


Introduction

Gauss' theorem allows you to quickly calculate the electric field created by symmetrical
charge distributions. First, we must define the notions of the Solid Angle and the flow of the
electric field through a surface.

« angle solid of Concept

We saw in the previous study plane angles. But when it comes to spatial

geometry, we find the solid angle. The solid angle is an “angle” in space,

consider a sphere with center O and radius r. °

We define the solid angle 22 under which we see a surface (S), from a \

point O, contained in a cone with vertex O. S

\ ,,
dsau _ dsnu ds.cosa ~———_ ¢
R? R? R?

« Noticed: If 7 and u are parallel, therefore cosa = 1, and consequently the solid angle is

equal to: d? =§=>!2 =%



Concept of flow of the electric field through any surface

The flow of the field E(M) created at one point M by a charge distribution Q

through a closed surface (S) is defined by:

bs=gf, E(M) ds(M)

. With ds elementary surface vector: ds = ds.7i And 7 unit vector




eorem Gauss S

The flow of the field E through a closed surface created by a distribution of
charges is equal to the algebraic sum of the charges present inside this surface (S;)
divided by g,

Ds=qh E(M) ds(M) = =2
* The relationship between solid angle and electric flux:
The electric field produced by a point charge g at a

distance from the charge is E = ka

r2

Flow through an elementary surface dS located at
distance r of charge q is :

CDS:gf;'ﬁSE).ES) = gﬁﬁst—zds.cosa =¢p K.q.dQ
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ds surface vector L on the surface is directed from the inside to the outside.

Remark

-

Gauss' theorem applies to charge distributions where there is symmetry.

El S (Gaussian surface) and E constant on S; where S Is an equipotential
surface.

General calculation method:

Find a closed surface passing through the point M where you want to calculate the
field.

Write the definition of the flow dg=¢f E. ds

Apply Gauss' theorem after calculating the algebraic charge inside the surface.



Exam/ple 1

« Calculation of the electrostatic field created
by a wire of infinite length and constant linear
density A positive by application of Gauss'
theorem.
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« By application of Gauss's Theorem calculate
the electrostatic field created by this distribution
at a point located at distance x from the wire.



SOLUTION

- Let us take as a closed surface (surface of Gauss), a cylinder of

radius x and length [ and axis the infinite wire.

9
« By reason of symmetry the field E is radial (carried by ox)

O(E) = o5, (E) + @, (E) + q’sg(E)

(F) = E.d—s;+# E.d—sz’+# 7.ds, /
Sq S, Ss

. Field E is perpendicular to the normal at any point

on both bases S_{ And S_2>

+ S0:E.dS; =E.dS,=0= &g (E) = o (E) =0

. Also, the field E is parallel to the normal of the lateral surface§

o @ (E)= 4, E.dS3 = E.S; = E.2m.x.1




« 2)The total charge contained in the surface of Gauss is .

Q =jdq= AJdl=/1.dl
» By applying the theorem of Gauss

Al
E.2m.x.l =—

€0 &
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Example 2

a- Calculation of the electrostatic field created at any point M in the space of
an infinite plane(P) of uniform surface density ¢ positive by application of
Gauss' theorem,

b-Calculate the electrostatic field generated by two infinite perpendicular

l\ .
! <

planes, and with respective charge densities ¢ and 2o.



52315231
Ko

Solutlon

« 1)-Let us take as the surface of Gauss a cylinder with an axis perpendicular to
the plane. Because of symmetry the field E is perpendicular to the plane (P) The

flow of the vector E emerging from the surface of Gauss is

.« () = q’sl(ﬁ) + @, (E) + @, (E)

e ®(E)= Ed51+gf;ﬁ Ed52+gr;6 E.ds,

Field E is perpendlcular to the normal of the lateral surface § = b, =0

* On the other hand, we have nothing to do with the two bases S;And S, , ;&I@ IE

field E is parallel to the normal so B
®(E) = @5, + s, =ES, + ES, = 2ES, = 2ES (S, =S, = S) =

» The charge contained in the surface of Gauss is / @ P /

¢« Q=/[[,dg=0][ dS= oS withe(S;=S5,=5)

«  We apply Gauss' theorem: @ |*

. CD(E)—ZES— —:>E— —
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« 2)-By analogy with question 1, the field E’ created by the

plan(P")is
A
E' = -
. FieldE resulting is then:
L EtOt — E ~+ E’
e Eypr =VE? +E"?
o) o) \/g o)
= |G*H()P=5—= E
N 2&q o 2 &

tot — o

V5 o

2 &



Example 3

« Consider two concentric spheres of radius Rland R (R1<R2). The outer
sphere of radius R Is charged with a constant and positive surface density
o, as for the interior sphere of radius Rlit Is charged with a volume density
p constant and positive. Using Gauss' theorem, determine the electrostatic
field E (r) at any point in space.




Solution

Given the symmetry of the problem, the field is radial.

- a)lstcase:r <R1

« The flux @ leaving the Gaussian sphere is:
®=E (r)S=E (r)4nr?(S =S quss)

« The internal charge of the Gaussian sphere is:

4prr 3

Z Qint = forpdv - for ,047'[7" Zdr —

 \We will therefore have:

. 3
¢ — E1 S:Z dint = E14T[,r 2 — 4pTl,'T

€o 3&9 1

pr
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b 2" case:R,<r<R,

* ®=E (r)S=E (r)4nr? (S =S quss)
« The internal charge of the Gaussian sphere is:

R R 4pTTR3
¢ Z int = fo 1pdv - fo 1p47TT2dT — 3R1

He comes :

° gp:EZS:Zth

€o

3
o [ = PRl
2 3807'2
4pTR3
o = E,4mr? =%
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c) 3" case: r >R2

®=E (1) S =E (1) 4nr*(S =S quss)

The internal charge of the Gaussian sphere is:

4pTTR3 R, 4pTTR3 R, 4pTT PR3
qut=qR1+qR2=p—3Ri—+J odS ='D—3Ri—+af 8m‘dr=p—3Rl—+47wR§
0 0

Eventually :

4pTTR3  4pmp2 Pp3 2
E (r)4nr?=—8+—F = F (r) =E£ %
3 3&p o 3 3&oT




