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3. Continuous charge distribution

When charge Q is distributed continuously over the dimensions of a
material (length, surface, or volume), it cannot be considered as a point
charge. This concept necessitates the use of density parameters (linear,
surface, or volume) to characterize the distribution of charge within the
material.

What is continuous charge distribution?

In a continuous charge distribution, all the charges are closely bound together
i.e. having very less space between them. But this closely bound system
doesn’t mean that the electric charge is uninterrupted. It clears that the
distribution of separate charges is continuous, having a minor space between
them.
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a. Linear charge distribution:
The charge Q is distributed along a wire, in this case, we define the linear charge

density, denoted by A, given by the equation:

dq L

_dq Elementary charge dl

~ dl  Elementary length

Where: dq is the elementary charge carried by the

elementary length dl.

[ts unit is Coulomb per meter (C/m).
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The total charge carried by the wire of length L is:

L
dq=/1dl=>Q=JAdl
0

dq
[f the charge Q is uniformly distributed dl

along the wire, then A is constant.

L
szlf dl = Q = AL
0
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b. Surface charge distribution

The charge Q is distributed over a surface S. In this
case, we define the surface charge density, denoted

by o, given by the equation:

_dq Charg e élémentaire

0 =—= - :
ds Surfaceélementaire

Where: dq is the elementary charge carried by the

elementary surface ds.

Its unit is Coulomb per square meter (C/m?).
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The total charge carried by the surface S is:

dq=ads:/~Q=Jf0'ds
S

If the charge Q is uniformly distributed over the surface S, then o is
constant:

Q=0JLds:>Q:05 dq .....
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c. Volume charge distribution

The charge Q is distributed over a volume V. In this case, we define the

volume charge density, denoted by p, given by the equation

_dq Charg e élémentaire

P = = ; ,
dv volumeélementaire

Where: dq is the elementary charge carried by the elementary volume dv.

Its unit is Coulomb per cubic meter (C/m3).
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The total charge carried by the volume v is:

dq=pdv:Q=]ijdv

[f the charge Q is uniformly distributed over the volume v, then p is

constant:

Q=pﬂvdv=>Q=pv
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4. The electric field and potential created by a continuous distribution of
charges

To calculate the electric field E and the potential V at point M in space created
by a continuous charge distribution, we start by expressing the elementary

electric field dE and the elementary potential dV created by an elementary
charge dq at point M in space. By integrating the obtained relations, we obtain
the total electric field and potential created by this charge distribution (by the
total charge Q ) at point M
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Linear charge
distribution

Surface charge
distribution

Volume charge
distribution

Dr IACHACHENE FARIDA

FHC-UMBB-2023-2024




e (Case of linear charge distribution:
o - Adl _,

L T2
Adl
Vy =k | — e (Case of surface charge distribution:

Hr EM—jdEM—kﬂadS
Jfads

ur

e (Case of volume charge distribution:

pdv
Fu - [at i [][ 22
dv
VM=kff pav
s T
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Example 1

A metal rod of length L carries a charge Q uniformly distributed with a linear charge

density A >0 (see figure below).

a L
SEEEEEPEPPRRPEPEPES > o> S
O<________'___;( """"""""""" >dq X

1. Find the net electric field EO created by the rod at point O as a

function of L, a, and A .

2. Find the net potential V, created by the rod at point O.
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Solution

Firstly, you need to plot the elementary field vector dE at point O created by the
elementary charge dq as well as the unit vector u,.. This field emanates from dq

towards O because the charge is positive.

The elementary field is given by the following relationship:

dE . L
4_‘_|< —————————————————————— > ------2 e > S
— (R G > dq X
U, X
- dq _.
dEO = kr—zur
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Q] ST m oo >E-—--—- 2 o> S
— O< ______________________________ > dq X
U, X
From the figure, we can deduce that: 1, = —7 ; r =x,and dq = Adx
S, Adx
— dEo = — 7l

. L+ad . L+a
E0=jdEo=—k/'l —Zf:Eo=—k/1 — — 1
C‘:“t"é a X X q
7o kAL
0 a(L+a)l
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2. Finding the net potential V, created by the rod at point O.

[Eozmoommmomooooooooo- > e S
O<____________;( _______________ >dq X
dq Adx
dV, = k—=>dV, = k—

r X
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Example 2

Consider a linear charge distribution with density A, uniformly spread over a wire in

the shape of a semicircle with radius R, as shown in the figure below.
y

R A

0 X

Find the expression for the electric field Eo created by the charge distribution A
at point O.
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Solution

The elementary field created by an elementary charge is given by
y

= dg —
dE, = kR—‘Z’u and dq = Adl,
The projection onto the axes:

[ Adl

dE, = Kﬁcosei’

X Adl ) and dl = Rd6

dEy = —KFSULQJ
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1l

1l

f

\
f

\

S ARdO R
dE, = K 22 cosO1
S ARdAO
dE, = —K o2 sinfj
— A " - KA . . - -
E, = K—f cos0dOi = — |sinm — sin 0]7 = 01
R J, R
E K’lfn'ede* K/l[ 0]7 2Ka.
=—K— | sin =K—|[cosm—cos0]j = ———
% R, J P J nJ
P - 2KA |
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