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Electrostatics (Static electricity)

Electric Charge

STRUCTURE OF THE ATOM

Matter is anything that has mass and occupies space. Matter is composed

(formed) of very small particles called atoms.

All matter can be classified into either one of two groups: elements or

compounds.

In an element, all atoms are the same. Examples of elements are

Aluminium(Al), Copper(Cu), Carbon(C), Germanium(Ge), and

Silicon(Si). A compound is a combination of elements. Water(𝐻2𝑂), for

example, is a compound consisting (containing) of the elements of

hydrogen(H) and oxygen(O).
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Atoms are composed of subatomic particles of electrons, protons, and

neutrons in various combinations. The electron is the fundamental

negative charge (-) of electricity. Electrons revolve (spin) about the

nucleus or centre of the atom in paths of concentric (circles and rings

that have the same centre) “shells,” or orbits.

The proton is the fundamental positive (+) charge of electricity. Protons

are found in the nucleus. The number of protons within the nucleus of

any particular atom specifies the atomic number of that atom. For

example, the silicon atom has 14 protons in its nucleus. So, the atomic

number of silicon is 14. The neutron, which is the fundamental neutral

charge of electricity, is also found in the nucleus.
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Where do electric charges come from?

• Structure of the Atom, Modern theory (Bohr Theory).

• Nuclei ( Protons+ Neutrons).

• Electrons in shells round the nucleus.

1
1𝐻

2
4𝐻𝑒

𝑍
𝐴𝑋𝐴 = 𝑍 + 𝑁

𝐴 = 𝑚𝑎𝑠𝑠 𝑛𝑢𝑚𝑏𝑒𝑟 𝑍 = 𝑎𝑡𝑜𝑚𝑖𝑐 𝑛𝑢𝑚𝑏𝑒𝑟 = 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 𝑜𝑟 𝑝𝑟𝑜𝑡𝑜𝑛 𝑛𝑢𝑚𝑏𝑒𝑟

𝑁 = 𝑛𝑒𝑢𝑡𝑟𝑜𝑛 𝑛𝑢𝑚𝑏𝑒𝑟
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In its natural (usual) state, an atom of any element contains an equal

number of electrons and protons. Since the negative (-) charge of each

electron is equal in magnitude to the positive (+) charge of each proton,

the two opposite charges cancel. An atom in this condition is

electrically neutral, or in balance.

Each shell of an atom can contain only a certain maximum number of

electrons. This number is called the quota (proportion) of a shell.

If the quota (proportion) is filled in the outermost shell of an atom, an

element made up of such atoms is said to be inert. When the K shell is

filled with 2 electrons, we have the inert gas helium. When the outer

shell of an atom lacks its quota of electrons, it is capable of gaining or

losing electrons. If an atom loses one or more electrons in its outer shell,

the protons outnumber the electrons so that the atom carries a net

positive electric charge.
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Basics of Static Electricity
Static electricity is formed when electrical charges build up on the

surface of a material and stays there (static).

It is usually caused by rubbing two neutral materials together. The

resulting build-up of static electricity is that objects may be attracted to

each other or, even cause a spark to jump from one to the other.
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Common examples of static electricity in action are static cling, fly-

away hair and the sparks that can occur when you touch something.

silk fur



Charging up Objects

Charging implies either adding electrons to an object, removing

electrons from an object, or separating out positive and negative

charges within an object. Charging up an object does not mean

creating new charges.

This can be accomplish in 3 different ways:

1- Charging up by Friction: Rubbing two materials together can rub

electrons off of one and onto the other.
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If you use a cloth to rub a plastic 
ruler, electrons move from the 
cloth to the ruler. 

The ruler gains electrons 
and the cloth loses electrons.
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2- Charging up by Conduction: Touching

an object to a charged object could lead to a

flow of charge between them.

very hard rubber.
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3- Charging up by Induction: If a charged object is brought near (but

not touching) a second object, the charged object could attract or repel

electrons (depending on its charge) in the second object. This yields a

separation charge in the second object, an induced charge separation.
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Glass Rod/Plastic Rod
• A glass rod rubbed with silk gets a positive charge.

• A plastic rod rubbed with fur gets a negative
charge.

• Suspend a charged glass rod from a thread, and
another charged glass rod repels it.

• A charged plastic rod, however, attracts it.

• This mysterious force is called the electric force.

• Many similar experiments of all kinds led
Benjamin Franklin (around 1750) to the
conclusion that there are two types of charge,
which he called positive and negative.

• He also discovered that charge was not created by
rubbing, but rather the charge is transferred from
the rubbing material to the rubbed object, or vice
versa.
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Electroscope
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Charging by 

Induction

Charging by contact

Electroscope is used to detect the

presence and magnitude of electric

charge on a body. It was the first

electrical measuring instrument. The

first electroscope, a pivoted needle

called the versorium, was invented by

British physician William Gilbert

around 1600.
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Has very few, if any, free

electrons and does not transfer

electrical energy well, if at all

Has a sea of free electrons

which can move almost freely

and transfer electrical energy

efficiently.

InsulatorConductors Free Electrons

Insulators: Do not conduct charges: glass, rubber, paper, plastic

Semi-conductors: Intermediate conduction properties -- silicon, germanium.

Conductors: Charges can move freely. Most metals.
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Electric charge - Forces Between Charges

There are two kinds of electric charges, charges may be added to each

other algebraically just like real (positive and negative) numbers.

𝑄 = σ𝑖 𝑞𝑖 = 𝑒 + 2𝑒 − 3𝑒 + 4𝑒 = 4𝑒
𝑒 = 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑟𝑦 𝑐ℎ𝑎𝑟𝑔𝑒 = 1.6 × 10−19 𝐶𝑜𝑙𝑜𝑢𝑚𝑏

The law of electric charges may be stated as follows:

Like charges repel each other; unlike charges attract each other.
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Coulomb’s experiments showed that the electric force between two stationary

charged particles:

1. is inversely proportional to the square of the separation r between the

particles and directed along the line joining them

2. is proportional to the product of the charges q1 and q2 on the two

particles;

3. is attractive if the charges are of opposite sign and repulsive if the charges

have the same sign.

𝐹 = 𝐾
𝑞1𝑞2
𝑟2

𝐾 =
1

4𝜋𝜖0
= 8.9875 × 109𝑁.𝑚2/𝐶2

𝜖0 = 8.8542 × 10−12 𝐶2/ 𝑁.𝑚2
Permitivity of  free space

𝒓
𝒒𝟏 𝒒𝟐

Coulomb’s Law: Gives the electric force between two point charges
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Vector form of Coulomb’s Law
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When dealing with Coulomb’s law, you must remember

that force is a vector quantity ( not scalar) and must be

treated accordingly. Thus, the law expressed in vector

form for the electric force exerted by a charge 𝑞1 on a

second charge 𝑞2 , written 𝐹12, is

𝐹12 = 𝐾𝑒
𝑞1𝑞2
𝑟2

ෝ𝑟

Where ෝ𝑟 is the unit vector directed from 𝑞1 to 𝑞2 as 

shown in the figure.

𝐹12 = − 𝐹21

According to the Newton’s third law.

When more than two charges are present, the force between any pair of them

is given by Coulomb’s law. Therefore, the resultant force on any one of them

equals the vector sum of the forces exerted by the various individual charges.

For example, if four charges are present, then the resultant force exerted by

particles 2, 3, and 4 on particle 1 is

𝐹1 = 𝐹21 + 𝐹31 + 𝐹41Dr Nasih 2021-2022 By: Dr. Nasih Hawramy



Case of Multiple Charges

• You can determine the force on a particular charge by adding 
up all of the forces from each charge.

Forces on one charge due to a number of other charges
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Example
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2

21

r

qq
kF =

If r is doubled then F is :

If q1 is doubled then F is :

If q1 and q2 are doubled and r is halved then F is :

¼ of F

2F

16F

Two charges are separated by a distance r and have a 

force F on each other.

q1
q2

r

F F
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