


Electron Cloud In Metals

> Electrical conductors are materials through which
electrons move freely.

» When such a material is placed in an electric field,
the free electrons move in a direction opposite to the
field.
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» A conductor is said to be in if all charges are (gleXeigleifels
displacement in this medium)

» Charges in a neutral conductor placed in a
fleld move to cancel out the field in the conductor. This changes

the external fiel /




Properties of a conductor in equilibrium

A- The Electric Field

charges inside a

or are immobile
force. this condition translo info a zero

each charge. =q =0~ therefore the elec
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» for the same reason, of the conductor
must be to this surface, because if there were a
parallel component, the free charges would migrate on the
surface of the conductor



B- The Conductor In Equilibrium Constitutes An Equipotential Volume

» Indeed, the potential differe
between any two points M and M’ Is

defined by dV =-". ' orE=0 for @

conductor in equilibrium = .

> As the potential is the same at all points of
the conductor, the external surface is an
equipotential surface. We find that the field
Is normal to this surface.



C. Distribution Of Charges

Wehave @=¢§ E—.ds — =) Qin

Qint=0

The total electric charge inside the conductor is then
said to be zero, and the charge is localized on the
surface of the conductor o ).



The Electric field in the immediate vicinity of a conductor
and the surface electric charge (coulomb's theorem)

Surface charge &S r,;:fﬁj
3 "
density & Wik T

- Flux through the lateral surface (ze
- Flux through the interior base (zero) (E=0)

Only the flow remains through the exterior base

Furthermore, if o is the surface charge density, the charge
contained in the cylinderis:dq=0 .d S
By applying Gauss' theorem: =0

EdS=(s.dS )/e O -

2=




Electrostatic pressure

calculated by
surface of the conductor by the chc

= The average electric field is according to the above:

= The electrostatic pressure is:



Capacity Of A Conductor In Electrostatic Equilibrium

every pcC
= since E and g are proportional ¢

conductor whose potential is V.
=  We write this in the form:

= The proportionality constant C is called the self-capacitance of
the isolated conductor:



10~

nanofarad: N

picofarad: F (oF)



Potential Energy Of A Conductor In Elecirostatic Equilibrium

(this energy is always positive



Elecirostatic Influence Between Conductors

If we place a conductor in an electric field, the
positive charges go in the same direction as the
field and the negative charges go in the opposite
direction, creating two poles, one positive and one
negative.

There are of electrostatic in the
presence of two charged conductors.



Let us consider an electrically neutral conductor
A. Let us approach the latter, a positively

charged conductor B, as shown in the figure. T Neutral conducting
c c 5 h ith ch
Conductor B creates an electric field in space dsrioction.

and in particular in conductor A E ~




» Conversely, positive charge
other face of conductor A, which result from ele
» The accumulation of charge(+) on one side and charge(-) on the other side,
creates an electric field (E ')” inside the conductor A which opposes E
inside the conductor A which opposes E ~

> Inside conductor A, the free electrons only stop moving when the total
electric field disappears. The system formed by the two conductors then
reaches a state of polarised equilibrium.



The charges carried by two corresponding surface elements facing each other are equal and
of opposite sign.

d If conductor A is connected to earth, positive charges flow to earth, and the charge in
conductor A will be Q'A is negative due to the partial influence of the earth.

Appearance of charges ( ) on the part of close to .The ( ) charges of go info the

2. Sphere is connected
to ground.

Phenomenon of influence does not modify the potential of the conductor, but modifies its total charge
and the distribution of this charge.




2- Total Influence




1-Case where B isneutral: Q0B =0

We put 4 intoB :

ForB: QB =Q1+
Q2
Withe : Q1= -QA

Q2= +QA

OB = (+Q@4) + (@A) =0




2- Case where Bis hollowand: QB #0

ForB: QB =Q1+Q2
Withe : Q1=-QA

Q2=QB -Q1

So: Q2= +



3- Case B connected to the earth

we connect to the

Q1=0

felt | VB =V earth =




Capacitors

Definition

Q: charge in one plate
V: potential between the two plates



Calculating Capacitance

using the expressic

This method only applies, of course, in simple geometric cases, such as those
we will examine now.



Calculating Capacitance

1-Parallel-plate capacitor

spaced d apc

d Let the load Q be distributed regularly on each reinfo
the (uniform) surface density:




280 280 €o

= [, (z2) — V= ~d

v The capacitance of a parallel plane capacitor is




Cylindrical Capacitor

o The calculation of ,
the immediate application of Gauss' theore
two ends:




Spherical capacitor

o we write :




Energy stored in a capacitor

Knowing that Q = C.V we can write






