Chapter 1: Electrostatics 4SLu! <L ,¢S!

1. General concepts 4l eblio

1.1. Definition

Electrostatics is the branch of physics which studies electrical phenomena created by electrical charges in
the rest state (static, immobile) and their interactions (forces).

1.2. Electrification phenomenon xSl 8,0

The phenomenon of electrification was discovered by the Greek mathematician Thales of Miletus (624-
547 BCE) when he observed the attraction of straw twigs to yellow amber.

We have all noticed that when the hair is combed, the comb becomes able to attract the small pieces of
paper, we therefore say that the comb is electrified.

1.2.1. Electrification modes: < ¢S bolesi

Electrification by friction &b ¢S
Electrification by contact eleillb ¢Sl

e Electrification by influence 8L Sl
A) Electrification by friction:

We rub a rod of (glass (V), ebonite (E), plastic, amber, etc.) \Y E
with (wool, silk, cloth, etc.). The rod becomes capable of .'. =
attracting fine objects (paper, hair, etc.), which means that it v =

ot f

is electrifi hatith h +:gl - nite). 0 5, y O,
is electrified and that it has a charge (+: glass) or (-: ebonite) PN S— > 8,

B) Electrification by contact:

The already electrified glass rod is brought into contact with a polystyrene ball of an electrically neutral

electrostatic pendulum. SN
1
1
When we put the two objects in contact, there will 6
be an attraction. Right after contact, the rod and the > . : -

ball will repel each other because both are now
positively electrified.

C) Electrification by influence:

We approach the already electrified glass rod to the

metal disk of the electroscope, we notice that the )\ )\
aluminum sheets repel each other, that is to say they

h d with th . électroscope induction contact électroscope
are charged with the same sign. déchargé chargé

Conclusion

» We deduce that these materials have acquired a new property called “electrification”

» This property creates an attraction much more intense than the universal attraction produced by the
masses.

» There are two types of electrification, positive and negative.

1.2.2. Explanation of the electrification phenomenon

The atoms of materials contain in their natural states an equivalent number of electrons and protons,
these materials are therefore electrically neutral. But if this equilibrium is disrupted by an increase or
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decrease for any reason such as electrification, then matter becomes charged. The phenomenon of
electrification is explained by a movement of electrons.

+»+ The body that gains (receives) electrons becomes negatively charged (-).
¢ The body that loses (gives) electrons becomes positively charged (+).

2. The electric charge a5 gS dxid!

2.1. The elementary electric charge 4 saiall 48L S| diseid!

The electrical properties of matter find their principle at the level of the atom. Each atom is made up of a
nucleus, around which a cloud of negatively charged electrons orbits, the nucleus in turn is made up of
protons with positive charges (p*) and neutrons with zero charges (n°). The electrons (e”) and the

“«_n

protons (p*) carry the same electric charge in absolute value which we note by “e”. This electric charge

mn_rn

is called “the elementary electric charge “e" or quanta of the electric charge; whose value is given by:

e=1.602 x107 19
— Proton

2.2. The punctual electric charge ddaiid! 45U 1¢SII Liseidl

~——__Electron
o ”n

A punctual electric charge denoted “g” can take any value, it presents

«_n

e”, we write:

Neutron

an integer multiple of the elementary electric charge

q=1ne
The electric charge of a body g is expressed in Coulomb “C”.
2.3. Principle of conservation of electric charge

Whatever the phenomena produced by the electric charges g;, in the isolated system:

L

n
qi = Ct
=1
2.4. Attraction and repulsion between charges <Uoeid! g U1 9 Q3!
% Two bodies carrying a charge of the same sign repel -
each other 0),3L% é
< Two bodies carrying a charge of the opposite sign .
attract eaCh Other UL.)JLzJJ: Repulsion Repulsion Neutral Attraction

3. Coulomb's law pglsS H¢38

Let be two particles carrying electric charges g4 and qp, separated by a distance “r” interact with each

other. This interaction is modeled by a force called the electrostatic force Fe) This force is attractive if the

charges have the opposite sign and is repulsive if the charges have the same sign.

According to the principle of action/reaction (Newton’s 3™ law):

> ﬁA/B =- ﬁB/A (The two forces have opposite

r
directions). 4a >0 a5 <0
> ||Fassll = ||Fs/all (The two forces have the same
intensity). Fg/a Faip Ua/g
> 1y/p (The forces are radial, carried by the axis which - -i-@ ---------- @—Aﬁ- -—
- <
joins the two charges). qs>0 ¥ qs >0
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According to several experiments, the intensity of the electrostatic force exerted between the two charges
g4 and g is inversely proportional to the square of the distance separating the two particles and it is
proportional to the charge of the two particles.

3.1. The electrostatic force F_e) ASUiw 9548 /50 5gSJ1 8 9l

The electrostatic force Fe) exerted between two charges is given by the mathematical expression, called
Coulomb's law:

- - dadp .
Fap=—Fpa=k —z UaB

lqal lqpl
Fyap=Fga=k —z

» Uuyg : the unit vector of AB which indicates the direction of the force.

» k: Coulomb’s constant or the constant of proportionality. Defined by:

1
4T g,

k= ;: where: k=9 x10° N.m?%.C~2

> &, is the vacuum permittivity equal to g, = 8.85 X 10712 C?/Nm?

Exercise-1

1. Calculate the electrostatic force exerted on the electron of the hydrogen atom 1H
2. Compare this force to the force of gravitational attraction.

Wegive: e = 1.602 X 10719C; me =9 x 1073%kg; mp =1850me; 740m =5 X 1071m
G =667 x1071Y N.m?. kg™% k=9 x10°N.m%.C~?
Solution-1

1- The electrostatic force Fe

gl e?

Fe=kqe—lqp|= k=092 x 107N
T

2- Comparison

mem 1850 m2
Fo=6—%=6—5—=4x10%N
r r

By comparison: 5—e~1040 times = F,>» Fg
G

3.2. The components of the electrostatic force 45U ¢S 84d)l CiLSye
In the Cartesian system (, 7, k) ; the point M is identified by the position vector ¥ ; where:
F= xi+y]+zk

Likewise, the distance r between two charges g4 and g is identified by:

7= AB = (xg —x4)T+ (yp — Ya)J + (zg — za)k

and: r=(xp — %)+ (vg —ya)? + (25 — 24)?

The electrostatic force is therefore written:
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FA/B = k AunAB ; where : uAB = — =

AB
- 94498 -
= FA/B =k 3
r
Exercise-2
In the Cartesian system, two charges q, = 107/C and gz = —2 x 1077C ; are located respectively in:

A(2,—1,3) and B(~1,2,0).

1- Determine the components of the electrostatic force E

Solution-2
We have: F, = Fx?+Fyf+FZI_c)
T 9448 >
In addition: F4/p = k ’;337”
F _ —23x10°
R = 23, 23 237 L & x 9
- - > = |—— —_— X
with:{r: _3l+31_3k; N.A: Fe ( o TS 9 k> . N F _ 2V3x10°
— y -
r=3V3 E=2x10°5 N o
9 —2/3x10
E=—"%—

3.3. Principle of superposition <SI! I

“__n

If we have “n” electric charges at rest, and in a vacuum, the principle of superposition allows us to make

the vector sum of the electrostatic forces exerted at point M, have a charge qy;.

2
Il
E:M=
o]

P

Fy=F + F2 + -+ F

Ew) _ lefIM_l,_l_ szZM_Z)_I_ kaInCZIMu_n, dq,0
T'l Tz £D

4. Electrostatic field E_ £:5tw 9,85/30¢SI! Jéd! o5gd

In the presence of a charged particle the physical properties of the space surrounding this particle are

“«_n

changed, we then say that the electric charge “q” creates an electrostatic field E.

4.1. Electrostatic field E created by a punctual electric charge

“«_n

Let be an electric charge “q” acts on another electric charge “Q” placed at a point “M” in space by an

electrostatic force Fe) , given by: .E'/v
— . q0Q M
Fe = T'_2 -
. 1@ —h
We therefore write: . T

=0 [k f_zﬁ] _qe‘

The term in parentheses presents the electrostatic field E created by the charge g at point M, and which
takes the form:
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Ey= — 1
The unit of electrostatic field is expressed in (V /m)
The relation between the force and the electrostatic field is therefore:
F,=QE
4.2. The electrostatic field lines 3¢Sl Jizd! bghas-
The field lines are oriented lines at which the field vector E is tangent at any point, where:

2- Thelines are continued.
3- The lines start from the positive charge and end at the negative charge.

4- The arrows indicate the direction of E.

+ +
[e51

+

Figure. Electrostatic field lines

4.3. Electrostatic field E created by a set of charges

mn_rr

Likewise, if we have ""n'’ electric charges "q;"’, to determine the electrostatic field E produced by this
set of charges at point "M"’, we use the principle of superposition, which allows us to make the vector

sum of the fields E , We write:

" _ e
_ s 2 1 q1
Ei=)F T

i=1 E R\
R, i 4 %/;’ 2770 a2
EM=E1+E2+"‘+En 1 (+)

M= Uy oty e Uy
" r, ™

4.4. Electrostatic field created by a continuous distribution of charges

Matter is formed by a large number of charged particles, these charges can be distributed uniformly
along a straight line (line, wire), on a surface plane orin a volume.

Electrostatic equilibrium requires that the distribution of charges in matter is continuous, we therefore
distinguish three types of charge distribution:

1- Linear distribution (I)

2- Surface distribution (S)

3- Volume distribution (V)

To simplify the study, we divide the distribution of charges into small parts charged with charge “dq”,

then we calculate “dE” produced by these charges “dq” and finally we make the integral according to the

type of distribution.

=4 —L£
Iy s " e
N S~~~ —_—

N

+ o+ o+ +
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The elementary electrostatic field dE created at point “M” is given by:

— kd
dE =—11
T
By = |
— kdqg _,
EM:_[TZ u

a) Linear distribution Jas- aj g

If the charges are continuously distributed on a wire of length “I”, we introduce the notion of the linear

charge density “1”, where: dqg = Adl. 5
dE /’

The elementary electrostatic field dE created at point “M” is given by: ;

— kd

dE = —Zq u r )

T '
En fd—ﬁ fkldl u L l
= = u L N S 2 S S — —
M TZ dq

b) Surface distribution gxlaw 2243

If the charges are continuously distributed on a surface plane “S”, we introduce the notion of the surface

o v

charge density “o”, where: dqg = o dS .

The elementary electrostatic field dE created at point “M” is given by: '."'
. kodS _
dE = u r.,

TZ /!
— kodS T ds v v+
EM — o a + o+ HEF o+ o+ s
Tz + + + dq + W

c) Volume distribution (s> a3

If the charges are continuously distributed in a volume “V”, we introduce the notion of the volume

charge density “p”, where: dqg = pdV . .
dE

The elementary electrostatic field dE created at point “M” is given by: /

—. kpav
aE =i

TZ
— kpdV
- 22
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Table.1. Elements of length _d_i, surface dS and volume dV in different coordinate systems

Cartesian coordinate system (x,y, z)

Polar coordinate system (p, 8)

di=dxT+dyj+dzk
dS = dxdy
dV =dx dydz

di = dru, +rdoug,

dS =drrdo

Cylindrical coordinate system (p, 6, z)

Spherical coordinate system (7, 8, @)

di = dpu_p’+pd9u_g’+dZE
dS, = pd0dz; (lateral Surface element)

dS, = dppd6.(Surface element of Base)

di = dru; +rdfug+rsinbdeu,
dS = r?sinfdfde
dV =r?drsin 6 d6 do

dV =dpp df dz

5. Electrostatic potential L;b_,.@Sﬂ O

In the mechanics of material point, we know that if the force FC) is conservative, the work of this force
does not depend on the path followed and we say that this force F, derives from a potential energy E,,.

The electrostatic force Fé is a conservative force, it therefore derives from a potential energy E,, and we
write:

i = —grad E,

5.1. Electrostatic potential energy 450 ySJI &SI d3Ual|

«_n

Let be a point charge “q” moves in an electrostatic field “E” created by another fixed charge “Q”, it

therefore subjected to an electrostatic force E’, where:
F,=qE

The elementary work carried out by the force Eto make an

elementary displacement dl, is written as follows:

dw =TF,.dl

= dW =F,.dl.cosa

ar
' ' Jeosa == kqo
According to the diagram: kqQ = dW = " dr
F :T_2
- k
= W(E,) =de=f :IZQ dr
— k
Sw(E) =224,

ifir =500, (W=0) = (c=0).

kqQ
r

= W(F) = -

According to the principle of conservation of potential energy: AE), = — D W(E)
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kqQ

= AE, = —-W(F,) = .

Therefore, we write the expression of the potential energy of the electrostatic interaction between two
charges q and Q as follows:

kqQ
Ep=—

The unit of electrostatic potential energy is expressed in Joule (J).

5.2. Electrostatic potential of a punctual charge

“«_n

The electrostatic potential “V" is a scalar field directly related to the potential energy E,, of a charge “q

located in an electrostatic field “E” created by a fixed charge “Q”.

We have:
kQ
Bp=a |3
=>E,=qV
k
.
r

The unit of electrostatic potential is expressed in volts (V).

We consider a charge "'q," located at point A (x4, 4, 24), the potential created by this charge at point
M (x,y,z) in the Cartesian system is given by:

_ kqa
VO =x2)2 + (v — ya)? + (2 — 24)?

5.3. Relation between field E and potential V

The relation between the electrostatic field and the electrostatic potential can be determined from the
following relations:

\, {W(Fe) =-AE, {dW = —dE, = —(qdV)

Fe)—)
= dV =—- —.dl
q
= dV=—E.di
In the cartesian coordinate system:
E=Exi+Eyj+Ezk
di=dxi+dyj+dzk 6_V > a_V > B_V k=—(E E E
T = ST+ g dyJ+ g dak = = (B dx o+ By dy + , d2)
©ox X dy Y 9z
v £ awv £ v
ox ay 9z Z

BENZITOUNLS, University of Oum El Bouaghi, Physics 2 : Electricity and magnetism, Janvier 2024 14



The relation between E and V can be established in the following form:

E= —gradV
Table.2. E = —grad V in different coordinate systems.
Cartesian coordinate | Polar coordinate system Cylindrical coordinate Spherical coordinate
system (x,y, z) (p,9) system (p, 0, z) system (1,0, @)
av ( v av av
E, =—— [ pp— = — — E =——
x 0x Er or B ap ’ ar
£ - av _1lov 10V = 10V
y ay o= T 00 <E9=_;@ o r 00
v v o=
z= "%, kEZ:_E @ 7 sin 6 d¢
Remarks:

1- The potential V decreases along the field line.

2- The sign (-) indicates that the field E is directed towards low potentials.

o
3- The field lines are perpendicular to the equipotential lines: F V decreases

w /-
/

V=C = dV=0 = FEdi=0 = E 1dl

5.4. Electrostatic potential created by a set of charges

“«__n

According to the principle of superposition, the potential V), generated by “n” charges at point “M” is:

VM:V1+V2+V3+“' ...... Vn_

n
VM = ZVL =
i=1

5.5. Electrostatic potential created by a continuous distribution of charges

n
ka
1 ri

kdg
Vu=|—
==
5.6. Rotational of the electrostatic field E
T -] k
rtE=pAE= |2 2 2
dx 0dy 0z
E, E, E,
If the field E derives from a potential I/: E= —gradV

e

= 1ot E = —rot (grad V) =0

—

Therefore; if rot E= 5, the field is irrotational
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6. Electric dipole L}b,@SuJaé 3US
6.1. Definition

The electric dipole is a system of two identical charges with different signs. We call P the dipole moment
which is always directed from the negative charge (—) to the positive charge (+). (See table.3)

We write:
P=qd

Table.3. Experimental dipole moment of some molecules.

Molecules H,O HCI CO; C,HsOH

P (D) 1.855 [1.109 |0 1.69

1D (Debye) = 3.33564 x 10%° C.m (SI unit)
Dipole moment of certain polar molecules
-5
o
PanN Cl—H
H H .
+0

+0 p
p

6.2. The field E and the potential V of an electric dipole
a) The electrostatic potential V created by two charges q4 and g at point M is:
principle of superposition: Vyy =Vy+ V3

k k
vy Kda | Kas

i, =1r?
. _ kqa cos 6
Aslong asr >>> a, we can consider: {71 — T, =acost =V, = qaros”

r2

I3=q&
k Pcos@

ﬁVM: 72

b) The electrostatic field E; created by two charges g4 and qp at point M is:

We use the relation: E = —grad V in the polar coordinate system:

(E ov _ 2k P cos 0O

T ar r3
_ 16V_szin0
= " r90 " 13

The field £y, = /Erz + Ep*
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kP >
EM:F 1+ 3 cos=0

Particular cases:
Pf . — - . e T P
lfg_o: EQZO ; lf.9—2: E9=—

6.3. Electric dipole in an external electric field E,,;

When we place an electric dipole in an external field E,,;, the dipole is subjected to electrostatic forces

applied to its charges. These forces (equal and opposite) cause a couple moment L defined by: 7
B

—_—

Z = ﬁ A Eoxt Eext

L= PE,;sina

F,=—qgE —_ =
Knowing that:{_A) UQBext Fy+Fg #0
Fp = +q Egxt

Fyu

6.4. Potential energy E,, of an electric dipole located in an external field.

wehave: E, =qV = dE,=qdV = dE, = q(—Eext.dl) > Ey=—qEex.d

—

E,=—E,y.P

p

ifa=0 =E,=-Eq.P = Ejnin(stable)
ifa=m =E,=+Ee. P = Epmax(unstable)

6.5. Field lines and equipotential surfaces

Equipotentials are closed lines that surround the charge and are \
perpendicular to the field lines.

Figure: The field lines and equipotential lines of an electric dipole

7. Circulation of the electric field L:gb).@SJI Jasd! Olyga

Consider a region of space where an electrostatic field E reigns, any charge g, moving in this field is

subject to a force E :
F, = qoF
The work done by E, for the charge qo to move from A to B is given by:

dW = E,.dl

B B_)_)
Ww=de=J&dl
A A
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il
&|

Wyp = CIof
7.1. Definition

The integral ff E.dl is called the circulation of the electric field along the curve (A = B), denoted “C”,

we write:
dc = E.dl
B—> —_—
C :f E.dl
A
Remarks: B

Cy

i. The circulation of the field is conservative, i.e.:

C1=C2=C3

ii. The circulation of the electric field is equal to the difference in potential Ae—w O Cs

C=f§ﬂ=o

—

We therefore say that the field E is irrotational (rot E= 6)

di
C=V,—Vp //4"
iii. The circulation of the electric field C along a closed curve is zero.
di

8. Flux of the electrostatic field @ (3b,¢S! Ja! (3845
8.1. Elementary surface vector ds

dSisan elementary surface vector; it is always normal to the surface and directed towards the exterior:

dS =ds#

7 : normal unit vector

8.2. Flux of the electrostatic field @

We call the flux of the electrostatic field @ across the surface the following quantity: F L
do = E.dS a

@=ﬂ§ﬁ
0= ffE.dS.cosa

The unit of @ is the weber [Wh]
o if:a:§:>(b:0

o ifia>>=20<0

. if:0<a<§$®>0
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8.3. Definition of solid angle 2

a. Plane angle a giuuall dyglyll l ,
In the plane, we can define the elementary plane angle da, by: a
- AB  dl
a = X == —
g r r
dl
da = —
r

b. Solid angle 2 4dall Lgl3!

In space (3D), elementary solid angle dQ is the space contained in an elementary conic surface dS of
radius r. We write:

das
dQ = s
S
0=
In spherical coordinate system: dS =1r?sin6d6 do

b 21
ds = r? f sianHf do
0 0

ds
Tz

dQ

Q =4m  (sr): Stéradian
8.4. Relation between the flux ¢ and the solid angle Q
We have:

dp =E.dS  (E 1 dS)

dp = E dS = EdQr?
d® = kqdQ

Example: the flux created by (+q) through space (2 = 4m) is equal to:

d® = kqdQ
Q = kqQ
dp =1
€o

9. Gauss's theorem

Let “q” be a positive electric charge, it produces a radial electric field, directed outwards, where:

_kq

E=2

To calculate the flux @ we must choose a spherical surface of radius r as a closed imaginary surface,
called the Gaussian surface “Sg”.

do = E.dS
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dpP = E.dS.cosa

k
@=E.S : S=4nr? E=—Z
r

0=-"

€o

Note:Vr : @ = Ei (the flux does not depend on r)
0

Generalization:

If we consider “n” electric charges whatever their signs, the elementary electric flux “@” across the
surface is given by:

=th=g

€o €o

0]

9.1. Gauss's theorem statement

The flux of an electric field through a closed surface is equal to the algebraic sum of the charges found
within the volume limited by this surface, divided by the vacuum permittivity:

¢ = #—E.E:Z‘hnt: Qint

€o €o

9.2. Conditions for applying Gauss's theorem

1) Inpractice, Gauss's theorem allows us to calculate the field "E" for a symmetric distribution of charges
(i.e., a system with a high degree of symmetry).
2) Gauss's theorem allows us to calculate the field "E" in all points in space.

3) When we use the theorem, we must define an imaginary and closed surface on which the field E is
constant and radial.

4) The chosen surface must depend on the symmetry of the problem (distribution of field E ).

10. Applications on Gauss's theorem

10.1. An infinite wire uniformly charged by a linear charge density (1) (exercise)

By a symmetry, the field E at any point (1) in space is radial, perpendicular to the axis of the wire, and
directed towards the exterior.

l infinite

wire

a) The total charge Qr

Qr=fdg=[Adl=A =Qr=4al

b) The field E in all points of space

According to Gauss's theorem:
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¢= #Ezd—sa’z Qint

€o
The Gaussian surface which is suitable here is a surface of a cylinder (r, h), where:

e The axis of the cylinder coincides with the wire.
e The two bases of the cylinder cover the extremities of the wire.

E
According to the diagram, there are three surfaces: dsﬂ‘ E
1- Base surface S; (disk) ofES—{ _fi_Tz [\ ds;
2- Base surface S, (disk) of dS, J La \r} infinite
3- Lateral surface S, (rectangular) of dS, 7 _li were
ds;
The total flux through all surfaces constituting the Gaussian cylinder is given by: < E

Q)T = @1 + Qz + QL
Where:

(Dlzjjﬁ.d—.S‘l):jfE.dSl.cosB:O; (E J_d—Sl))
@2=ffﬁ.d_&’=ffE.d52.cose=o; (E 1dSy)

@L=ﬂ§.d_&’=ﬂE.dsL.cose=E.5L; (E 11 ds,)

Therefore:
Q
=E.S =—
Dr Sy &
SL = 2nrh
Knowing that: {QT =21l
h=1
E(r) =
) 2wy

10.2. An infinite plane uniformly charged by a surface charge density () (exercise)

By a symmetry, the field E at all points in space is: radial, perpendicular to the plane and directed towards
the exterior.

c) The total charge Qr "

Qr=[dg=[ocdS=0S =Qr=0S

d) The field E at all points in the space v 42

According to Gauss's theorem: infinite

plane

(b:ﬁi-ﬁc—;:Qint dsf'

& "2y

The most suitable Gauss surface S which gives a high degree of symmetry is a cylinder of (7, h).
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The total flux through all surfaces constituting the Gaussian cylinder is given by:

®T=®1+®2+®L

Where:
®1=ffE.T&=ffE-d51-C059:E-Si (E I dSy)
@2:ffg,d—sz’:ffg.dsz.cosezzs.s; (E 1dS;)

q)L=ff§.d—52=ffE.dsL.cos9O°=o; (E LdS))

Therefore:

Qint

€o

@p =2E.S =

Qin: : here presents the charge of the plane inside the cylinder (a disk of radius 7).

{th =omr?

S=mr?

(2
E(‘l") = H

We see that the field created by an infinite charged plane is constant at every point in space.
10.1. A full sphere uniformly charged with a volume charge density (p)

A full sphere with center O and radius R is uniformly charged by a positive and constant volume charge
density p (p > 0).

a) The total charge Q of the sphere.

4
Qr=qu=ﬂ pdV =pV' = Qr = ZzmRp

b) The expression of the electric field E () at any point M in space.

To determine the field at any point M in space, we use Gauss' theorem:

¢: #Ezd—sa’: Qint

€0

As the electrostatic field is radial, E and dS are collinear (E Il s = 0 = 0°), we can then write:

= #E.dSG cos 0 = Qg""t;(ﬁ IdS = 6 =0°
0
Qint

ﬁESG = €0 (*)

Due to spherical symmetry, the suitable closed Gauss surface S; here is a surface of sphere with center O
and radius r. (S; = 4mr?).

To determine the field at any point M in space, we distinguish 03-regions:
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Region-1 r<R:

SG = 47TT2 p \‘\
4 = le =>E; = —7r J
e R T .f

Region-2 r = R: - . A

R =R R
Sg — 47r? e r< r r>
G = tnrp A B =

r=R sE, = 2%

3 &

Region-3 r > R:

S¢ = 4nr? 3 3
’ — PR _ P R
{Qint :§7TR3,0 =>leq(*)=>E3_ 3ep1r? = Es 3ggr?

Remarks:

We can obtain the expression of the field E5 on the surface of the sphere (r = R), by replacing r with R
in the expression of E3 found outside the sphere or in E; found inside the sphere.

c) The electric potential V(1)

To determine the potential, we use the relation: E = —gradV

av
Eisradial=>E=——=>V=—fEdr
dr

3 3
Regionl r<R: V;=— [Ezdr=V=— [LE gr= 2K ¢,

3g912 3g T

To determine (3, we use the limit conditions of the potential:lim V = 0

r->00
. p R3
2 1limV;=04+C=0=>CG=0=>V;= ——
100 3gg T
Region2 r=R:V,=— [E,dr=— [2Z2 ar=-L1 ¢,
380 380

To determine C, ; we use the condition of continuity of the potential at the interface (r = R) :

Vs(r = R).= Vy(r =R)

2
L@R)=-21¢,

2 2
pRZSSO =>C2=2%=>V2= %
— 2 0 0
V3(R)—380
. o p TZ
Region-2 r>R:V,;=— [E;dr= - [trdr=—-=+¢,
350 3802

To determine C; , we use the condition of continuity of the potential at the interface (r = R):
Vi(R) = V2(R)

RZ
Va (R) = Z—SO

_ pR? [3 r?
2 2R?

pR?
oz, Ca=g2 V=g
) =-357+C

BENZITOUNLS, University of Oum El Bouaghi, Physics 2 : Electricity and magnetism, Janvier 2024 23



d) The variation curve of E(r) and V(7).

PR
3e

11. Exercises

Exercise 1 (The solution can be found in the series #2) y
We place four electrical charges g4, qp, qc and qp atthetops ABCDofa 4, ¢ qp <0
square, with side a and center 0, origin of an orthonormal base (0, 1, J). ., “““““““““ ;
1- Give the expression of the electric field E, at point O. ; y @
2- Give the expression of electric potential V/, at point O. : o
We give: g4 = q, 45 = =24, 4c = 2q et qp = —q |
@ e ¢
qp < 0 qc >0

Exercise 2 (The solution can be found in the course page -16)

An electrostatic dipole is made up of two identical charges with different signs: (q4 = —q) and (qgg = +q)
separated by a small distance a, where (r >> a). The dipole moment is defined by: P= q AB.

1- Find the potential V), of this dipole at the point M distant r from its center.

2- Deduce the components E, and Eg of the electrostatic field E and its module ||§|| in the polar
coordinate system.

3- We now assume that the dipole is subject to a uniform external field E Give the expression for

the electrostatic moment L and the potential energy of the dipole E,.
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