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Gauss’s theorem
Exercise 1:
- Let us take as a closed surface (surface of Gauss), a cylinder of radius x and length [ and axis the infinite
wire.

By reason of symmetry the field E is radial (carried by ox)
®(E) = &5, (E) + @5, (E) + @5, (E)
o(E) = §f E.dS; + . E.dS, + ff_E.dS;

Field E is perpendicular to the normal at any point on both bases S; And S,

ds,
S0:E.dS, = E.dS, =0= &g (E) = &, (F) =0 1 |
Also, the field E is parallel to the normal of the lateral surface § é ds;
5, (E) = b, E.dS; = E.S3 = E.2m.x.1 : i
The total charge contained in the surface of Gauss is. L | —x——-i’
Q=[dg=2Afdl=2l : %
By applying the theorem of Gauss : ‘
Al
E2m.x.l=—
& ' '
__4 vi s
2mxegg ds,
_ _ 2
V= [-Edx= - fmdx = ~7me In() + cte
Exercise 2:

Let us take as the surface of Gauss a cylinder with an axis perpendicular to the plane. Because of

symmetry the field Eis perpendicular to the plane (P) The flow of the vector E emerging from the
surface of Gauss is:

®(E) = &g, (E) + &g, (E) + @5, (E)
CD(E)j @Slﬁ.ﬁ+@sz E.TSZ+gﬁﬁ53 E.dsS; B
Field E is perpendicular to the normal of the lateral surface S; = ®;, =0
On the other hand, we have nothing to do with the two bases S;And S, ,
field E is parallel to the normal so
®(E) = &g, + g, =ES; +ES, = 2ES; =2ES (5, =5,=95)
So the charge contained in the surface of Gauss is
Q=J[.dg=0[[ dS= oS withe (S;=S5,=5)
We apply Gauss' theorem:
[} o

®(E)=2ES= Z5E= =

&o 280




2) By analogy with question 1, the field E’ created by the plan(P’)is
E'= 2
€o
Total Field E resulting is then:
EtOt - E + E,

EtOt - VEZ +E’2

Vs
Feoe = (G224 (D2 =52

r 5o
tot — 7, £0
Exercise 3:
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By application of Gauss's Theorem, let us calculate the electrostatic field created by a sphere with center O and radius R

charged with a constant volume density positive p

For reasons of symmetry, the vector FE is radial and has the same modulus at any point of a sphere with center O

and radius r (Gaussian surface)
Istcaser <R:

®(E) = §p. Ey.dS = §p.E; .dS = E,.S = Ey4m?
The total charge of the sphere is
Q=f[fpdV =p.[;aV =p.V

Q=p %nr3
By applying gauss’s theorem

2 p4nr3
E14T[T _—380
El = Lr

38()

2ndcaser > R:
CD(E) = @SE—Z)ES) = ﬁS’EZ .dS = Ezs = E24T[T2
The total charge of the sphere is

R
Q=[flfpdv =p.f;av=p.V
Q=p %HR3
By applying gauss’s theorem

5 p4nr3
E;4nrs = 35y

3
PR
E, =
2 3¢ ()TZ
2) Electrical potential

pr?
r<R: Vl = _g +Cl
0

rSR VU, = 2 ¢
) 2_6807' 2

By writing the boundary conditions we have
Vz (00)20 = Cz :O

PR’

ViR)=V,(R) =(; = TN
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