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Cálculo do campo gerado por um fio infinito 
uniformemente carregado com densidade de carga λ

O problema apresenta simetria cilíndrica: o campo 
é radial e tem a mesma intensidade em pontos 
equidistantes do eixo do !o.          

(4) Calculate the electric flux ΦE  through the Gaussian surface for each region. 

(5) Equate ΦE  with qenc / ε0 , and deduce the magnitude of the electric field. 

Example 4.1: Infinitely Long Rod of Uniform Charge Density 

An infinitely long rod of negligible radius has a uniform charge density λ . Calculate the 
electric field at a distance r  from the wire.   

Solution: 

We shall solve the problem by following the steps outlined above.   

(1) An infinitely long rod possesses cylindrical symmetry.   

(2) The charge density is uniformly distributed throughout the length, and the electric 
& 

field E must be point radially away from the symmetry axis of the rod (Figure 4.2.6). 
The magnitude of the electric field is constant on cylindrical surfaces of radius r . 
Therefore, we choose a coaxial cylinder as our Gaussian surface.   

Figure 4.2.6 Field lines for an infinite uniformly charged rod (the symmetry axis of the 
rod and the Gaussian cylinder are perpendicular to plane of the page.) 

(3) The amount of charge enclosed by the Gaussian surface, a cylinder of radius r  and 
length "  (Figure 4.2.7), is qenc = λ" . 

Figure 4.2.7 Gaussian surface for a uniformly charged rod.  
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(4) Calculate the electric flux ΦE  through the Gaussian surface for each region. 

(5) Equate ΦE  with qenc / ε0 , and deduce the magnitude of the electric field. 

Example 4.1: Infinitely Long Rod of Uniform Charge Density 

An infinitely long rod of negligible radius has a uniform charge density λ . Calculate the 
electric field at a distance r  from the wire.   

Solution: 

We shall solve the problem by following the steps outlined above.   

(1) An infinitely long rod possesses cylindrical symmetry.   

(2) The charge density is uniformly distributed throughout the length, and the electric 
& 

field E must be point radially away from the symmetry axis of the rod (Figure 4.2.6). 
The magnitude of the electric field is constant on cylindrical surfaces of radius r . 
Therefore, we choose a coaxial cylinder as our Gaussian surface.   

Figure 4.2.6 Field lines for an infinite uniformly charged rod (the symmetry axis of the 
rod and the Gaussian cylinder are perpendicular to plane of the page.) 

(3) The amount of charge enclosed by the Gaussian surface, a cylinder of radius r  and 
length "  (Figure 4.2.7), is qenc = λ" . 

Figure 4.2.7 Gaussian surface for a uniformly charged rod.  
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Fio visto de frente    

Escolhemos uma superfície Gaussiana (fechada) cilindrica, de raio r e comprimento l, 
com eixo coincidente com o !o.         

S1 e S2 são as tampas e S3 é a superfície lateral

�S3 =

Z

S3

~E3 · d ~A3 =

Z

S3

E3 dA3 = E3

Z

S3

dA3 = E3 A3 = E3 2⇡r`

~E3 k d ~A3

E3 não varia em módulo ao 
longo da superfície lateral

� = �S1 + �S2 + �S3

�S1 = �S2 = 0 ~E1 ? d ~A1; ~E2 ? d ~A2
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Campo gerado por um fio infinito uniformemente 
carregado com densidade de carga λ

(4) Calculate the electric flux ΦE  through the Gaussian surface for each region. 

(5) Equate ΦE  with qenc / ε0 , and deduce the magnitude of the electric field. 

Example 4.1: Infinitely Long Rod of Uniform Charge Density 

An infinitely long rod of negligible radius has a uniform charge density λ . Calculate the 
electric field at a distance r  from the wire.   

Solution: 

We shall solve the problem by following the steps outlined above.   

(1) An infinitely long rod possesses cylindrical symmetry.   

(2) The charge density is uniformly distributed throughout the length, and the electric 
& 

field E must be point radially away from the symmetry axis of the rod (Figure 4.2.6). 
The magnitude of the electric field is constant on cylindrical surfaces of radius r . 
Therefore, we choose a coaxial cylinder as our Gaussian surface.   

Figure 4.2.6 Field lines for an infinite uniformly charged rod (the symmetry axis of the 
rod and the Gaussian cylinder are perpendicular to plane of the page.) 

(3) The amount of charge enclosed by the Gaussian surface, a cylinder of radius r  and 
length "  (Figure 4.2.7), is qenc = λ" . 

Figure 4.2.7 Gaussian surface for a uniformly charged rod.  
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q = �`  -  onde       é a densidade linear de carga no fio�

q é a carga envolvida pela 
superfície Gaussiana� = E3 2⇡ r ` =

q

✏0

(4) As indicated in Figure 4.2.7, the Gaussian surface consists of three parts: a two ends 
S1  and S2 plus the curved side wall S3 . The flux through the Gaussian surface is 

E Ò∫∫ 
r 

⋅ d 
r 

= ∫∫E 
r

1 ⋅ dA 
r

1 + ∫∫E 
r

2 ⋅ dA 
r

2 + ∫∫E 
r

3 ⋅ dA 
r

3Φ =  E A  
S S1 S2 S3 (4.2.15) 

= +  3 3  (2 )0 0 + E A  = E π r" 

where we have set E3 = E . As can be seen from the figure, no flux passes through the 
& & 

ends since the area vectors dA1 and dA2 are perpendicular to the electric field which 
points in the radial direction. 

(5) Applying Gauss’s law gives E (2π r") = λ" / ε , or0 

λ
E =  (4.2.16)

2πε0r 

The result is in complete agreement with that obtained in Eq. (2.10.11) using Coulomb’s 
law. Notice that the result is independent of the length " of the cylinder, and only 
depends on the inverse of the distance r from the symmetry axis. The qualitative 
behavior of E  as a function of r  is plotted in Figure 4.2.8. 

Figure 4.2.8 Electric field due to a uniformly charged rod as a function of r 

Example 4.2: Infinite Plane of Charge 

Consider an infinitely large non-conducting plane in the xy-plane with uniform surface 
charge density σ . Determine the electric field everywhere in space.  

Solution: 

(1) An infinitely large plane possesses a planar symmetry.  
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E3 2⇡ r ` =
�`

✏0
) E3 =

�

2⇡✏0 r
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Cálculo do campo gerado por um cilindro de raio R 
uniformemente carregada com densidade de carga ρ 

O problema apresenta simetria cilíndrica: o campo é radial e tem a mesma intensidade 
em pontos equidistantes do eixo do cilindro.          

Escolhemos uma superfície Gaussiana (fechada) cilíndrica, de raio r e comprimento L, 
com eixo coincidente com o eixo do cilindro.         

R

L

r

S3

S1 S2

S1 e S2 são as tampas e S3 é a superfície lateral � = �S1 + �S2 + �S3

�S1 = �S2 = 0 E1 ? d~S1; E2 ? d~S2

�S3 =

Z

S3

~E3 · d~S3 =

Z

S3

E3 dS3 = E3

Z

S3

dS3 = E3 S3 = E3 2⇡rL

d~S1 d~S2

d~S3

(4) Calculate the electric flux ΦE  through the Gaussian surface for each region. 

(5) Equate ΦE  with qenc / ε0 , and deduce the magnitude of the electric field. 

Example 4.1: Infinitely Long Rod of Uniform Charge Density 

An infinitely long rod of negligible radius has a uniform charge density λ . Calculate the 
electric field at a distance r  from the wire.   

Solution: 

We shall solve the problem by following the steps outlined above.   

(1) An infinitely long rod possesses cylindrical symmetry.   

(2) The charge density is uniformly distributed throughout the length, and the electric 
& 

field E must be point radially away from the symmetry axis of the rod (Figure 4.2.6). 
The magnitude of the electric field is constant on cylindrical surfaces of radius r . 
Therefore, we choose a coaxial cylinder as our Gaussian surface.   

Figure 4.2.6 Field lines for an infinite uniformly charged rod (the symmetry axis of the 
rod and the Gaussian cylinder are perpendicular to plane of the page.) 

(3) The amount of charge enclosed by the Gaussian surface, a cylinder of radius r  and 
length "  (Figure 4.2.7), is qenc = λ" . 

Figure 4.2.7 Gaussian surface for a uniformly charged rod.  
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Cilindro visto de frente    ~E3

~E1 ~E2
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Cálculo do campo gerado por um cilindro de raio R 
uniformemente carregada com densidade de carga ρ 

R

L

r

S3

S1 S2

� =
q

L
=

⇢ ⇡R2 L

L
= ⇢ ⇡R2

� = E3 2⇡ r L =
q

✏0
q é a carga envolvida pela superfície Gaussiana

r > R q = ⇢ ⇡R2 L r < R q = ⇢ ⇡r2 L

r

R

r
R

~E3

~E3

or 

E = 
3 
ρ
ε 
r 

0 

= 
4πε  

Qr 

0a
3 , r a  ≤  (4.2.26) 

Case 2: r a .≥ 

In this case, our Gaussian surface is a sphere of radius r a , as shown in Figure≥ 
4.2.15(b). Since the radius of the Gaussian surface is greater than the radius of the sphere 
all the charge is enclosed in our Gaussian surface: qenc = Q . With the electric flux 
through the Gaussian surface given by Φ =  E(4π r 2 ) , upon applying Gauss’s law, weE 

obtain (4π 2 ) = Q / ε0E r  , or 

Q QE = = k , r a  >  (4.2.27)
4πε0r

2 e r2 

The field outside the sphere is the same as if all the charges were concentrated at the 
center of the sphere. The qualitative behavior of E as a function of r is plotted in Figure 
4.2.16. 

Figure 4.2.16 Electric field due to a uniformly charged sphere as a function of r . 

4.3  Conductors 

An insulator such as glass or paper is a material in which electrons are attached to some 
particular atoms and cannot move freely. On the other hand, inside a conductor, electrons 
are free to move around. The basic properties of a conductor are the following: 

(1) The electric field is zero inside a conductor.  

&) 
If we place a solid spherical conductor in a constant external field E0 , the positive and 

&
negative charges will move toward the polar regions of the sphere (the regions on the left 
and right of the sphere in Figure 4.3.1 below), thereby inducing an electric field E′ .  
Inside the conductor, 

&)& 
E′ points in the opposite direction of E0 . Since charges are mobile, 

&
E′  completely cancels E0 

&) 
&

they will continue to move until 
electrostatic equilibrium, E must vanish inside a conductor. Outside the conductor, the 

inside the conductor. At 

4-15 

R

E =
⇢

2✏0
r E =

⇢R2

2✏0r

Cilindro visto de frente    
Cilindro visto de frente    

E =
⇢

2✏0
r =

�

2⇡✏0 R2
r (r < R)

E =
⇢R2

2✏0r
=

�

2⇡✏0 r
(r > R)
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Cáculo do campo gerado por um plano infinito 
uniformemente carregado com densidade de carga σ

&
(2) Since the charge is uniformly distributed on the surface, the electric field E  must 
point perpendicularly away from the plane, E 

& 
= E k̂ . The magnitude of the electric field 

is constant on planes parallel to the non-conducting plane. 

Figure 4.2.9 Electric field for uniform plane of charge 

We choose our Gaussian surface to be a cylinder, which is often referred to as a “pillbox” 
(Figure 4.2.10). The pillbox also consists of three parts: two end-caps S1  and S2 , and a 
curved side S3 . 

Figure 4.2.10 A Gaussian “pillbox” for calculating the electric field due to a large plane. 

(3) Since the surface charge distribution on is uniform, the charge enclosed by the 
Gaussian “pillbox” is qenc = σ A , where A A= 1 = A2  is the area of the end-caps.  

(4) The total flux through the Gaussian pillbox flux is 

Ò∫∫ 
r 

⋅ d 
r 

= ∫∫E 
r 

⋅ dA 
r 

+ ∫∫E 
r 

⋅ dA 
r 

+ ∫∫E 
r 

⋅ dA 
r 

Φ =  E AE 1 1 2 2 3 3 
S S1 S2 S3 

= E A + E A  + 0 (4.2.17)1 1  2 2  

(E1 + 2 )= E A  
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1. O problema apresenta simetria planar

2. O campo elétrico deve ser perpendicular ao plano 

3. Tem a mesma intensidade em pontos equidistantes do plano

&
(2) Since the charge is uniformly distributed on the surface, the electric field E  must 
point perpendicularly away from the plane, E 

& 
= E k̂ . The magnitude of the electric field 

is constant on planes parallel to the non-conducting plane. 

Figure 4.2.9 Electric field for uniform plane of charge 

We choose our Gaussian surface to be a cylinder, which is often referred to as a “pillbox” 
(Figure 4.2.10). The pillbox also consists of three parts: two end-caps S1  and S2 , and a 
curved side S3 . 

Figure 4.2.10 A Gaussian “pillbox” for calculating the electric field due to a large plane. 

(3) Since the surface charge distribution on is uniform, the charge enclosed by the 
Gaussian “pillbox” is qenc = σ A , where A A= 1 = A2  is the area of the end-caps.  

(4) The total flux through the Gaussian pillbox flux is 

Ò∫∫ 
r 

⋅ d 
r 

= ∫∫E 
r 

⋅ dA 
r 

+ ∫∫E 
r 

⋅ dA 
r 

+ ∫∫E 
r 

⋅ dA 
r 

Φ =  E AE 1 1 2 2 3 3 
S S1 S2 S3 

= E A + E A  + 0 (4.2.17)1 1  2 2  

(E1 + 2 )= E A  
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Superfície Gaussiana apropriada
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Cáculo do campo gerado por um plano infinito 
uniformemente carregado com densidade de carga σ

&
(2) Since the charge is uniformly distributed on the surface, the electric field E  must 
point perpendicularly away from the plane, E 

& 
= E k̂ . The magnitude of the electric field 

is constant on planes parallel to the non-conducting plane. 

Figure 4.2.9 Electric field for uniform plane of charge 

We choose our Gaussian surface to be a cylinder, which is often referred to as a “pillbox” 
(Figure 4.2.10). The pillbox also consists of three parts: two end-caps S1  and S2 , and a 
curved side S3 . 

Figure 4.2.10 A Gaussian “pillbox” for calculating the electric field due to a large plane. 

(3) Since the surface charge distribution on is uniform, the charge enclosed by the 
Gaussian “pillbox” is qenc = σ A , where A A= 1 = A2  is the area of the end-caps.  

(4) The total flux through the Gaussian pillbox flux is 
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� = �S1 + �S2 + �S3

�S3 = 0
⇣
~E3 ? d ~A3

⌘

�S1 =

Z

S1

~E1 · d ~A1 =

Z

S1

E1 dA1 = E1

Z

S1

dA1 = E1 A1 = E1 ⇡r
2

E1 não varia em módulo ao longo da superfície S1~E1 k d ~A1

Analogamente,                            .    Como 

As superfícies S1 e S2 são equidistantes do plano

q = � ⇡r2 ) 2E ⇡r2 =
� ⇡r2

✏0
) E =

�

2✏0

�S2 = E2 ⇡r
2 E1 = E2 = E � = 2E ⇡r2
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Cáculo do campo gerado por uma superfície esférica de 
raio a uniformemente carregada com carga Q

1. O problema apresenta simetria esférica

2. O campo elétrico é radial

3. Tem a mesma intensidade em pontos equidistantes do centro da esfera 

Isto é válido para superfícies Gaussianas com raios r maiores ou menores do que a         

Escolhemos superfícies Gaussianas esféricas, de raio r centrada no centro da casca.

E não varia em módulo ao 
longo da superfície S

~E k d~S

�S =

Z

S

~E · d~S =

Z

S
E dS = E

Z

S
dS = E 4⇡r2

Example 4.3: Spherical Shell 

A thin spherical shell of radius a has a charge +Q evenly distributed over its surface. 
Find the electric field both inside and outside the shell. 

Solutions: 

The charge distribution is spherically symmetric, with a surface charge density 
σ = / s = / 4  a2 , where As = π 2Q A  Q  π 4 a is the surface area of the sphere. The electric field 
& 
E must be radially symmetric and directed outward (Figure 4.2.12). We treat the regions 
r a ≥ separately.≤  and r a

Figure 4.2.12 Electric field for uniform spherical shell of charge 

Case 1: r a≤ 

We choose our Gaussian surface to be a sphere of radius r a≤ , as shown in Figure 
4.2.13(a). 

(a) (b) 

Figure 4.2.13 Gaussian surface for uniformly charged spherical shell for (a) r a< , and 
(b) r a≥ 

The charge enclosed by the Gaussian surface is qenc = 0 since all the charge is located on 
the surface of the shell. Thus, from Gauss’s law, Φ = q / ε , we conclude E enc 0 

E = 0, r a  <  (4.2.22) 

Case 2: r a≥ 

4-12 

r
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Cáculo do campo gerado por uma superfície esférica de 
raio a uniformemente carregada com carga Q

(a) r < a        

�S = E 4⇡r2 =
q

✏0

q = 0 ) E = 0

(b) r > a        

Example 4.3: Spherical Shell 

A thin spherical shell of radius a has a charge +Q evenly distributed over its surface. 
Find the electric field both inside and outside the shell. 

Solutions: 

The charge distribution is spherically symmetric, with a surface charge density 
σ = / s = / 4  a2 , where As = π 2Q A  Q  π 4 a is the surface area of the sphere. The electric field 
& 
E must be radially symmetric and directed outward (Figure 4.2.12). We treat the regions 
r a ≥ separately.≤  and r a

Figure 4.2.12 Electric field for uniform spherical shell of charge 

Case 1: r a≤ 

We choose our Gaussian surface to be a sphere of radius r a≤ , as shown in Figure 
4.2.13(a). 

(a) (b) 

Figure 4.2.13 Gaussian surface for uniformly charged spherical shell for (a) r a< , and 
(b) r a≥ 

The charge enclosed by the Gaussian surface is qenc = 0 since all the charge is located on 
the surface of the shell. Thus, from Gauss’s law, Φ = q / ε , we conclude E enc 0 

E = 0, r a  <  (4.2.22) 

Case 2: r a≥ 
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r

Example 4.3: Spherical Shell 

A thin spherical shell of radius a has a charge +Q evenly distributed over its surface. 
Find the electric field both inside and outside the shell. 

Solutions: 

The charge distribution is spherically symmetric, with a surface charge density 
σ = / s = / 4  a2 , where As = π 2Q A  Q  π 4 a is the surface area of the sphere. The electric field 
& 
E must be radially symmetric and directed outward (Figure 4.2.12). We treat the regions 
r a ≥ separately.≤  and r a

Figure 4.2.12 Electric field for uniform spherical shell of charge 

Case 1: r a≤ 

We choose our Gaussian surface to be a sphere of radius r a≤ , as shown in Figure 
4.2.13(a). 

(a) (b) 

Figure 4.2.13 Gaussian surface for uniformly charged spherical shell for (a) r a< , and 
(b) r a≥ 

The charge enclosed by the Gaussian surface is qenc = 0 since all the charge is located on 
the surface of the shell. Thus, from Gauss’s law, Φ = q / ε , we conclude E enc 0 

E = 0, r a  <  (4.2.22) 

Case 2: r a≥ 

4-12 

r

In this case, the Gaussian surface is a sphere of radius r a , as shown in Figure≥ 
4.2.13(b). Since the radius of the “Gaussian sphere” is greater than the radius of the 
spherical shell, all the charge is enclosed: 

qenc = Q 

Since the flux through the Gaussian surface is 

r r 
Φ =  ⋅  d = E = (4π 2 )Ò∫∫ E A  A E  rE 

S 

by applying Gauss’s law, we obtain 

E = 
4πε 

Q 

0r
2 = ke r

Q 
2 , ≥r a  (4.2.23) 

Note that the field outside the sphere is the same as if all the charges were concentrated at 
the center of the sphere. The qualitative behavior of E as a function of r is plotted in 
Figure 4.2.14. 

Figure 4.2.14 Electric field as a function of r due to a uniformly charged spherical shell.  

As in the case of a non-conducting charged plane, we again see a discontinuity in E as we 
cross the boundary at r a . The change, from outer to the inner surface, is given by = 

∆ = + − 
Q 

2 = σE E  E  − = − 0 
4πε0a ε0 

Example 4.4: Non-Conducting Solid Sphere 

An electric charge +Q is uniformly distributed throughout a non-conducting solid sphere 
of radius a . Determine the electric field everywhere inside and outside the sphere. 

Solution: 

4-13 

 -   carga envolvida pela superfície 
Gaussiana

carga da casca         

Para r >a é como se toda a 
carga da casca estivesse no 

centro da casca. 
O campo é descontínuo em r =a 

q = Q ) E =
Q

4⇡✏0 r2
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Cálculo do campo gerado por uma esfera de raio R 
uniformemente carregada com carga Q

1. O problema apresenta simetria esférica

2. O campo elétrico é radial

3. Tem a mesma intensidade em pontos equidistantes do centro da esfera 

Isto é válido para superfícies Gaussianas com raios r maiores ou menores do que R         

Escolhemos superfícies Gaussianas esféricas, de raio r centrada no centro da casca.

E não varia em módulo ao 
longo da superfície S

~E k d~S

�S =

Z

S

~E · d~S =

Z

S
E dS = E

Z

S
dS = E 4⇡r2

r

r
~E

R
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Cálculo do campo gerado por uma esfera de raio R 
uniformemente carregada com carga Q

(a) r > R        
�S = E 4⇡r2 =

q

✏0
 carga envolvida pela superfície 

Gaussiana

carga da esfera         

(b) r < R        

r

R

~E

r
R

~E q = ⇢VSG ; ⇢ =
Q

4
3⇡R

3
; VSG =

4

3
⇡r3 ) q = Q

✓
r3

R3

◆

E 4⇡r2 =
Q

✏0

r3

R3
) E =

✓
Q

4⇡✏0R3

◆
r

or 

E = 
3 
ρ
ε 
r 

0 

= 
4πε  

Qr 

0a
3 , r a  ≤  (4.2.26) 

Case 2: r a .≥ 

In this case, our Gaussian surface is a sphere of radius r a , as shown in Figure≥ 
4.2.15(b). Since the radius of the Gaussian surface is greater than the radius of the sphere 
all the charge is enclosed in our Gaussian surface: qenc = Q . With the electric flux 
through the Gaussian surface given by Φ =  E(4π r 2 ) , upon applying Gauss’s law, weE 

obtain (4π 2 ) = Q / ε0E r  , or 

Q QE = = k , r a  >  (4.2.27)
4πε0r

2 e r2 

The field outside the sphere is the same as if all the charges were concentrated at the 
center of the sphere. The qualitative behavior of E as a function of r is plotted in Figure 
4.2.16. 

Figure 4.2.16 Electric field due to a uniformly charged sphere as a function of r . 

4.3  Conductors 

An insulator such as glass or paper is a material in which electrons are attached to some 
particular atoms and cannot move freely. On the other hand, inside a conductor, electrons 
are free to move around. The basic properties of a conductor are the following: 

(1) The electric field is zero inside a conductor.  

&) 
If we place a solid spherical conductor in a constant external field E0 , the positive and 

&
negative charges will move toward the polar regions of the sphere (the regions on the left 
and right of the sphere in Figure 4.3.1 below), thereby inducing an electric field E′ .  
Inside the conductor, 

&)& 
E′ points in the opposite direction of E0 . Since charges are mobile, 

&
E′  completely cancels E0 

&) 
&

they will continue to move until 
electrostatic equilibrium, E must vanish inside a conductor. Outside the conductor, the 

inside the conductor. At 

4-15 

R        

O campo é contínuo em r =R 
Para r >R é como se toda a 
carga da esfera estivesse no 

centro da esfera. 

( r < R )        

q = Q ) E =
Q

4⇡✏0r2
(r > R)
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Campo elétrico nas vizinhanças da superfície de um 
condutor carregado

1. O campo elétrico no interior de um condutor em equilíbrio eletrostático é nulo.

2. O excesso de carga no condutor vai para a sua superfície.

3. A componente tangencial do campo elétrico na superfície de um condutor em 
equilíbrio eletrostático é nula. 

Consequentemente, o campo elétrico gerado por 
um condutor carregado deve ser perpendicular à 
sua superfície em pontos próximos a ela.   

)&
Since the electric field E  is conservative, the line integral around the closed path abcda 
vanishes: 

∫ E s  = Et ( )l En ( x ')  0 (  l ') En (∆x) = 0Ñ 
ur 

⋅dr ∆ −  ∆ + ∆ +  
abcda 

where Et and En are the tangential and the normal components of the electric field, 
respectively, and we have oriented the segment ab so that it is parallel to Et. In the limit 
where both ∆x and x E l 0. ' 0, t∆ =  However, since the length element ∆l is∆ →  we have 

finite, we conclude that the tangential component of the electric field on the surface of a 
conductor vanishes: 

Et = 0 (on the surface of a conductor) (4.3.1) 

This implies that the surface of a conductor in electrostatic equilibrium is an 
equipotential surface. To verify this claim, consider two points A and B on the surface of 
a conductor. Since the tangential component Et = 0,  the potential difference is 

B )& &
VB −VA = − 

A 
⋅ d = 0∫ E s  

because E 
& 

is perpendicular to d s & . Thus, points A and B are at the same potential with 
VA = VB . 

)&
(4) E  is normal to the surface just outside the conductor.  

)& 
If the tangential component of E is initially non-zero, charges will then move around 
until it vanishes. Hence, only the normal component survives. 

Figure 4.3.3 Gaussian “pillbox” for computing the electric field outside the conductor.  

To compute the field strength just outside the conductor, consider the Gaussian pillbox 
drawn in Figure 4.3.3. Using Gauss’s law, we obtain 
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Usando a Lei de Gauss, é fácil mostrar que nas vizinhanças de um condutor carregado

Et = 0 ; En 6= 0

En =
�

✏0

densidade superficial de 
carga no condutor

EΦ =  
S 

d⋅∫∫ E A  
rr

Ò = (0) nE  A  A+ ⋅ = 
0 

Aσ 
ε 

(4.3.2) 

or 

nE = σ 
ε 

(4.3.3) 
0 

The above result holds for a conductor of arbitrary shape. The pattern of the electric field 
line directions for the region near a conductor is shown in Figure 4.3.4.  

)& 
Figure 4.3.4 Just outside the conductor, E is always perpendicular to the surface. 

As in the examples of an infinitely large non-conducting plane and a spherical shell, the 
normal component of the electric field exhibits a discontinuity at the boundary: 

( )+ ( )  σ σ∆E = E − E − = − 0 = n n n ε0 ε0 

Example 4.5: Conductor with Charge Inside a Cavity 

Consider a hollow conductor shown in Figure 4.3.5 below. Suppose the net charge 
carried by the conductor is +Q. In addition, there is a charge q inside the cavity. What is 
the charge on the outer surface of the conductor? 

Figure 4.3.5 Conductor with a cavity 
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Condutor carregado com uma carga Q

O excesso de carga +Q  flui para a superfície do condutor (ΦSG =0 pois E=0 no 

interior de um condutor ideal no equilíbrio eletrostático ⇒ qenvolvida pela SG = 0)

A carga +Q redistribui-se no condutor.

No equilíbrio eletrostático:

EΦ =  
S 

d⋅∫∫ E A  
rr

Ò = (0) nE  A  A+ ⋅ = 
0 

Aσ 
ε 

(4.3.2) 

or 

nE = σ 
ε 

(4.3.3) 
0 

The above result holds for a conductor of arbitrary shape. The pattern of the electric field 
line directions for the region near a conductor is shown in Figure 4.3.4.  

)& 
Figure 4.3.4 Just outside the conductor, E is always perpendicular to the surface. 

As in the examples of an infinitely large non-conducting plane and a spherical shell, the 
normal component of the electric field exhibits a discontinuity at the boundary: 

( )+ ( )  σ σ∆E = E − E − = − 0 = n n n ε0 ε0 

Example 4.5: Conductor with Charge Inside a Cavity 

Consider a hollow conductor shown in Figure 4.3.5 below. Suppose the net charge 
carried by the conductor is +Q. In addition, there is a charge q inside the cavity. What is 
the charge on the outer surface of the conductor? 

Figure 4.3.5 Conductor with a cavity 
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Condutor carregado com uma carga Q, contendo uma 
carga q em uma cavidade no seu interior

EΦ =  
S 

d⋅∫∫ E A  
rr

Ò = (0) nE  A  A+ ⋅ = 
0 

Aσ 
ε 

(4.3.2) 

or 

nE = σ 
ε 

(4.3.3) 
0 

The above result holds for a conductor of arbitrary shape. The pattern of the electric field 
line directions for the region near a conductor is shown in Figure 4.3.4.  

)& 
Figure 4.3.4 Just outside the conductor, E is always perpendicular to the surface. 

As in the examples of an infinitely large non-conducting plane and a spherical shell, the 
normal component of the electric field exhibits a discontinuity at the boundary: 

( )+ ( )  σ σ∆E = E − E − = − 0 = n n n ε0 ε0 

Example 4.5: Conductor with Charge Inside a Cavity 

Consider a hollow conductor shown in Figure 4.3.5 below. Suppose the net charge 
carried by the conductor is +Q. In addition, there is a charge q inside the cavity. What is 
the charge on the outer surface of the conductor? 

Figure 4.3.5 Conductor with a cavity 
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1. Flui uma carga -q para a superfície da cavidade (ΦSG =0 ⇒ qenvolvida pela SG = 0)

2. A superfície externa do condutor fica com carga Q+q (conservação de carga) 

Ocorre uma redistribuição de cargas no condutor.

No equilíbrio eletrostático:
E=0 no interior do condutor 
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Exercício

Problem 22.46: Concentric Spherical Shells (homework) 

12 

+Q 

-Q 

ܧ .1 ݎ < ܽ  

ߪ .2 ݎ = ܽ  

ߪ .4 ݎ = ܾ  

ܧ .3 ܽ < ݎ < ܾ  

ߪ .6 ݎ = ܿ  

ܧ .5 ܾ < ݎ < ܿ  

ߪ .8 ݎ = ݀  

ܧ .7 ܿ < ݎ < ݀  

ܧ .9 ݎ > ݀  

ܧ ݎ = ܾା = 

ߪ ݎ = ܾ
ߝ

= ܳ
ܾଶߝߨ4

 

1
ߝߨ4

ܳ
ଶቤୀݎ

= ܳ
ܾଶߝߨ4

 

Considere o campo elétrico gerado por duas 
cascas esféricas condutoras concêntricas com 
cargas +Q e -Q. No equilíbrio eletrostático 
calcule:  

Problem 22.46: Concentric Spherical Shells (homework) 

12 

+Q 

-Q 

ܧ .1 ݎ < ܽ  

ߪ .2 ݎ = ܽ  

ߪ .4 ݎ = ܾ  

ܧ .3 ܽ < ݎ < ܾ  

ߪ .6 ݎ = ܿ  

ܧ .5 ܾ < ݎ < ܿ  

ߪ .8 ݎ = ݀  

ܧ .7 ܿ < ݎ < ݀  

ܧ .9 ݎ > ݀  

ܧ ݎ = ܾା = 

ߪ ݎ = ܾ
ߝ

= ܳ
ܾଶߝߨ4

 

1
ߝߨ4

ܳ
ଶቤୀݎ

= ܳ
ܾଶߝߨ4
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Exercício

Calcule o campo elétrico em todo o espaço gerado por:  

(a) Esfera condutora de raio R com carga +Q    
Comparison: charged metallic and dielectric spheres 

8 

Q 

Q Q 

Q 

Qr 

Q Q 

Charged conducting sphere Uniformly charged (i.e. dielectric) 
sphere 
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