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I-Electrostatics

1.1 Coulomb's law
I.1.a. Definition of electric charge

The notion of electric charge is linked to the phenomenon of electrification. A body is
said to be electrified if it has the property of attracting light bodies regardless of their nature.
Experience shows that there are two types of charges, a positive (+) and a negative (-).
Charges with the same signs repel each other and those with opposite charges attract each
other.

According to modern physics, the carriers of elementary negative charges are electrons
(e-) denoted e (e = -1.602 189 2 10°1° C), its mass is me = 0.910 954 4 10-%° Kg. The proton
has a positive charge (gp = 1.602 189 2 10° C), its mass is mp = 1.672 648 5 102’Kg. The
mass of a neutron is my = 1.674 954 3 10?’Kg.

An atom that loses an electron will be a positive ion, and An atom that gains an
electron will be a negative ion. The unit of electric charge is the Coulomb [C]. According to
the formula for electric current: 1 = g/t, g = It [q] = [I][t]=1A.1s=1 C

I.1.b. Statement of Coulomb's law

Two static point electric charges g: and gz exert on each other a force F directly
proportional to the two electric charges and inversely proportional to the square of their
distance r:

Such that k is a constant of proportionality K = , Ol g0= 8,854 187 82 102 Fm is the

&,

permittivity in a vacuum.

From where K is almost equal to 910° we can write the force in this form: F =910° @U
r

The unit of force is the Newton; [F]= [—C]] =[N]

If g1 and g2 are >0 or gz and ¢ are <0, (F>0), then we have a repulsive force (figure 1)
If 1>0 and g2<0, (F<0), then we have an attractive force (figure 2)
As the force is a vector we are obliged to draw a diagram.
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Example: At the tops of the angles of a right triangle A, B, C, where the distance r; = AC=1.2
m and r. = CB= 0.5 m, we place three charges g: = 1.5103C, g2 = -0.510°C and g3 = 0.210°
3C. (figure3).

Calculate the resulting electric force acting on the charge ga.

F.=F +F,

!

Fo = F2+F?

Figure3
-3 3
Fi= K %% gy 121002107 ) grgy
r 12)
3 3
= K 029 _gq0° 0,2.107.0,510 _36N

b? (0,5)

F. =/(L875) + (36) =4,0610°N

1.2. The electric field E

Definition: Suppose that the charge gz is small enough not to significantly disturb the
electric field by the charge g. We then define the electric field created by the charge g,
as the force exerted on the unit of charge gi1. The electric field is a vector

Kag__a

e-L KG9 4 E F
g r Are,r O »
l r a.>0
Figure3
The unit of electric field is volt per meter; [E] = %
m
(Like the Joule J=Nm=eV = N =ﬂComme[E]=ﬂ=ﬂ=ﬂ=! )
m [a] C mC m

I.3. The electric potential V
The electric potential is a scalar, which is directly linked to electrostatic energy.

v_Ka__4q
r Argr

The unit of electric potential is the volt [V]=[V]

Electrostatic Enerqgy
a- Let a point charge g1 > 0 be sufficiently small, located in an electric field created

by the charge g > 0, which is subject to the action of a force f.
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b- Let a displacement element, dI small so that the force f is constant in module
and direction.

Elementary work dW = f.dl = fdlcosa A

B B B F K dr B
W :J' fdf:J'qlEdr Iq Edlcosa = qJEdIcosw a1

A A A

B
We call W :J'Edf the circulation of the vector E between A and B n
A

Knowing that the electric field E, created by the electric charge q, is:

r, r2
dIcosa:>W: %9 g: 49 [1_3]

E=
47[50 J. 4rg 5 r’ 4zg r T,

.
The electric potential V

By definition the work is equal to the reduction in electrostatic energy, that is to say dW = -
dEp, which can also be written dEp = - dW,

— dE, =4 g:E - 494 ¢

p

dre? r? " Angr
Whenr —> w0 =>E, >0=C=0=E, =2
drgr
. . . E q . . .
We define the electric potential V as follows:V = —* = , is the electric potential V
g, A4rgr
created by the electric charge g. The unit of electric potential is the Volt ([V] -% = % =V )

Ep = g1V, the unit of energy is the Joule (1eV =1.6 10°))

@ Repulsive forces

r

ﬂ;;o\ Attractive forces

1.4. Principle of superposition

W(r) 1‘
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Distribution of point electrical charges

!
!
I

The resulting electric force Fy =F, +F, +F,+.+F, = F; =

N

The resulting electric field E, =E, +E, +E, +..+E, = E, =

The resulting electric potential Vkr = V1 + V2 +V3 +. 4V ==V, = Zvi

i=1

1.5 Electric field topography E

In the case of a uniform field

=

3
The electric field always leaves the positive (+) electric charge and enters the negative (-)
electric charge.

1.6. Equipotential surfaces

The electric field E is perpendicular to the surface S

= dE, =dW =qEdlcosa =0 =
Ep=q(Vm - Vw) =0 si dEp=0

q¢O,E¢OetdI¢O:>c03a=0:>a=%
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Examples :a-Let us a sphere with center 0 and radius r charged

on the surface by an electric charge +q. the potential

_ q
electric V at the surface of the sphere is ¥ ~ azar

It is equal to a constant, because the radius r

constant. the electric potential V4,
__qa
on the surface of the sphere of radius ry, is Vi aan

Is equal to a constant, so the radius r; is equal to a constant. the electric potential V2, on the
v, =—3 i .

surface of the sphere, is 47=r: is equal to a constant, so the radius rz is equal to a

constant. So the equipotential surfaces are concentric spheres.

b-If the electric fields are uniform and continuous, the equipotential surfaces are parallel

planes perpendicular to the electric fields.

, E
'\\ > E
> E Figure 6
SN
\\

\arallel planes

1.7.Distribution of electric charges _

Distribution of linear electric charges dE
da=Ad

PR N s q t
Let A be the linear electric charge density di m
Distribution of surface electric charges " . da=odl DI

o=—= [O'] = —
Let o be the surface electric charge density ds m
q C dag=pdl 1 j]
q
P=——" = [p] = 3

Distribution of volumetric electric charges dv m

Let p be the volumetric electric charge density
Application of the superposition principle for the calculation of an electric field

Consider a system of charges: a uniformly long wire, positively charged with a linear charge
density L. Find the electric field E, created by this distribution, at a distance a from the wire.
-Direct method

Asdg: =dgz =dq Y -

—dEr=dE,= K Moz

[ 2 dgi= A dINY dE p
. .. .. | \;y“/' _
According to the principle of superposition 0 a dE, dE x
£ = [dE | \EA T
‘ dgz=Adl . Y

The projection of dE, et dE, along the axis Py dE,
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give dEiy and dEzy As ‘d—E1 and their directions are opposite which gives the resultant

:‘d_EZ’

is zero on the Y axis. On the other hand, the projection along the Py axis exists dE = dEix =
dE2x=dEicosa+ dE2cosax=2 dEi1cosa = E =2K IL(:Icosa
r

We notice that dE is perpendicular to the wire due to the symmetry and as the wire is
infinitely long. The law of superposition gives after a change of variable dl to da, therefore
the sum of E; perpendicular to the wire can be swept between 0 and /2.

According to the figure we draw:
a a ) 2
and asCcoSa=—=r=—=1r1" =

I
tga=—=l=atga=dl =a
r

cos’ a r cos o cos’ a
72 zl2
So we have: E= E =2K2 | acosad(zx _2K4 J.COSadazzﬁ[Sin 1—sin 0]
° cos’a—; a9 2
coS
A
- 2rg,a

1.8. Electric dipole
A dipole is composed of two equal electric charges of opposite sign, separated by a small

distance a. We call dipole moment A=qa , Which is always directed from the charge —q to
the charge +q.

The electric potential at point M is

qa q

dne,r,  Ame,r, dne,  I,I

V=Va+Vs = Vmu=

Asa<<r = rn=nrn=r e r—-r=acoso

Vi = gacos# Kucos®  ucosé
M= 27 _

>-» knowing that the dipole moment x = gAB | Vy = =
Arze  r r

Are,

The unit of dipole moment [u]= [C][m] (1Debye [D]= %1029 ~3,33107°°Cm.

Electric Field

Components E; et Eg

According E =-gradV' e can write
oV oV

dV = —Edl = ——dr+—d@# =—(E,dl, + E,dl,)
o a0

:ﬁdr +ﬂd9 =—(E,dr + E,rd@)
or 00

=Yg LIV g
dr rdé
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pcoso
3

psin 0

Er: 3
Ame 1

et Ee:

2ne,r

Calculation of the modulus of E

E=JE’+E} =E= P \1+3cos?6

dre,r® e
Si.f=0=E= 2K3P =E,=>E,=0=>V :K—f
r r
Si.@z%: =P _E,-E -0=v=0
r
Examples :
1- Case of CO2 ~ c .
o o B Y B 0
—P=PF+PF =0 & () O
The dipole moment of CO: est nul.
2- Case of H20 ~
Pl +
:>ﬁ=ﬁ+52:>P=Hcos%+chos%=ZPlcos@ 5 B
N | > —
PN +
Electric dipole in a uniform electric field
we have F, =—qE, et F, +qE, the resulting force /'60' I’,fB
20 .

F=F,+F,=>F=F,-F, =0

The forces F, et F, cause a moment force couple
M =qE,asin 8 =PE,sin 6=M =P A E,

This moment tends to rotate the electric dipole following the direction of the electric field

lines.
Electric dipole in a non-uniform electric field
Ona dW =—dE, le travail élémentaire

> ——y W

E.AB=—(AV) F,=—QE'
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=a cos 0




Eo = Era-Era=q (A V)= ~UE-AB
The forces F, et F, cause a moment force couple
— E, =—P.E = PEcos ¢
If 6=0 = E, =—PE (mini) at the equilibrium position, the dipole aligns with fiel
If 6 =n/2 = E, =PE (maxi)

1.9.Gauss's theorem
Flow of an electric field through a closed surface.

dg=E.dS = ¢={E.dS Where dS is directed from the inside to the outside.
S

dE

Flow of an electric field E through a closed surface (S) is equal to the sum of the electric

charges found inside this closed surface (S) divided by ¢,

¢=§E.d§:zn:ﬂ: iﬂ

i=1 €0 21 %0

Conditions for applying Gauss' theorem:

a-1t is necessary to choose a surface containing semmetry the electric field E is constant on

this surface.
b-We must choose a closed surface that is easy to calculate.
Calculation of an electric field E
1-Case of a uniformly long, positively charged wire with a linear charge density A.
electric field E, created by this distribution, at a distance a from the wire.

- Gauss' theorem: ® = §Ed§ = Id—q
S &o

Find the

dS, 4
= §EdS + dEdS LB — (90
©= JE0S +fE0S - fES, - [T [
_{Eqs_(99 _r=.c dq
q>_§Ed3=]—=§EdS=§EdScose=j— a
S 80 S S 80 > =
B dg adl Al —>4S
=Efas=[D [ _2
? Eisf > J“90 '([go &g C)
Es= M o E2m=-A 4 v
€o &o 2rs,a

2- Case of a uniformly infinite plane, positively charged with a surface charge density o. Find

the electric field E, created by this distribution, near the plane.

Gauss' theorem: @ = §Ed§ :jd_q
S &
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¢=§Ed§+§|§d§l+§éd§2:jd—q
S s S €

As E is perpendicular to dS
= '[ EdS, cosO+jEdS2 cosO :jd—q
&

As dS; =dS; =dS
$=2[Eds = qu j"ds ﬁ 2E5=-PB . T

3 & 2
Application exercise
We consider in a vacuum a charge distribution of volumetric and uniform charge density p in
a spherical volume (S) of radius R.
a) Calculate the electric field E at a point M at the distance OM < R from the center O.
b) The charges of the previous distribution are removed in a spherical space (s), with center
O’, with radius r, entirely inside (S).
Determine the electric field E at a point M in the volume(s) devoid of charges.
The system being of spherical symmetry, the electric field E is radial, depends only on the
distance OM from the center, it is directed along OM.
Then by applying Gauss's Theorem S
to a spherical surface with center O,
of radius OM = r, of surface 4xr?> which contains

4 ) I
The charge 5721’3,0 , We obtain for the electric field E,

POM
3¢,
b) The charge distribution described results from
The addition to the previous charges of the charges
Charge density — p produced in volume (s), /
To which the electric field they produce is added
vectorially to the electric field which has just been
determined, since the general expression of the field electrical is linear as a function of the
acting charges. The charge density — p produced in the volume (s),
O’M <r, the electric field E ‘given by the expression

in size and direction E =

PO'M

3¢,
The total electric field in space (s), produced by the distribution of charge density p in the
volume (S) — (s), and of charge density p —p =0 in (s), is therefore

Previous applied to the charge density — p and to the center O’ Let be: E'=—

E,=E+E'=2(OM -0'M),
3&,
Let be, Et:pOO :
3e,

pO0™

3&,

and direction OO’.

Uniform, intensity
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