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If the size of the sheet became infinitely
large, we would have to return to the
case of the infinite plane :
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Above, in blue, we see a uniformly charged square sheet (plate). At a point P on its axis (of symmetry),
z-coordinate z, it creates the field E⃗ whose expression is written as shown on its right. Further to the right,
in green, we have a conductor at equilibrium ; its excess charges are necessarily distributed over its outer
surface. A field line emerging from the conductor cannot return to the conductor.
As for the pictures displayed below, the left shows the symbol used to represent a capacitor in an electrical
diagram, the middle picture shows different types of commercially available capacitors, and the one on the
right is a typical thunderstorm flash resulting from an electrostatic discharge between the clouds and the
ground.

P̊r`o˝f. M. A. B`e¨l‚k˛h˚i˚rffl 2023-2024



Table des matières

1 Electrostatic interaction 2
1.1 Learning objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2 What is electrostatics ? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.3 Lexique English-Arabic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.4 Concept of electric charge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.5 Quantization of electric charge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.6 SI unit of electric charge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.7 Conservation de la charge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.8 Coulomb Law . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.8.1 Multiple charges : principle of superposition . . . . . . . . . . . . . . . . . . . . . . . . 6
1.9 Conductive and insulating materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.9.1 How to charge an object ? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.10 Questions and exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1



Chapitre 1

Electrostatic interaction

1.1 Learning objectives
At the end of this chapter, the student will :
- understand the concept of electric point charge
- understand the quantization of electric charge carried by an object
- understand the principle of conservation of electric charge
- know how the SI unit of electric charge
- distinguish between a conductor and an insulator
- know how to charge an object
- describe Coulomb’s law
- be able to solve problems involving Coulomb’s law.

1.2 What is electrostatics ?
It is the study of the effects produced by stationary, i.e. static, electrical charges. We’ll see that electrostatic
effects originate from the forces that electric charges exert on each other. Such forces are described by
Coulomb’s law. Electrostatic charges can set other electric charges in motion. The study of this motion is, of
course, part of electrostatics.

1.3 Lexique English-Arabic
Electricity = ZAK. Qê»

Electric, electrical = ù




KAK. Qê»

Electical charge = �
éJ


KAK. Qê»

�
é
	
Jm�

�
�

Electrization = H. Qêº
�
K

Electrization by contact = �AÒ
�
JËAK. H. Qêº

�
K

Electrization by friction = ¼A¾kB

AK. H. Qêº

�
K

Electrization by influence = �
ImÌ'AK. H. Qêº

�
K

Electron = 	
àðQ

�
�ºË@


; proton = 	

àñ
�
KðQK. ; neutron = 	

àðQ
�
Kñ
	
K

Free electron = Qk
	
àðQ

�
�ºË@



Electroscope = ù




KAK. Qê»

	


�
�A¿

Electronegative = I. ËA�Qê»
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CHAPITRE 1. ELECTROSTATIC INTERACTION

Electrostatic (adjective) = 	á» A�Qê»

Electrostatic interaction ú


¾J
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JË @

Electrostatics (noun) = �
éJ
ºJ


�
J
�
��Qê» ð


@
�
é
	
J» A� ZAK. Qê»

1.4 Concept of electric charge
In nature, every object (solid, liquid or gas) is made of atoms. An atom is the smallest part of a simple body
(simple here means made of only one type of atom) that can combine chemically with another atom. In a
piece of iron, for example, the smallest part is an iron atom.
An atom is made up of a set of electrons orbiting a core called the nucleus (�è @ñ 	JË @). The nucleus is made up of
neutrons (their number is Nn ) and protons (their number is Np).
An atom is characterized by its atomic numberZ and its mass numberA , where Z = Np and A = Np + Nn .
The difference A − Z gives the number of neutrons. For an atom with symbolX , this data is summarized in
the following notation : Z

A X . For example, lithium (Li) has an atomic number of 3 and a mass number of 7,
symbolized by3

7Li .

Electrons are negatively charged particles, protons positively charged particles and neutrons are particles electrically
neutral.

A proton carries the positive chargeqp = 1 .602times10−19 C, an electron the negative chargeqe = −1.602times10−19 C.
In absolute value, protons and electrons carry the same chargee = 1 .602× 10−19 C. This charge is called
"elementary charge" because it’s the smallest observable and measurable charge that exists in nature.1.

In a neutral atom, there are Z electrons (charge−Ze) and Z protons (charge + Ze). An atom that loses
electrons ends up with more protons and becomes a positive ion (e.g. Cu++ ), while an atom that gains
electrons ends up with more electrons and becomes a negative ion (e.g. O−−).
Similarly, in a neutral object ( �é 	Jj �

�Ë@
�
éÖß
Y«) there are as many electrons as protons. When an object pren-

sents a lack or an excess ( �èXAK
 	P) of electrons, it is no longer neutral ; it is said to be electrically charged
( AJ



KAK. Qê»

	
àñj

�
�Ó , H. QêºÓ). Its charge is positive in the case of a lack of electrons and negative in the case of an

excess.

Synonyms : Electrically charged = electrified = carries an electric charge. When the ’electric’ context is clear
( l�

	
�@ð

�
�AJ
�Ë@), we can simply say that an object is charged or carries a charge without needing to add the

adverb ’electrically’ or the adjective ’electric’.

1.5 Quantization of electric charge
Since, as mentioned above, electrification is nothing other than a lack or excess of electrons, the electric
charge carried by an object is always an integral multiple of the elementary chargee. In other words, any
observable electric chargeQ, 2 is necessarily a multiple ofe :

Q = ± ne (1.1)

1. It should be noted, however, that particle physics has demonstrated the existence of smaller charges, i.e.quarks with
charges of± 1

3 e or ± 2
3 e. So far, however, no one has been able to isolate a quark, so that we continue to regard the elamentary

charge e as the smallest measurable charge
2. The letters q and Q are, in general, the symbols used to denote electrical charges carried by objects.

3



CHAPITRE 1. ELECTROSTATIC INTERACTION

wheren is a positive integer or zero. The equation(1.1) is simply the expression of the quantization of electric
charge.

1.6 SI unit of electric charge
The SI unit (Système International) of electric charge is the coulomb (symbol C). Typical charges carried by
rubbed objects are in the microcoulomb, nanocoulomb or picocoulomb range. The coulomb therefore represents
a very large quantity of charge. It is often more practical to use submultiples :
microcoulomb, 1 µ C = 10−6 C ;
nanocoulomb,1 nC = 10−9 C ;
and picocoulomb,1 pC = 10−12 C.

Exercise : Electron and proton have charges ofqe = −1.602×10−19 C and qp = +1 .602×10−19 C respectively.
a) Calculate the number of électrons a neutral object must gain to become−1C charged. b) Calculate the
relative change in mass if initially it was 1 gram. The mass of the electron isme = 9 .109times10−31 kg.
Solution : a) To find the number of electrons, we divide−1C by the charge of one electron, i.e.−1.602× 10−19 C. We
find 6.242× 1018. In other words, it takes 6.242 billion bil lion electrons to produce a charge of−1 C. b) If mi and mf

are the initial and final masses of the object, the relative variation in mass is given by(mf − mi )/m i . Here mi = 1 g,
mf = mi + m g (m g= total mass of electrons gained by the object)=⇒ (mf − mi ) = m g, which leads to a relative
mass variation of 5.686× 10−9. This fraction is so small ( �éK
A 	ªÊË

�
éÊJ



�
	
�

�
éJ.�

	
�) that we ignore (PAJ.

�
J«B@

	á�
ªK.
	
Y
	
g

A
	
K B) the

mass variation of an object between its neutral and electrified states.

Exercise : If a body gives out 109 electrons every second, how much time is required to get a total charge of
1 C from it ? (a) 190.19 years ; (b) 150.12 years ; (c) 198.19 years ; (d) 188.21 years. Ans. : (c).

1.7 Conservation de la charge
In an isolated system, charge is neither created nor destroyed ; it can only be transferred from one element of
the system to another element of the system. For a system composed of two elements, if a charge appears on
one element of the system, a charge of the same value but opposite sign appears at the same time on the
other element.

Example : A glass rod when rubbed with silk cloth, acquires a charge of1.6 × 10−11 C, then the charge on silk
cloth will be :
A) = 3 .2 × 10−11 C ; B) = −3.2 × 10−11 C ; C) = −1.6 × 10−11 C ; D) = 1 .6 × 10−11 C.
Answer : When glass rod is rubbed with silk, electrons move from rod to silk. Since silk gets electrons it
becomes negatively charged and the number of electrons gained by silk is same as that lost by rod. Hence
magnitude of charge on silk is same as that on rod.
Hence charge on silk= −1.6 × 10−11 C, the correct answer is C).

1.8 Coulomb Law
When a charge is carried by a point mass, we call itpoint charge ( �éJ
¢

�
®
	
K
�
é
	
Jm�

�
�). The term charged particle is

sometimes used instead of point charge.

Consider two point chargesq1 and q2 separated by a distancer . Experiment shows that each acts on the other
with a force
i) directed along the straight line joining q1 and q2,
ii) proportional to the product q1q2, répulsive if q1 and q2 are of the same sign , attractive ifq1 and q2 are of
opposite signs.
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CHAPITRE 1. ELECTROSTATIC INTERACTION

iii) inversely proportional to the square of the distance betweenq1 and q2.

If we denote ~F1=2 the force with which q1 acts on q2, then

~F1=2 = k
q1q2

r 2 ~u12 (1.2)

where ~u12 is, by de�nition, a unit vector along the line joining the two charges and oriented towards the
charge which exerts the force~F1=2 ( �èñ�®Ë@ €PAÖ�ß) to the charge that undergoes the force( �èñ�®ÊË ©	’ 	m�'
)
Conversely, the force exerted byq2 on q1 is written as :

~F2=1 = k
q1q2

r 2 ~u21 (1.3)

where the unit vector~u21 is, this time, oriented from q2 (the charge thatexerts the force) to q1 (the charge
that undergoesthe force).

From the de�nition of the unit vectors ~u21 and ~u12, it's clear that ~u21 = � ~u12 and, consequently,

~F2=1 = � ~F1=2 (1.4)

The equality (1.4) says that Coulomb's force obeys the principle of action and reaction (Newton's third law).

Although the vectors~u12 and ~u21 are, by de�nition, completely de�ned (modulus, direction and sense), the
same cannot be said of the forces~F1=2 and ~F2=1. Their direction is determined by the sign of the product of
the chargesq1q2. They are attractive if q1 and q2 have opposite signs, and repulsive ifq1 and q2 have the same
sign. The �gure above summarizes the various situations depending on the sign of each of the charges. The
proportionality constant k is a positive constant, sometimes called the Coulomb constant. In the SI system,
this constant is written as

k =
1

4�� 0
: (1.5)

The constant epsilon0 is called the dielectric permittivity of
(or dielectric constant) of vacuum and is 8:854187817::: � 10� 12 C2 N� 1 m� 2. The equation (1.5) then gives :
k = 8 :987551787::: � 109 N m2 C� 2, but for most numerical applications, we take

k � 9 � 109 N m2 C� 2:

Now that we know the value ofk, we can see from equation(??) that if q1 = q2 = 1 C and r = 1 m, then
the two charges will repel each other with a force of9 � 109 N. This force is equivalent to the weight of a
900 000 000kg mass ! Clearly, the coulomb, as mentioned above, is too large to express the usual static charge
quantities, hence the usefulness of coulomb submultiples.
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