.

SOLUTION

             E = F
q

6.0 × 103 = F

(4.0 × 10−6)
             F = 2.4 × 10−2 N

As the charge is negative, it will experience a force in the opposite direction to the field. Therefore, 
the direction of the force is south. Note that the sign of q is not used in this calculation.UNCORRECTED P

AGE P
ROOFS
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If a force, F, acts on a positive charge, +q, placed at a point in an electric field, then the electric field 

strength, E, at the point is given by the equation: E = F
+q

. That is, the magnitude and direction of the elec-

tric field strength at a point is equal to the magnitude and direction of the force per unit positive charge 
placed at the point.

Note the use of bold to indicate vector quantities.
By combining the equation for electric field strength with Coulomb’s Law, an equation can be derived 

that can determine the electric field strength at a set distance from a point charge.
Let q be a test charge separated from a point charge Q by a distance r. According to Coulomb’s Law, the 

force exerted by the point charge Q on the test charge q in free space is described by:

F = 1
4πεo 

× Q q

r2
 (1)

The electric field strength experienced by the test charge q is related to the force exerted on it by Q:

E = F
q

 (2)

This can be rearranged to give F in terms of E and q:

F = E q (3)

As (1) and (3) describe the same force, they can be equated:

1
4πεo 

× Q q

r2
= E q

This can be reduced to:

E = 1
4πεo 

× Q 

r2

or,

E = k Q

r2

12.3.3 Examples of electric fields
Electric fields are represented in a diagram by lines of electric field. These lines have no physical reality, 
but are very useful for picturing the direction and the magnitude of the electric field.

The direction of the electric field lines indicates the direction of the electric field.
The spacing of the electric field lines indicates the magnitude of the electric field. The closer together the 

lines, the stronger the field.

12.3 SAMPLE PROBLEM 3

What is the magnitude and direction of the electric field at a point 30 cm left of a point charge  
of +2.0 × 10−5

 C?

SOLUTION

Using E = kQ

r 

2
, 

          E = 9.0 × 109 N m2 C−2 × 2.0 × 10−5 C

(30 × 10−2m)2

= 2.0 × 106 N C−1.

Because the point charge is positive, the direction of the electric field is to the left.
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Electric field surrounding a positive point charge
Consider a positive point charge, +Q. To determine the direction of the electric field surrounding +Q, a 
small positive test charge, +q, is placed near +Q. The direction of the force on +q will be away from +Q, 
as shown in figure 12.23. The electric field surrounding +Q will therefore point away from +Q.

Figure 12.24 shows the electric field surrounding a positive point charge, +Q. As you go further from the 
charge, the electric field lines are further apart indicating that the field is becoming weaker.

Figure 12.25 shows the forces that act on positive and negative charges placed in the field surrounding a 
positive point charge. A positive charge, +q, placed in the field will experience a force in the direction of 
the field; that is, away from the positive charge +Q. A negative charge, −q, placed in the field will experi-
ence a force in the opposite direction to the electric field; that is, towards the positive charge +Q.

In diagrams, electric fields are represented in two dimensions. It should be noted that electric fields are 
three dimensional.

Electric field surrounding a negative point charge
Consider a negative point charge, −Q. To determine the direction of the electric field surrounding −Q, a 
small positive test charge, +q, is placed in the field. The force on +q will be towards −Q. Therefore, the 
electric field surrounding −Q will be towards −Q. This is illustrated in figure 12.26.

Figure 12.27 shows the electric field surrounding a negative point charge, −Q.
Figure 12.28 shows the forces that act on charges placed in the field surrounding a negative point charge. 

A positive charge, +q, placed in the field will experience a force in the direction of the field; that is, 
towards the negative charge −Q. A negative charge, −q, placed in the field will experience a force in the 
opposite direction to the electric field; that is, away from the negative charge −Q.

+q

F

+Q

FIGURE 12.23 Direction of 
the force on a positive 
test charge placed in the 
field surrounding a 
positive point charge

+Q
E

FIGURE 12.24 
Electric field sur-
rounding a positive 
point charge

F

F
+Q

+q

–q

FIGURE 12.25 Forces 
on charges placed in 
the field surrounding a 
positive point charge

F
–Q

+q

FIGURE 12.26 Force 
on a positive charged 
in the field surrounding 
a negative point 
charge.

E
–Q

FIGURE 12.27 Electric 
field surrounding a 
negative point charge

F

F
–Q

+q

–q

E

FIGURE 12.28 Forces 
on charges placed in 
a field surrounding a 
negative point charge
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Electric fields surrounding pairs of point charges
When there is more than one point charge producing an electric field, the fields from the individual charges 
combine to produce a single resultant field. Figures 12.29 to 12.33 show examples of electric fields pro-
duced by two point charges a small distance apart. In some of these examples, there are points where the 
fields from the two charges cancel one another. At these points, called null points, the electric field strength 
is zero. Null points are marked ‘n’ in the diagrams.

In drawing lines of electric field the following points should be noted:
 • lines start on positive charges and end on negative charges
 • lines never cross (the field cannot have two directions at a point)
 • the greater the charge, the greater the number of lines starting or ending on it
 • equal charges have equal numbers of lines starting or ending on them.

Dipole fields
When a positive charge and a negative charge are sepa-
rated by a short distance, the electric field around them is 
called a dipole field. This concept is more relevant to 
magnetic fields, where the ends of a bar magnet have dif-
ferent polarities (north and south). However, electric 
dipoles do occur in nature.

Electric dipoles mainly occur with the shared elec-
trons in the bonds between atoms in molecules. For 
example in a molecule of water, H2O, the oxygen atom 
more strongly attracts the shared electrons than do 

n E+ +

FIGURE 12.29 Electric field 
due to two equal positive 
point charges

n– – E

FIGURE 12.30 Electric field 
due to two equal negative 
point charges

–+ E

FIGURE 12.31 Electric field 
due to equal positive and 
negative point charges

E + –

FIGURE 12.32 Electric field 
surrounding unequal positive 
and negative point charges

+n E+

FIGURE 12.33 Electric field 
surrounding two unequal 
positive point charges

partial negative charge

partial positive charge

H H

O
− −

− −

FIGURE 12.34 A water molecule (H2O) 
displays polarity because the shared 
electrons are attracted more strongly to the 
oxygen atom than to the hydrogen atoms.UNCORRECTED P
AGE P
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each of the hydrogen atoms. This makes the oxygen end of the mol-
ecule more negatively charged and the hydrogen end more positively 
charged. Because of this, the water molecule is called a polar mole-
cule. It is this polarity that makes water so good at dissolving 
substances.

An antenna can be described as a varying electric dipole. To pro-
duce a radio or a TV signal, electrons are accelerated up and down the 
antenna. At one moment the top may be negative and the bottom posi-
tive, then a moment later the reverse is the case.

Q

E

–
–
–
–

+

+
+

+

FIGURE 12.35 Partial 
circuit diagram of an 
antenna

AS A MATTER OF FACT
The structure of DNA and electrical attraction

A DNA molecule is a long chain mole-
cule built from four small molecules: 
adenine (A), cytosine (C), guanine (G) 
and thymine (T). These are arranged 
along the DNA molecule according to a 
code called the genetic code. Different 
sequences of A, C, G and T code for 
different amino acids, which are com-
bined one after the other to produce 
different protein molecules. Two DNA 
molecules wrap around each other in a 
spiral to produce a double-helix chro-
mosome.

The two DNA molecules in the helix are held 
together by electrical attraction between the polar 
ends of the four small molecules, A, C, G, and T. The 
chromosome is able to replicate itself because A and 
T can only pair up with each other, and likewise C and 
G can only pair up with each other. If there is an A on 
one strand, there must be a T immediately opposite 
on the other strand, and so on.

Figure 12.37 shows that one of the oxygen atoms 
in the thymine molecule is slightly negative, and one 
of the hydrogen atoms in the adenine molecule is 
slightly positive. Similarly, a hydrogen atom in the thymine 
molecule is slightly positive, and a nitrogen atom in the 
adenine molecule is slightly negative. These two slight 
electrical attractions are enough to hold these two mole-
cules together, and the separations across these weak 
bonds are comparable in length.

Guanine and cytosine have a similar arrangement, 
except that there are three pairs of electrical attraction. 
Most importantly, the separations of the weak bonds 
between guanine and cytosine are comparable to each 
other and also to those of adenine and thymine. Without 
this matchup of separations, a chromosome could not hold 
together, nor could it form a double helix.

0.280
nm

thymine

adenine

0.300
nm

–

–

–

–

+

+

+
N

N

C

CH

H H

H
N

H

C

H C

N

O

C

H

HN

C

O

C

N

C

C N

C

H

FIGURE 12.37 Electrical attraction between 
thymine and adenine molecules
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Hguanine cytosine

N

N C
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C N

CH
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0.290 nm

0.300 nm

FIGURE 12.38 Electrical attrac-
tion between guanine and 
cytosine molecules
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T
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FIGURE 12.36 Electrical attraction in a DNA molecule
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12.4 Electric Potential Energy
12.4.1 Electric potential of charges in fields
Recall that potential energy is stored energy. An electric charge placed in an electric field has electric 
potential energy, which is similar to the gravitational potential energy of a mass in a gravitational field. 
The SI unit of electric potential energy is the joule (J).

A positive charge, +q, in an electric field will experience a force, F, in 
the direction of the field. If the charge is free to move, it will move in the 
direction of the field, increasing in speed and therefore gaining kinetic 
energy. The gain in kinetic energy has come from a loss in electric poten-
tial energy. This is illustrated in figure 12.39. (The free movement of a 
charge in an electric field is similar to a mass falling in the Earth’s gravi-
tational field.)

To move the positive charge in the opposite direction to the field, energy must be expended to increase 
the electric potential energy of the charge.

When a positive charge moves in the direction of an electric field, its electric potential energy 
decreases. When it moves in the opposite direction to an electric field, its electric potential energy 
increases. (Moving a positive charge in the opposite direction to an electric field is similar to raising a 
mass in a gravitational field.)

A negative charge, −q, in an electric field will experience a force, F, in 
the opposite direction to the field. If the negative charge is free to move, it 
will move in the opposite direction to the field, increasing in speed and 
therefore gaining kinetic energy. The gain in kinetic energy has come 
from a loss in electric potential energy. This is illustrated in figure 12.40.

To move a negative charge in the direction of the field, energy must be 
expended to increase the electric potential energy of the charge.

12.3 Exercise 1
1 Draw the electrical fields around the following configurations:

(a) two separated negative charges
(b) two positive charges and two negative charges at the corners of a square with like charges diagonally 

opposite each other.
2 Sketch the electric field around two positive charges, A and B, where the charge on A is twice that on B.
3 Two charged objects, A and B, are held a short distance apart. Which object is the source of the 

electric field that acts on B?
4 What is the magnitude and direction of the electric field at a point 50 cm to the right of a point charge of 

−3.0 × 10−6 C?
5 An electric force of 3.0 N acts downwards on a charge of −1.5 μC. What is the strength and direction of 

the electric field?
6 Determine the strength of the electric field 30 cm from a charge of 120 μC.
7 What is the strength of the electric field 1.0 mm from a proton?
8 At a point in an electric field, a positive charge of 3.00 × 10−6 C experiences a force of 6.50 ×  10−4 N 

east. Calculate the electric field strength at the point in magnitude and direction.
9 A +60 μC charge and a +80 μC charge are placed 20 cm apart. At what point is the net electric field 

equal to zero?
10 A proton and an electron form two corners of an equilateral triangle that has a side length of 

2.0 × 10−6 m. What is the magnitude and direction of their net electric field at the third corner?

Charge accelerates in direction of
�eld.

F
E

+

FIGURE 12.39 Positive 
charge moving freely in an 
electric field

Charge accelerates in opposite
direction to �eld.

F

E
–

FIGURE 12.40 Negative 
charge moving freely in an 
electric fieldUNCORRECTED P
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When a negative charge moves in the opposite direction to an electric field, its electric potential energy 
decreases. When a negative charge moves in the direction of an electric field, its electric potential energy 
increases.

12.4.2 Potential difference
The potential difference between two points in an electric field 
is the change in electric potential energy per coulomb of charge 
that moves between the points.

Consider a charge, q, that moves between two points in an 
electric field. If the change in the electric potential energy of 
the charge is ΔU, then the potential difference, V , between the 

points is given by the formula: V = ΔU
q

.

Figure 12.41 shows a charge moving between two points in 
an electric field.

The SI unit of potential difference is the volt (V). A volt is  
equivalent to a joule coulomb−1. Potential difference is also 
referred to as voltage.

Note that in this book the symbol ‘V’ is used for potential difference and the symbol ‘V’ for its unit, the 
volt. For example V = 10V. This distinction is not made in ordinary handwriting.

A more complete treatment of potential difference 
distinguishes between a potential rise and a potential 
drop. This is similar to a rise in height and a drop in 
height in a gravitational field. Figure 12.42 illustrates 
the comparison between an electric field and a gravita-
tional field.

+q

V

ΔU = change in electric potential energy

V = 
q

ΔU

E

FIGURE 12.41 Potential difference 
between two points in an electric fields

12.4 SAMPLE PROBLEM 1 POTENTIAL DIFFERENCE

When a charge of 2.50 × 10−4 C moves between two points in an electric field, the electric potential 
energy of the charge changes by 5.00 × 10−2

 J.
(a) Calculate the potential difference between the two points.
(b) Calculate the change in potential energy if a charge of  7.60 × 10−2 C were moved between the two points.

SOLUTION

(a) V = ΔU
q

= (5.00 × 10−2)

(2.50 × 10−1)
= 2.00 × 102 V

(b)                V = ΔU
q

2.00 × 102 =
ΔU

(7.60 × 10−2)
           ΔU = (2.00 × 102) × (7.60 × 10−2)

= 1.52 × 101 J
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FIGURE 12.42 Comparison between electric 
potential difference and change in height in a 
gravitational field.
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12.4.3 Changes in potential energy and kinetic energy in an  
electric field
A small positive charge is placed at point Q, some distance from a central positive charge. To move the 
charge to point P, you will need to push inwards against the repulsive electrical force. At point P the small 
charge will have electrical potential energy, like a compressed spring. The amount of potential energy it has 
will be equal to the area under the field–distance graph times its charge. If the small charge was released, 
all this potential energy would be converted into kinetic energy by the time the charge reached Q.

If instead a small negative charge was placed at Q, it would experience an attractive electrical force, and 
when the charge reached P, the shaded area would represent its gain in kinetic energy.

12.4 Exercise 1
1 True or false? “Electrons tend to move towards regions of high electric potential.”
2 In which of the following cases is positive work done:

(a) moving a negative charge from a potential of 10 V to a potential of 5 V
(b) moving a positive charge closer to another positive charge
(c) moving a negative charge in the same direction as the electric field
(d) moving a positive charge in the same direction as the electric field?

3 It takes 5 J of energy to move a charge of +5 × 10–4 C from point A to point B. What is the potential 
difference between A and B?

4 What is the potential difference between two points if it takes 10 J of work to move −0.04 C from one 
point to another?

5 What is the potential difference between two points that are 50 cm and 80 cm respectively from a point 
charge of +2 μC?

6 A proton is placed 2 cm from a point charge of +4 μC. When released it begins to move.
(a) What is the magnitude and direction of the electric field strength experienced by the proton at its starting 

position?
(b) What is the potential difference between the proton’s starting position and its position when it has 

travelled 8 cm?
(c) At what speed is the proton travelling when it is 10 cm away from the point charge?

0

P

E

r

Q

FIGURE 12.44 A field– 
distance graph for a 
positive charge at P near a 
central positive charge at Q

+ r E
P

− r P
E

(a)

(b)

E

0 r

E

0 r

FIGURE 12.43 Diagrams and field– 
distance graphs for the electric field 
around (a) a positive charge and (b) a 
negative charge
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12.5 Uniform electric fields
12.5.1 Electric field between parallel plates
If a set of positive and negative charges were lined up in two rows facing 
each other, the lines of electric field in the space between the rows 
would be evenly spaced, that is, the value of the strength of the field 
would be constant. This is called a uniform electrical field.

It is also very easy to set up. Just set two metal plates a few centime-
tres apart, then connect one plate to the positive terminal of a battery 
and connect the other plate to the negative terminal of the battery. The 
battery will transfer electrons from one plate, making it positive, and put 
them on the other, making that one negative. The battery will keep on 
doing this until the positive plate is so positive that the battery’s voltage, 
or the energy it gives to each coulomb of electrons, is insufficient to 
overcome the attraction of the positive charged plate. 
Similarly, the negatively charged plate will become 
so negative that the repulsion from this plate prevents 
further electrons being added.

If a space contains a uniform field, that means that 
if a charge was placed in that space it would experi-
ence a constant electric force, F = Eq. The direction 
of the force on a positive charge will be in the direc-
tion of the field, and the force on a negative charge 
will be opposite to the field direction. Also, because 
the force is constant, the acceleration will be con-
stant. As we will see later, the situation with a charged 
particle in the space between the plates in the figure 
above is similar to the vertical motion under gravity. Indeed, if a charged particle is injected with speed into 
the field from one side, its subsequent motion is similar to projectile motion.

12.5.2 What is the strength of a uniform electric field?
In the situation of an electric field between two plates, it is not easy to apply Coulomb’s Law, as there are 
many charges on each plate interacting with each other. An alternative approach is needed — one that uses 
the concept of energy.

The emf of a battery, or its voltage, is the amount of energy that the battery gives to each coulomb of 
charge. A battery of V  volts would use up V  joules of energy transferring one coulomb of electrons from 
the top plate through the wires to the bottom plate. Once on the negative plate, this coulomb of electrons 
would have V  joules of electrical potential energy.
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+
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+
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FIGURE 12.45 A uniform 
electric field
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DC 
supply
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FIGURE 12.46 An electric field between two 
plates
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FIGURE 12.47 Electric field strength equals the gradient of the voltage–distance 
graph.
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If this coulomb of electrons could be released from the negative plate, it would be accelerated by the con-
stant force of the electric field between the plates, gaining kinetic energy like a stone falling in a gravitational 
field. And as in a gravitational field, the gain in kinetic energy equals the loss in electrical potential energy.

The gain in kinetic energy of one coulomb of charge = V  joules.
The gain in kinetic energy for q coulombs of charge = qV  joules.
This is the relationship ΔU = qV .

Work done on quantity of voltage drop or
q coulombs of charge (ΔU   ) 

=  
charge (q) 

×  
potential difference (V  )

However, work done (ΔU) also has a definition of motion:

Work done (ΔU) = force (F) × displacement (d)
                     ΔU = Fd

But the force, if it is an electrical force, is given by F = qE, so ΔU = qE × d, where d in this instance is 
the separation of the plates.

Equating the two expressions for work done,

qE × d = q × V .
Cancelling the charge, q, gives

E = V
d

.

This provides an alternative unit for electric field of volts per metre or Vm−1. So, like gravitational field 
strength, electric field strength has two equivalent units: either newtons per coulomb or volts per metre. 
Using volts per metre makes it very easy to determine the strength of a uniform electric field.

12.5 SAMPLE PROBLEM 1

What is the strength of the electric field between two plates 5.0 cm apart connected to a 100 V DC 
supply?

SOLUTION

V = 100 V,  d = 5.0 cm = 5.0 × 10−2 m,  E = ?

E = V
d

= 100 V

5.0 × 10−2 m
= 2000 V m−1

12.5 Exercise 1
1 A 6 V battery is connected to two parallel plates as shown. 

X,  Y and Z are positions between the plates.
(a) Which of these statements is true:

A.  X and Y are at the same electric potential
B.  X and Z are at the same electric potential
C.  The electric field strength at Z is greater than at X
D.  The electric field strength at X is greater than at Y?

(b) If the plates are 4 cm apart and position X is located 1 cm 
from the top plate, what is the electric field strength at X?

(c) What is the direction of the electric field at Y?
A.  Left to right
B.  Right to left
C.  Top plate to bottom plate
D.  Bottom plate to top plate

X Y

Z

6 V

FIGURE 12.48
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12.6 Review
12.6.1 Summary
 • Protons have a positive electric charge; electrons have a negative electric charge.
 • Like charges repel; unlike charges attract.
 • The SI unit of charge is the coulomb (C).
 • Positively charged bodies have a deficiency of electrons; negatively charged bodies have an excess of electrons.
 • Bodies can be given electrostatic charges by friction, contact and induction.
 • An electric field is a region where an electric charge experiences a force.
 • The electric force between two objects with charges q1 and q2 separated by a distance of r metres is given 

by F = k 
q1q2

r2
 where k = 1

4πε0
. This equation is called Coulomb’s Law, and k = 9 ×  109 N m2 C–2 in air.

 • Every electric charge is surrounded by an electric field E. The electric field strength at a point is defined 

as the force per unit charge on a positive charge placed at that point: E =  
F
q

 • The direction of the electric field strength at a point is the direction of the force on a positive charge 
placed at the point.

 • The direction of the electric field surrounding a positive charge is away from the charge; the direction of 
the electric field surrounding a negative charge is towards the charge.

 • A charge in an electric field has electric potential energy. When a positive charge moves in the direction 
of an electric field, its electric potential energy decreases. When a negative charge moves in the opposite 
direction to an electric field its electric potential energy decreases.

 • The potential difference between two points in an electric field is the change in electric potential energy 

per coulomb when a charge moves between the two points: V =  

ΔU
q

 • The SI unit of potential difference is the volt. One volt is equivalent to one joule per coulomb.
 • A uniform electric field exists between two metal plates connected to a DC supply. The strength of the 

electric field, E, is given by the voltage drop or potential difference across the plates, V , over the plate 

separation, d: E =  

V
d

.

3 Two parallel metal plates are separated by 1 cm and are connected to a 12 V battery. How much work 
must be done to move an electron from the positive plate to the negative plate?

4 (a) Calculate the strength of the electric field between a storm cloud 1.5 km above ground and the 
ground itself if the voltage drop or potential difference is 30 000 000 V. Assume a uniform field.
(b) How would the strength of the electric field change if the storm cloud was higher?

5 Two metal plates, X and Y, are set up 10 cm apart. The X plate is connected to the positive terminal of a 
60 V battery and the Y plate is connected to the negative terminal. A small positively charged sphere is 
suspended midway between the plates and it experiences a force of 4.0 × 10−3 newtons.
(a) What would be the size of the force on the sphere if it was placed 7.5 cm from plate X?
(b) The sphere is placed back in the middle and the plates are moved apart to a separation of 15 cm. What 

is the size of the force now?
(c) The plates are returned to a separation of 10 cm 

but the battery is changed. The force is now 
6.0 × 10−3 newtons. What is the voltage of the 
new battery?

6 Two parallel plates are placed 2.5 mm apart 
vertically and connected to a 200 V  power supply 
as shown:

7 A charged oil drop is suspended halfway between 
the plates and remains stationary. If the oil drop 
holds a charge of +5.0 μC, what is the mass of the 
oil drop?

2.5 mm 200 V

FIGURE 12.49
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12.6.2 Questions
1. If one coulomb is equal to the charge on 6.25 × 1018 electrons, calculate the charge in coulombs on 

one electron.
2. When a piece of perspex is rubbed with a piece of silk, 3.40 × 105 electrons are transferred from the 

perspex to the silk. Calculate the charge in coulombs on:
(a) the perspex
(b) the silk.

3. (a)   Define the direction of an electric field.
(b) Using this definition, explain why the field surrounding a positive charge points away from the 

charge.
4. At a point in an electric field, a negative charge of 2.50 × 10−5 C experiences a force of 7.50 × 10−6 N 

south. Calculate the electric field strength, in magnitude and direction, at the point.
5. At a certain point, the electric field strength is 4.30 × 102

 N C−1 east. Calculate the force, in magnitude 
and direction, on each of the following placed at the point:
(a) an electron
(b) a proton
(c) a charge of +2.30 × 10−4 C
(d) a charge of −6.50 × 10−4 C.

6. Figure 12.50 shows two points, X and Y, in an electric field.
(a) Explain why a positive charge would have more electric potential energy at X 

than at Y.
(b) Explain why a negative charge would have more electric potential energy at Y 

than at X.
7. A positive charge, +q, is brought nearer to a positive charge, +Q. As +q gets 

closer to +Q, discuss whether its electric potential energy increases or decreases.
8. A positive charge, +q, is brought closer to a negative charge, −Q. As the charge 

+q gets closer to the charge −Q, discuss whether its electric potential energy 
increases or decreases.

9. When a charge of 3.75 × 10−4
 C moves between two points in an electric field, the electric potential 

energy of the charge changes by 7.50 × 10−2J.
(a) Calculate the potential difference between the two points.
(b) Calculate the change in potential energy if a charge of 2.60 × 10−3 C moved between the two points.

10. What is the experimental evidence for there being two types of charge?
11. A and B are metal spheres x metres apart. Each has a charge of +q coulombs. The force they exert on 

each other is 5.0 × 10−4 newtons. Determine the magnitude of the force in each of the following 
situations. (Consider the situations separately.)
(a) The separation of A and B is increased to 2x metres.
(b) A charge of +2q coulombs is added to B. Are the forces on B by B and on B by A still equal in 

magnitude?
(c) A charge of −3q coulomb is added to A.
(d) The distance is halved and the charges are changed to +0.5q on A and 4q on B.

12. Find the force of repulsion between two point charges with charges of 5.0 microcoulombs (μC) and 
7.0 microcoulombs (μC) if they are 20 cm apart.

13. Two charged spheres are 5.0 cm apart, with one holding twice the amount of charge of the other. If the 
force between is 1.5 × 10−4 newtons, how much charge does each sphere have?

14. Two small spheres are placed with their centres 20 cm apart. The charges on each are +4.0 ×  10−8 C 
and +9.0 × 10−8

 C. Where between the two spheres would a test charge experience zero net force?
15. Coulomb’s Law is very similar to Newton’s Law of Universal Gravitation. How do these two laws 

differ? Compare electric charge and gravitational mass.

Y

X

E

FIGURE 12.50
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16. The nucleus of an iron atom has 26 protons, and the innermost electron is 1.0 × 10−12 m away from 
the nucleus. What is the strength of the electric force between the nucleus and the electron?

17. The nucleus of a uranium atom has 92 protons, and the innermost electron is about 5.0 × 10−13m 
away from the nucleus. What is the strength of the electric force between the nucleus and the elec-
tron?

18. A proton is made up of two ‘up’ quarks of charge +2e
3

 and one ‘down’ quark of charge −1e
3

. The 
diameter of a proton is about 8.8 × 10−16

 m. Using the diameter as the maximum value for the separa-
tion of the two ‘up’ quarks, calculate the size of the electrical repulsion force between them.

19. What equal positive charge would the Earth and the Moon need to have for the electrical repulsion to 
balance the gravitational attraction? Why don’t you need to know separation of the two objects?

20. What is the charge in coulombs of 10 kg of electrons?
21. One example of alpha decay is uranium-238 decaying to thorium-234. The thorium nucleus has  

90 protons and the alpha particle has two protons. At a moment just after the ejection of the alpha 
particle, their separation is about 9.0 × 10−15

 m. What is the size of the electrical repulsion force 
between them, and what is the acceleration of the alpha particle at this point?

22. What is the size of the electric force between a positive sodium ion (Na+) and a negative chloride ion 
(Cl−) in a NaCl crystal if their spacing is 2.82 × 10−10 m?

23. An electric force of 1.5 N acts upwards on a charge of +3.0 μC. What is the strength and direction of 
the electric field?

24. A proton is suspended so that it is stationary in an electric field. Using the value of g = 10 m s−2, 
determine the strength of the electric field.

25. Use the statement ‘the electric force exerted by a charged object A on a charged object B is propor-
tional to the charge on B’ and Newton’s Third Law to show that the electric force between the two 
charges is proportional to the product of the charges.

26. Electric field lines can never cross. Why?
27. If a charged particle is free to move, will it move along an electric field line?
28. One of the units for gravitational field is that of acceleration. Is that also true for electric field? If not, 

why not?
29. Sketch the electric field around a positively charged straight plastic rod. Assume the charge is distrib-

uted evenly. Sketch the electric field as if the rod had a curve in it. If the plastic rod was bent into a 
closed circle, what would be the strength of the electric field in the middle?

30. A negative test charge is placed at a point in an electric field. It experiences a force in an easterly 
direction. What is the direction of the electric field at that point?

31. Two small spheres, A and B, are placed with their centres 10 cm apart. P is 2.5 cm from A. What is the 
direction of the electric field at P in the following situations?
(a) A and B have the same positive charge.
(b) A has a positive charge, B has a negative charge and the magnitudes are the same.

32. Determine the strength of the electric field 30 cm from a charge of 120 μC.
33. What is the strength of the electric field 1.0 mm from a proton?
34. Electrons from a hot filament are emitted into the space between two 

parallel plates and are accelerated across the space between them.
(a) Which battery supplies the field to accelerate the electrons?
(b) How much energy would be gained by an electron in crossing 

the space between the plates?
(c) How would your answer to (b) change if the plate separation was 

halved?
(d) How would your answer to (b) change if the terminals of the 6 V 

battery were reversed?
(e) How would your answer to (b) change if the terminals of the 100 V battery were reversed?

6 V
100 V

FIGURE 12.51
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(f)   How would the size of the electric fi eld between the plates, and thus the electric force on the 
electron, change if the plate separation was halved?  

(g)   Explain how your answers to (c) and (f) are connected.        
35. (a)     Calculate the acceleration of an electron in a uniform electric fi eld of strength   1.0 × 106 N C−1  .  

(b)   Starting from rest, how long would it take for the speed of the electron to reach   10%   of the speed 
of light? (Ignore relativistic effects.)  

(c)   What distance would the electron travel in that time?  
(d)   If the answer to (c) was the actual spacing of the plates producing the electric fi eld, what was the 

voltage drop or potential difference across the plates?    
36.   In an inkjet printer, small drops of ink are given a controlled charge and fi red between two charged 

plates. The electric fi eld defl ects each drop and thus controls where the drop lands on the page. 
 Let   m =   the mass of the drop,   q =   the charge of the drop,   v =   the speed of the drop,   l =   the hori-

zontal length of the plate crossed by the drop, and 
  E =   electric fi eld strength.  
(a)   Develop an expression for the defl ection of the drop. 

 Hint:  This is like a projectile motion question.  
(b)   With the values 

  m = 1.0 × 10−10 kg,  v = 20 m s−1,  l = 1.0 cm   and 
  E = 1.2 × 106 N C−1  , calculate the charge required on the 
drop to produce a defl ection of   1.2 mm  .              

l

drop
generator

charging
unit

paperde�ecting
plates

  FIGURE 12.52   

 PRACTICAL INVESTIGATIONS 

 Investigation 12.1: The Van de Graaff generator 
    Aim 
To investigate electrostatic charge  

  CAUTION 
Your teacher will carry out this activity. Do not touch the charged dome of a Van de Graaff generator unless 
instructed to by your teacher. Always use an earthed rod to discharge. Carry out the demonstration while 
standing on a plastic tray.  

  You will need:  
  Van de Graaff generator  
  several strands of wool  
  plastic tray  

   Part A    
•   Turn the Van de Graaff generator on and let it charge up. Bring the 

 earthed  metal rod near it.  
•   Turn the generator off and discharge it using the earthed metal rod.   

   Part B    
•   Tape several strands of wool onto the dome. Make sure they are 

spread out over the surface of the dome. Turn the generator on and 
let it charge up once more.    

  Discussion   
1.    What do you observe occurring between the rod and the dome when 

it is turned on?   
2.    Explain your observation. Use words like charging and discharging in 

your explanation.   
3.    What happens to the wool?   
4.    Explain why this happens in terms of the charges on the dome and on 

the wool.   
5.    The wool forms a pattern around the dome. Explain why this pattern 

forms.    

  FIGURE 12.53   
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