University of Djilali BOUNAAMA-Khemis Miliana
Faculty of Science and Technology
Department of Material Sciences

Course of Physics 2: Electricity
Level: 1st year Bachelor's degree ST

Academic year: 2023/2024

Prepared by: Dr. Mohamed ELBAA



Program of Physics 2 matter

Chapter I: Electrostatics:

1- Charge and electrostatic field. 2- Electrostatic Potential. 3- Electric Dipole. 4- Electric
Field Flow. 5- Gauss's theorem. 6- Conductors in Electrostatic Equilibrium.

7- Electrostatic Pressure. 8- Conductor and capacitor capacity.

Electrostatics is the study of electricity in a static state.

Chapter Il: Electrokinetics

1- Electrical conductor. 2- Ohm's Law. 3- Joule's Law. 4- Electrical Circuits.

5- Application of Ohm's Law to electrical networks. 6- Kirchhoff's Law.

Chapter lll: Electromagnetism :

1- Definition of a magnetic field. 2- Lorentz force. 3- Laplace’s Law.

4- Faraday's law. 5- Biot and Savart's law. 6- Magnetic dipole.
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I. Generality:

I.1. Electrostatic phenomena: are natural phenomena that man encounters in his daily life,

such as the attraction of small paper objects by rubbed bodies (glass rod, amber stick, etc..)
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When the glass rod is rubbed with silk cloth, it loses electrons and

gets positively charged, while the silk gains those electrons and

Amber

gets negatively charged.

d The word "electricity" comes from the Greek "eleckron" which means

« amber » (Lxall)



1.2. Electrification process:

Electrification can be achieved either by friction or by contact,

a- Electrisation par frottement:
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Glass rubbed with silk(_:~1) Amber rubbed with fur(s_4) Cork Ballcsidl
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Glass + Silk: The electrons pass from the glass to the silk, so the glass is positively charged

and the silk negatively charged . = Positive Electricity

Amber + Fur: The electrons pass from the fur to the amber, so the fur is positively

charged and the amber negatively. = Negative Electricity




a- Electrification by Contact:
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Repulsion Attraction

» Two charges of the same nature (same sign) repel each other and two

charges of different nature attract each other.



Il. Electric charge:

Il.1. Definition:

» Electric charge is a characteristic possessed by certain particles between which an
electrical interaction takes place.

» Some particles have a charge and are said to be "charged" while others do not and
are said to be "neutral".

Unit of the electric Charge

The unit of electric charge is the Coulomb with symbol "C"

(in homage to the French physicist Charles-Augustin Coulomb)

Elementary electric charge :

Denoted "e" and has the following value: e =1.6021766208 .10°C ~ 1.60.10°C



I1.2. Quantification of the electric charge:

» The accessible elementary charge is that of the electron, which is negative by convention.

» All other charges are integer multiples of the elementary charge.

» The charge in this case is called « Quantify»: Q=ne
Particle Charge Mass
Electron -e=-1,6.101°C 9,109.1031 kg
Proton +e=1,6.101°C 1,672. 10%" kg
Neutron 0 1,674107%7 kg

Conservation of the Electric Charge :

The electric charge of an isolated system, i.e. the algebraic sum of the positive and

negative charges present at a time "t", always remains constant,

Isolated system— No exchange ofcharges with the outside



lll. Force and Electrostatic Field:

» Punctual Charge: is an electric charge located at a dimensionless point.

l1l.1. Electric Force — Coulomb's Law:

The electric force created between two electric charges q, and q,, separated by a distance

r, is given by:
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Principe of superposition:

The force applied to thecharge q,: qj’o\ui
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Example 1:

Let be 2 electrons in a vacuum and distant from r. Compare the gravitational and

electric forces acting on these 2 particles.

We have:m_=9,1103  kgete=1,610"1°C

41 = € r
Answer: _0 _____________
. . ke”
The modulus of the electric force is: F, = ~z
GM?
The modulus of the gravitational force is: F = =
F, ke? 9.10% (1,6 10719)2

F, Gm? 9.10731(9,110731)2

= 4,17 .10%?

— So the electric force is very important compared to the gravitational force.



111.2. Electrostatic field:

The electrostatic field created by the charge Q at any point M in space at a distance r

from the charge is given by:

EQ(M) —r_Qﬁ [E] :N/C=V/m A F

2N
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Relationship between force and electric field:

The electric charge Q creating the electric field E Q@/\}J/'

o

at a point M exerts an electric force, on a charge g

placed at the point M, given by:
\ /’\')' 7
Q . QO/
Z' =qE

» The direction of the electric field depends on the sign of the charge Q:
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F=

v’ It is outgoing if the charge is positive.

v’ It goes in if the charge is negative.
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A field created by a set ofcharges - Principe of superposition:
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On the other hand, we have: o/
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Example:

Four point charges are placed at the vertices ABCD of a square with side a =1 m, and center O

which present the origin of an orthonormal coordinate system (Oxy) of unit vectors 7 and J.

We give: 1= = 1078C, 2= —-20, g3 = 2q, 4= —(. Determining the Electric Field E(0)

Solution: The principle of superposition is applied:

E(0) = E,, (0) + E,,(0) + E,,(0) + E,,(0)

n., kq(N2., 2.
Eq1(0)=Eq1cole—qust =2 \zi-7J
T, 2kq(N2, V2,

qu(O)_ E ,COS — l+E Sm ] _ZkCI(_\/E?_I_g

4 4 o T'Z 2
E T, m, _kqf V2, V2
Eq3(0)=—Eq4coszl—Eq4st] == (-5~
B0y = 2KaV2. | _2V2kq.
r2 2 Tz
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I11.3. Electrostatic Potential:

The electrostatic potential created by a charge Q at a point M in space at a distance
r from Q is given by:

k
V(M) = TQ [V] =Volt
Principe of superposition:

The total electrostatic potential created by n charges at point M is equal to the sum

of the partial electric potentials created by these charges:

n

ka, k k

o) = Ko kaz +qn= zq_
&} &) 17'

Relationship between electrostatic field and potentlal.

by analogy with the law of universal gravitation: F= —gradEp

Also: dV = —E. dl




U In Cartesian coordinates:

E=—gradV = E, 0+ Eyj+E,j= “axl 9y aZk

 In Cylindrical coordinates:

ov_ 1av_ av.

E = —gradV = E, i, + Eglig + E,j = — o Uy — oot —

1 In Spherical coordinates:

= . . . av_, 19V 1 av
E =—gradV = E,u, + Egug + Ey] = — 5 Ur T 5g Yo _rsinG%u‘p

Example:  |et:V(x,y,z) = 3x%y + z2

Calculate the modulus of E at point A(1,2, —1).

Solution:
7 y - ov., av | GVI_é vt - >
= —gra =~ 35" ay] 5y ¢ = —6xyi —3x°] —2zk

E(A) = —121-3]+ 2k = ||E|| = V122 + 32 + 22 = 12,53V /m



111.4. Internal Energy of a punctual charges dm

Definition:

The electrostatic potential energy of a charged particle placed in a field Eis equal to the work
required to bring this particle from infinity to its present position.

» For a charge particle Q placed in a field E

- —>

. M M_ M
dEp = —dW = —F.dl = —QE.dl =>j dEp=—Qf E.dl =—Qj (—=dV)

0 0
= Ep(M) — Ex(=) = QU —)2) = Ep(M) = QU

Internal enerqgy of a system of two punctual charges placed at a distance d:

Let be the charge g, placed in pointP;. We then bring a charge g, from infinity to P,.

= The necessary work is: q, q, q, (o)
W = q,V,(M) = q,V,(M) O'“"d _______ has -0
Py P,
U= Q192 _ w
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Internal Energy of a System of Three Punctual Charges:

q1 o q>
. 1 (CI1CI2 d29s3 C11513> P1° """" QPZ
U= + + ‘. ,
dpeg \ 112 723 713 \ ,.
rlS\\g// 23
P;

Internal Energy of a System of « n » Punctual Charges :

n

n
1 Z 7q9; 1 1 z q:4;
U= =—.
4ueg 1ij 2 4uey - Tij

i=1 j>i Jj#i




11l.5. Topography of the Vector Space:

1- Electrostatic Field Rows:

A field line is a curve such that at each of its points the electric field E be set

tangent to the curve. E

1l

> Field Rows Equation:

For an elementary displacement dl we have: (©)
- — — e — E
E//dl = EAdL=0
 In Cartesian coordinates: dl = dxi + dyj + dzk

EAdi=0 = (E,dz—E,dy)i— (Eydz — E,dx)j + (Exdy — E,dx)k = 0

(dy dx
E, E,
_ — y X
gxiy gy;lx —8 { dz dx - dx dy dz
= rAZ — L,AX = — = — = =
Eydz — E,dy = 0 Bz Ex Be by B
dz _dy
&EZ Ey




Properties:

U The field rows always start from the positive charge to the negative charge

[ The field rows never intersect.

\

|

O The number of field rows is proportional to the intensity of the electrostatic field.
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Equipotential: A surface is said to be equipotential if the potential V at any point

on that surface is constant.

Properties:

—

O The potential decreases along a field rows :dV = —E.dl

Q Electric field rows are perpendicular to the equipotential surfaces:

For a displacement dl on an equipotential surface, we have:

—

V=cte =>dV=0 =-E.dil=0=F Ldl
U The equipotential surfaces tighten when we move from a region of space where

the field is not very intense to a region where the field is more intense.

0 The work of the electric forces applied to a charge moving on an equipotential

surface is zero.

—

— —qff, [ =—qdV =0 (V = cts)

dl

dW = —F.
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111.6. Electrostatic Dipole:

[ Consisting of 2 equal and opposite charges (+q, —q) separated by a distance d=2a .

~i
U
Il
\S)
Q

111.6.1. Dipole Moment:

The dipole moment, denoted ﬁ, is given by: p
P =qd = 2qd = 2qal [13] = C.m Ou Debye (D)

1D =3,336.1073°C.m

-

d : represents the displacement of the negative charge to the positive charge



O The potential at point M due to the dipole is given by:
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The electric field is given by:

EM) = —gradV

In polar coordinates by: .
2 e II
o R R GV N 1 6V N // T/'// Ilr
E(M) =Erur+E9u9 — —Eur—;%ug ) /%i J I/I 1
up % !
0 4
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'l 1 \‘
oo
= kP 7'2 lll ; “\
o =§ EM) = r_sﬁe r: W\
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Torque Moment of Forces(i'> A FB) applied to the dipole:

T=0AANF;+O0BAFz = 0ANF,+0BA(—F,) = (04— 0B)AF,=(0A+BO)AF,

= (BO + OA)AFy=BANE, =ABAFy =ABAGE =qABAE |=Z2=PAE

Remarque: P

The force torque (FA,FB) tends to align the dipole parallel to the field



Ep =Ep, + Ep, =—qVs4+qlp

=q(Vg —Vy)
On the other hand, we have:

—_— VB = B—>
dV = —Edl = dV=—Ef
Va A

= Vz—V, = —E.AB

= Ep =q(Vg —V,) = E.AB =

= Ep = —FE = —PEcos0O
o=0= Ep = —PE = EPmin : Stable state 3/\ /‘:\\

d6=n=Ep, =PE = Epyor : Unstable state = _m/p\ 0 /,2 7




> For a volume« V » containing a total charge Q: ???7?

Each Elemental Volume dV of VV containing an elementary
charge dq considered as a punctual charge will create an

elementary field at point M:

kd
dE(M) = —ii
r
Such as: dq = pdV p: charge volume density,

The total field is given by: F?(M) _ J dE(M) — K

pdv
r2 u




Remark:

» Three types of uniform charge distributions:

1- Distribution of Uniform Linear Charge (1D): ( @ O
dq = Adl
The linear charge density is given by:
dq - Adl
-t Et EM)=kp—
A=— (M) ol
2- Distribution of surface charges (2d):
The surface charge density is given by:
d R ods _,
s=2 B EM)=k{p—1
ds r
3- Distribution of volume charges (3d):
The volume charge density is given by:
dq pdav

p:W Et EM) =k r—zu



Examples: /ﬁ

1- Calculate the electrostatic field created by a conductive wire of infinite length and

charge linear density A at a point M located at a distance D from the wire.
dE
y

The charge dq located on the distance dl will create at point M the field:

— _kdq_ _kadl_ o i A= dE,
d u —dE +dE = dEsinf1 + dEcos0]

2 2 i
Q The total field: FE = Z dE = Z dE, + Z dE, r 0 p N
O For reasons of symmetry we have: z dE, = 0 a’/ l :!
dq(dl 0
2 ; ] ] kaar At dl(dq)
=>E=ZdEy =jdEy =deC059] =j 2 cosO
D

[ On the other hand, we have: r = do

and [ =D tgf = dl =
cos6 Y cos?0

T

To describe all the thread( from —oo to +o0 ) : 8 Ranges from—g to ot

> kA 2kA
= F = LEECOSQdHJ = —j cosfdl ] = o
2



2- Calculate the electrostatic field created by a conductive disk with radius R and

surface charge density o at a point M on its axis at a distance z.

En Derive the field created by an infinitely plane uniformly charged at distance Z.

Solution:
A surface element dS centered at P creates a field at M: dE o Z
5 _kdq_ __kodS _ _ kordrdd dE,
R GCET O DN M
\ %
For reasons of symmetry, The total field will be set to(Oz): Z|\
F,0n = [ aB, = [ df Lo __? Sl
= = cosa ; COSq =— = ———— S
z z X V12 + 72 0 f'\b (dS)

X
dr

2 A o A
:E(M)—kaz] d@j —k02n(1— 1)=2—<1— 1)
0 (r2 4+ 22)2 (R2 + z2)2 €0 (R2 + z2)2

— o
For an Infinite Plan, We have: R - o0 = E, (M) = T
€0
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